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Executive Summary 

Introduction 
The purpose of the 2010 Bloomington Water System Master Plan Update was to evaluate the supply, treatment and 
distribution system hydraulics in order to develop both a short-term and long-term capital improvement plan to 
assist the City with planning for existing and future water needs. 

The final deliverable for the project is the Water System Master Plan which provides detailed documentation of the 
project work and findings, including recommendations which address short-term and long-term improvement 
needs.  The report is divided into the following chapters: 

Chapter 1 Study Area Characteristics 
Chapter 2 Water Requirements  
Chapter 3 Water Supply Assessment 
Chapter 4 SDWA Assessment and Supply Treatment Requirements 
Chapter 5 Existing Treatment System Assessment 
Chapter 6 Supply and Treatment Plan 
Chapter 7 Existing Distribution System 
Chapter 8 Model Update and Calibration Verification 
Chapter 9 Distribution System Evaluation 
Chapter 10   Distribution System Improvements 
Chapter 11   Capital Improvements Program 

 

Study Area Characteristics  
The City of Bloomington is located in the southwest potion of the Minneapolis – St. Paul metropolitan area, and in 
the southeast corner of Hennepin County.  Because Bloomington is completely surrounded by other cities, as 
shown on the location map on Figure ES-1, there is no expectation that its boundaries will change in the future.  
Because water service by Bloomington utilities is currently limited to the area within its boundaries, plus a few 
customers in the City of Edina, the service area for this study is considered to be the City of Bloomington, and 
Edina customers will be considered to be drawing from the nearest pipeline within Bloomington boundaries.  The 
current service area encompasses approximately 24,470 acres (38.2 square miles), which will be the area of focus 
for developing demographic information in this study.  Because demographic information for only the City of 
Bloomington was available, the Study Area for this report is also considered to be the City of Bloomington, and its 
demographic information was utilized to arrive at system planning criteria. 

It was assumed for this report that the service area boundaries will remain constant during the Study Period and 
that growth will occur within the service area.  Growth due to expansion of the service area would require 
reassessment of growth projections.  As indicated by growth projections in City Planning Department documents 
and databases, it is anticipated that some fully-developed areas will experience steady demographic densities, some 
currently underutilized areas will experience redevelopment to higher densities, and incompletely developed areas 
will continue development toward build out densities. 
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Figure ES-1 City of Bloomington Service Area 

Census data along with estimates presented in the 2008 Comprehensive Plan were utilized to develop historical 
population figures.  A 2010 update of Forecast Tracker was employed to most accurately project future 
populations.  As shown in Figure ES-2, Forecast Tracker projects a significantly higher 2030 population as 
compared to the 2008 Comprehensive Plan.   

70

75

80

85

90

95

100

105

110

1960 1970 1980 1990 2000 2010 2020 2030 2040
Year

P
op

u
la

ti
on

 (
th

ou
sa

n
d

s)

Historical Projected - Comp Plan Projected - Forecast Tracker

 

Figure ES-2 City of Bloomington Future Population Projections 
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As the other key factor in determining water requirements for a service area, employment was also projected 
utilizing the 2010 Forecast Tracker, which served to update the 2008 Comprehensive Plan.  As shown in Figure 
ES-3, Forecast Tracker more accurately accounts for the current economic downturn than the corresponding slower 
rate of recovery of the 2008 Comprehensive Plan. 

 

Figure ES-3 City of Bloomington Future Employment Projections 

Water Requirements 
A fundamental aspect of developing an improvement program for water supply and distribution systems is the 
analysis of past water use and the projection of water use trends into the future.   

Criteria 
The City of Bloomington must be able to supply water at rates that fluctuate over a wide range.  The three most 
important demand rates for water system planning are as follows: 

▪ Average Day Demand (ADD): The average day rate was used primarily as the basis from which to estimate 
maximum day and maximum hour demands.   

▪ Maximum Day Demand (MDD):  The maximum day rate was used to size water supply facilities, booster 
pumping stations, and equalization storage volume.  

▪ Maximum Hour Demand (MHD):  Since minimum distribution system pressures usually occur during the 
maximum hour rate, the sizes, capacities and locations of pipelines were generally determined on the basis of 
this condition. 

Historical Water Use 
Figure ES-4 displays the historical daily water use based on treated water and water purchase records.  As shown, 
average day demand usage in the Bloomington system has increased steadily from approximately 11.0 mgd in 
1990 to 12.5 mgd in 2009.   
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Figure ES-4 Historical Water Use 

Demand Patterns 
Planning and design of a water system must consider short-term variations in demand that the water system 
components must be capable of serving.  Production and metered sales records were assessed to define historical 
rates of water use, which were the basis for calculating historical unit demands and peaking factors.  Values, 
patterns and trends for future demand rates were expected to be similar to historical rates. 

Unit Demand 
Unit demands based on average day water use were developed to facilitate calculation of future water demands, 
and allocation of those demands to the distribution system model.  Historical demand trends were calculated for 
each of the 17 largest users, and the current water use trend for each customer is the basis for projected future 
demands.  Historical unit demands were calculated for residential customers, hotel-motel customers and other ICI 
(industrial, commercial and institutional).  Future unit demands were based on historical values.  Based on an 
examination of historical production and consumption data, future non-revenue water (NRW) was calculated to be 
10%. 

Future Water Requirements 
Projections of future water requirements were developed for the Bloomington system in five-year increments from 
2010 through 2030.  Based on an examination of historical production and consumption data, future non-revenue 
water (NRW) was assumed to be 10% for all future planning.  The projected future metered water use plus the 
projected future non-revenue water was summed to represent the total future demand which must be supplied by 
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the system.  The projected total system demands under annual average (AD) and maximum day (MD) conditions 
are presented in Table ES-1. 

Table ES-1 Projected Future Annual Average and Maximum Day Demands 

  

Annual Average Maximum Day 
(AD), mgd (MD), mgd 

Year 
Customer 
Demand 

NRW 
(10%) 

Total 
System 
Demand 

Customer 
Demand 

NRW 
(10%) 

Total 
System 
Demand 

2010 12.81 1.28 14.09 31.20 3.12 34.32 

2015 13.92 1.39 15.31 33.89 3.39 37.26 

2020 14.08 1.41 15.49 34.25 3.43 37.67 

2025 14.70 1.47 16.16 35.71 3.57 39.29 

2030 14.80 1.48 16.28 35.98 3.60 39.58 

 

Water Supply Assessment 

Existing Supply 
Water supplies must be adequate to provide the long-term and peak day total system raw water supply demands of 
the City.  For year 2030 these are projected to be 17.83 mgd and 43.34 mgd, respectively. 

The City of Bloomington derives its water supply from two sources: treated water from the City of Minneapolis 
and aquifers that provide water for wells owned and operated by Bloomington. 

City of Minneapolis: Treated water through a water agreement which became effective on June 1, 1997 and is 
effective until December 31, 2017.  Bloomington is committed to purchasing a minimum of 267,000 cubic feet per 
day (2.0 mgd) and may purchase a maximum of 4,000,000 cubic feet per day (30 mgd).    

Groundwater Supply: The City operates six water supply wells that pump water to the water treatment plant.  Table 
ES-2 shows the current capacity and water levels of individual wells and the wellfield as a whole.  As shown in the 
table, the firm capacity of the wells is 15.26 mgd. 
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Table ES-2 Current Well Capacity and Water Levels 

Well 

Normal 
operating 

capacity of 
pumps at 

rated head, 
gpm 

At rated 
head, ft 

Pump 
depth, 

ft 

Motor 
horse-
power 

2009 
Average 

static 
water 
depth, 

ft 

2009 
Average 
pumping 

water 
depth, 

ft 

2009 
Average 

drawdown, 
ft 

Maximum 
Pumping 
Capacity, 

gpm 

Pump 
Submergence, 

ft 

1 2100 203 220 125 168 193 25 2300 27 

2 2100 223 220 150 115 185 70 2200 35 

3 2100 201 230 150 137 180 43 2100 50 

4 2100 213 150 150 99 136 37 2200 14 

5 2200 212 265 200 89 144 55 3000 121 

6 2200 206 265 200 84 140 56 3000 125 

Total 
Capacity, 

gpm 
(mgd) 

12,800 
(18.43) 

     
Total 

Capacity, 
gpm (mgd) 

14,800 
(21.31) 

 

Firm 
Capacity, 

gpm 
(mgd) 

10,600 
(15.26)1 

     
Firm 

Capacity, 
gpm (mgd) 

11,800 
(16.99) 

 

 
 
The total current Bloomington supply capacity is 45.26 mgd based on the Minneapolis Water Agreement and the 
firm capacity of the wells at their rated heads.  Comparing the current total supply capacity to the current and future 
projected demands, the City has adequate water supply in the near term.   

Ability to Meet Average Annual Raw Water Supply Needs 
If a supply interruption occurred with the City of Minneapolis, the City’s preference is to meet average raw water 
supply needs with wells.  As discussed above, the current and projected firm capacity of the City’s wells is 15.26 
mgd and total capacity is 18.43 mgd.  The firm capacity of the City’s wells is almost adequate to meet current 
average annual raw water supply needs and the total capacity of the City’s wells is adequate to meet both current 
needs and future average raw water supply needs.  

If the City’s local supply is lost, the City of Minneapolis supply is adequate to meet demands up to 30 mgd.  As 
indicated in the Water Supply agreement, it is possible that Minneapolis could supply even more water under the 
agreement. 

Procedures to reduce demands during an emergency situation are outlined in “Water Emergency and Conservation 
Plan for Bloomington, Minnesota.”  These procedures identify priorities for supplying water to customers and 

                                                      
1 The Bloomington wells have two capacity numbers: “Normal Operating Capacity” (2,100 – 2,200 gpm) and 
“Maximum Operating Capacity” (as indicated by the pump nameplate).  Due to operational issues associated with 
pumping at Maximum Capacity (sand infiltration, etc.), the City of Bloomington has accounted for the well production 
and has adjusted operation of the pumps back on their curves in order to get higher quality water from each well.  Firm 
Capacity is based on the actual pump tests and City operational experience. 
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identify measures to be taken given a mild, moderate, or severe emergency condition.  The State has approved the 
Water Emergency and Conservation Plan. 

Future Supply Alternatives 
The future Bloomington maximum day raw water demand is projected to be 43.34 mgd by year 2030.  While the 
City currently has adequate water supply to meet this demand, the Water Agreement with the City of Minneapolis 
expires at the end of 2017.  This creates a need to take steps to ensure adequate water supply in the future.  The 
Metropolitan Area Master Water Supply Plan identifies three available future water supply sources:  City of 
Minneapolis, Prairie Du Chien-Jordon aquifer and Franconia-Ironton-Galesville aquifer. 

City of Minneapolis  
The Metropolitan Area Master Water Supply Plan indicates that the City of Minneapolis has an appropriation for 
125,000 million gallons per year of withdrawal from the Mississippi River.  Projected demands for Minneapolis in 
2030 are approximately 23,700 million gallons per year.  Therefore, the available supply for Minneapolis appears 
to be abundant and is considered to be a reliable source through 2030 and beyond.  To secure supply from the City 
of Minneapolis, Bloomington will need to finalize a new Water Agreement prior to the end of 2017.    

Prairie Du Chien-Jordan Aquifer 
If well locations can be identified that will support capacities similar to Bloomington’s existing wells, 10 to 12 
wells would likely be required to replace the supply from the City of Minneapolis.   

The Metropolitan Area Master Water Supply Plan identifies the following issues for expansion of the City’s 
groundwater supply. 

▪ Potential for well interference 

▪ Potential for impacts on surface water features 

▪ Potential for impacts to trout habitat or calcareous fen 

▪ Significant contamination vulnerability 

Franconia-Ironton-Galesville Aquifer 
If wells are constructed in this aquifer, 25 to 30 may be required to replace the supply from the City of 
Minneapolis. The potential issues with development of a supply from this aquifer are similar to those listed above 
for the Prairie Du Chien-Jordan.   

SDWA (Safe Drinking Water Act) Assessment and Supply Treatment Requirements 
The City complies with all current regulations, and is well-positioned with regard to compliance with pending and 
anticipated future water quality and treatment regulations.  Distribution system samples are consistently negative 
with respect to presence of coliform organisms, and disinfection byproduct concentrations are significantly lower 
than current maximum allowable levels.  Based on lead and copper levels at consumer taps that are consistently 
well below USEPA’s current “Action Levels”, the City has been on reduced monitoring status under the Lead and 
Copper Rule since completion of the first round of monitoring in 1996.  While current disinfection and treatment 
practices do not maintain conditions which would ensure that 4-log (99.99 percent) removal/inactivation of viruses 
is consistently achieved, the City is subject to the triggered monitoring requirements of the recently-enacted 
Groundwater Rule.  Historical system coliform monitoring results suggest that difficulties in complying with 
Groundwater Rule requirements should not be anticipated.   
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Water quality data provided for review and discussions with operating staff suggest that no changes in current 
water treatment practices will be necessary to comply with anticipated regulatory requirements.  Based on the 
historically low concentrations of regulated disinfection byproducts in the distribution system, the primary impact 
of the pending Stage 2 Disinfection Byproducts Rule will be the increased costs associated with expanded number 
of routine distribution system monitoring samples required.  New treatment requirements for additional 
contaminants/contaminant groups (radon, perchlorate, byproducts of chloramine disinfection) may be promulgated 
at some future date; the City should therefore continue to monitor regulatory development activity within USEPA 
to ensure continued ability to maintain compliance with new regulations as they are promulgated.    

Existing Treatment System Assessment 
The current water treatment facility has a design capacity of 14 mgd, which is sufficient to meet average day 
demands in the event that the Minneapolis supply is unavailable in an emergency.  The facility was expanded and 
upgraded in 2002 and continues to operate smoothly and reliably, producing high quality drinking water meeting 
all regulatory requirements.   

Due to the City’s relatively high annual operating costs associated with handling and disposal of lime softening 
residuals, two alternatives were evaluated to provide a potentially better long-term solution:  

1. Direct pumping of residuals from the treatment facility to the existing lagoons through a new 
pipeline 

2. Installation of plate and frame filter presses to dewater the residuals on site, eliminating the need 
for lagoons.   

Both alternatives were found to have a simple payback period between 15 to 20 years.  The filter press option 
could provide an added benefit to the City in that the land currently occupied by the dewatering lagoons could be 
available for other uses. 

Supply and Treatment Plan 

Long-Term Plan 
The largest component of the City’s treated water supply is the purchase of water from Minneapolis based on the 
Water Agreement with the City of Minneapolis which expires May 31, 2017.  The supply from Minneapolis is 
reliable and of high quality.  The City should place a high priority on extending this agreement or negotiating a 
new agreement that delivers up to 4,000,000 cubic feet per day (30 mgd) and extends through 2030.  This will 
provide adequate treated water to meet demands through the planning period.   

If an extended agreement or new agreement with the City of Minneapolis can not be completed, the City will need 
to significantly expand its own source of supply and treatment capacity.  With current well firm capacity of 15.26 
mgd and treatment capacity of 14 mgd, the City will need approximately 28 mgd of additional raw water supply 
and 25 mgd of additional water treatment capacity to meet projected demands through 2030.      

As discussed previously, the Prairie Du Chien-Jordan and the Franconia-Ironton-Galesville aquifers could provide 
the additional supply capacity.  Assuming the Prairie Du Chien-Jordan aquifer characteristics are relatively 
constant in Bloomington, 10 to 12 additional wells would be required to replace the supply from Minneapolis.  For 
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the Franconia-Ironton-Galesville aquifer, 25 to 30 wells would likely be required to replace the supply from 
Minneapolis. 

The Metropolitan Area Master Water Supply Plan identified several potential issues for expansion of the City’s 
groundwater supply.  These will need to be investigated if the groundwater supply is expanded.    

Available alternatives to a new agreement with the City of Minneapolis include the construction of new water 
treatment facilities to produce 25 mgd of water.  The existing site would not accommodate expansion and should 
not be considered for additional capacity upgrades.  A new centralized plant located at the West 111th Street 
location could be utilized for either a groundwater facility or an alternate source, including surface water from the 
Minnesota River or groundwater under the influence.  A detailed study should be performed if alternate sources 
were selected.  Additionally, smaller packaged plants could be designed to strategically provide water through out 
the city as an alternative to the single, centralized plant.    

The capital costs of such a significant expansion would be very high and on-going operations and maintenance 
expenses would increase dramatically as well.  Therefore, it is recommended that the City develop a strategy for 
continued purchase of treated water from the City of Minneapolis.   

Short-Term Needs 
Wells 1 and 4 have 27 and 14 feet of submergence, respectively.  While the submergence is adequate, the pumping 
water level should be monitored to ensure that adequate submergence is maintained.  If pumping water levels drop 
significantly in Wells 1 and 4, the pump bowls should be lowered and/or well rehabilitation should be scheduled.  
The pumping water level in Wells 2 and 3 should also be monitored to ensure adequate submergence is 
maintained.  It is noted that Well 3 is currently being rehabilitated and this may improve its performance and 
submergence.   

Existing Distribution System 
The City of Bloomington water distribution system is currently supplied by two sources, a Water Treatment Plant 
(WTP) located in the central portion of the system west of Poplar Bridge Road, and an interconnection with 
Minneapolis Water Works at the intersection of 82nd Street and Penn Avenue.  Both sources of supply contain 
finished water clearwells/reservoirs, and convey water to the Normal Zone of the Bloomington distribution system 
utilizing high service pump stations.  The Poplar Bridge Booster Pump station (BPS) is located adjacent to the 
WTP and pumps water from the Normal Zone to the High Zone in the western portion of the distribution system. 
Bloomington’s water distribution system is divided into two main pressure zones: the Normal Zone and the High 
Zone.  The Normal Zone serves the bulk of the system and contains two elevated tanks; the High Zone serves a 
fraction of the system in the northwest corner of the City and contains one elevated tank.  The distribution system 
contains over 490 miles of water pipelines ranging in size from 4 to 48-inch and serves customers at elevations 
between 741 ft and 993 ft.  An overview of the distribution system including all major system facilities is shown in 
Figure ES-5. 
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Figure ES-5 Bloomington Water Distribution System Overview 

Model Update and Calibration Verification 

Model Update 
The City of Bloomington’s hydraulic model was originally developed in Cybernet 3.1 format during the 1998 
Water System Master Plan.  At the request of the City, the model was converted to WaterCAD V8.1 format.  To 
ensure that the City of Bloomington’s hydraulic model would produce results of sufficient accuracy to support 
development of the Capital Improvement Plan, as well as the overall Water System Master Plan, the model was 
updated to reflect the existing distribution system. 

Model update activities primarily involved: implementing system improvements that were recently installed since 
the last model update, updating the allocation of system demands to model nodes based on geocoded meter data 
and consumption records, updating tank dimensions and pump curves based on updated information and updating 
model node elevations based on updated spot elevation data provided by the City.  

Calibration Verification 
In order to ensure that the updated hydraulic model was suitable for use as a master planning tool for the City of 
Bloomington water distribution system, a calibration verification was conducted in order to assess the ability of the 
model to predict real-world conditions as recorded by SCADA on a representative maximum demand day.   
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A 24-hour Extended Period Simulation was conducted in order to compare the hydraulic model to the SCADA 
data recorded on August 30, 2007 – a day with a recorded demand of 30.27 mgd.  Utilizing SCADA data, zone-
specific diurnal demands were calculated for each Pressure Zone and applied to all model nodes.  Operational 
controls were employed to allow system facilities to match actual operation on the calibration day in order to verify 
the calibration of the model. 

A total of 13 points of calibration were assessed, including pump station flows, tank levels and pressure points 
throughout the system.  Model results were compared to the SCADA records, as shown in Figure ES-6, in order to 
quantify the quality of calibration. 
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Figure ES-6 Model and SCADA Comparison Example 

 

A peer-reviewed AWWA Journal article which included seven case studies of US Water System’s Hydraulic 
Models deemed reliable by operations staff to predict system performance was used as a benchmark by which to 
compare the results of the Bloomington Calibration Verification.  A comparison of Bloomington pump station 
flow calibration accuracy to the seven calibrated case studies is shown in Figure ES-7.  As shown, the 
Bloomington calibration meets or exceeds all of the case studies in nearly all instances, indicating a high quality of 
model calibration.   
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Figure ES-7 Comparison of Bloomington Flow Calibration to AWWA Case Studies 

Based on the comparison of Bloomington flows, tank levels and pressures to the AWWA case studies, it is Black 
& Veatch’s opinion that the City of Bloomington Hydraulic Model is sufficiently verified to be calibrated for use 
as a system planning tool under the scope of this Water System Master Plan. 

Distribution System Evaluation 

Performance Criteria 
In order to evaluate the water system, both existing and in the future, a set of benchmarks were required to allow 
for objective analysis.  These performance criteria, including storage, pumping, pressure and fire flow, allowed for 
the existing facilities to be evaluated with respect to increasing customer demands throughout the planning horizon.  
Through this process, specific deficiencies were identified and addressed on a facilities basis. 

Utilizing the planned facilities improvements, the hydraulic model was employed – based on the facilities 
improvements – to evaluate the distribution system (water mains, tank locations, pressure zone boundaries) 
throughout the 2030 planning horizon.  The results of these analyses were the basis for the Capital Improvement 
Plan in Chapter 11. 

A summary of the performance criteria service goals which were utilized to evaluate the City of Bloomington’s 
water distribution system is provided in Table ES-3. 
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 Table ES-3 City of Bloomington Water Distribution System Performance Criteria Summary 

Parameter Criteria/Description Service Goals 
Minimum Acceptable 

Performance 
Comments 

Fire Flow 

Minimum Flow 1,000 gpm 1,000 gpm 
The minimum flow is the minimum fire flow required for 

residential areas 

Maximum Flow 3,500gpm 3,500 gpm 
The maximum flow is the maximum fire flow to be 

provided by the system 

Minimum Residual Pressure 20 psi 20 psi 
Insufficient residual pressure indicates need for greater pipe 

capacity 

Storage Volume 

Equalization Volume MDD x Equalization Rate 
Equalization rate for each pressure zone based on diurnal 

curve and supply pattern 

Fire Reserve 3,500 gpm for 3 hours 
Assuming that at least one location in each pressure zone 

requires a fire flow of 3,500 gpm 

Emergency Reserve 1/2 ADD 

Emergency volume can be transferred from other pressure 
zones if by gravity or adequate pumping capacity if 

available under back-up power. Should be available at a 
minimum pressure of 20 psi, i.e., be effective storage. 

Pipeline 
Hydraulic 
Analysis 

Maximum Velocity < 5 ft/sec peak hour demand N/A   

Maximum Head loss (HL) 
per 1,000 Feet 

< 5 ft peak hour demand N/A 
This parameter is used to identify pipes that may be 

contributing to pressure and/or flow deficiencies. 

Pump Station 
Sizing 

Supply and Zone Transfer 
Facilities  

Firm Capacity > MDD (Within 
each pressure zone) 

Total Capacity > MDD  
For dual purpose (supply and storage) pump stations, only 

available pump capacity above the required supply capacity 
can be considered available for delivering water from 

storage 

Pumped Storage Facilities 
(WTP Clearwell, 82 nd and 

Penn Reservoir) 

Firm capacity of storage pumps 
within each zone > Required 

MD equalization delivery rate;  
Total Capacity > fire flow rate 

Total Capacity > Rate Req'd 
to deliver greater of MD 
Equalization Volume OR 

Fire Flow 

Pressure 

Minimum Pressure - Normal 
Conditions 

>40 psi under peak hour 
demand 

> 35 psi under peak hour 
demand 

  
 

Minimum Pressure - Fire 
Flow Conditions 

 > 20 psi under fire flow 
conditions 

 > 20 psi under fire flow 
conditions 

  

Maximum Pressure – 
Normal Conditions <100 psi < 100 psi  
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General Assessment 
An assessment was completed to determine the size, capacity and approximate location of treatment, supply, 
storage, pumping facilities and the transmission pipeline network necessary to serve current and future demands 
based on the performance criteria presented above.   The general assessment, followed by hydraulic modeling 
resulted in a system of supply, storage, pumping and transmission pipeline components considered optimal for 
meeting the water service requirements of Bloomington throughout the planning horizon. 

The general assessment included a comparison of existing facility (treatment, pumping, storage) to projected future 
demands.  Table ES-4 displays an example assessment table, evaluating the available equalization, fire and 
emergency storage available in the Normal Zone throughout the planning horizon utilizing the performance 
criteria.  As shown, deficiencies in equalization volume are predicted to begin by 2015, and continue through 2030.  
Improvement projects to address these deficiencies are discussed later and included in the CIP. 

Table ES-4 Normal Zone Storage Assessment 

2010 2015 2030 2010 2015 2030 2010 2015 2030
Valley View Tower Floating 1.5 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
Western Reservoir Floating 3.0 0.00 0.00 0.00 2.59 2.59 2.59 2.59 2.59 2.59
82nd and Penn HSPS Pumped1 20.0 2.79 2.06 1.48 4.19 3.09 2.22 20.00 20.00 20.00
WTP HSPS (Clear Well) Pumped1 4.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

28.5 4.29 3.56 2.98 8.28 7.18 6.31 24.09 24.09 24.09

4.05 4.45 4.76 4.68 5.08 5.39 10.84 11.85 12.64

+0.24 -0.89 -1.78 +3.60 +2.10 +0.92 +13.25 +12.24 +11.45

1 Pumped storage is calculated using available firm capacity in excess of MDD: 6 hours for equalization and 9 hours for equalization plus fire flow.  For emergency, pumped storage was calculated 
  using available firm capacity for 24 hours
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Hydraulic Modeling Deficiency Analysis 
The calibrated hydraulic model was utilized to examine the projected future distribution system and identify 
potential deficiencies based on the distribution network performance criteria.  Beginning with the 2030 planning 
year, a 24-hour extended period simulation (EPS) was employed to model a typical maximum demand day.  
Utilizing iterative analyses and engineering judgment, deficiencies were examined and, if needed, improvement 
projects were identified which improved system conditions to the point that performance criteria (velocity, 
headloss, pressure, etc.) were substantially met throughout the distribution system. 

Figure ES-8 displays the modeled system under 2030 maximum day demands, with pipeline headloss gradients 
and node pressures shown.  Locations predicted to be deficient based on the performance criteria were analyzed 
closely and addressed with improvement projects. 

It is noted that due to small predicted increases in demand throughout the planning horizon, deficiencies predicted 
to be present in 2030 were also predicted to be present in 2010 – though to a lesser extent. 
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Figure ES-8 2030 Maximum Day Demand EPS Results – Maximum Pipeline Headloss Gradients 

The system deficiency/improvement analysis above was focused on meeting performance criteria during “normal” 
system demand and operating conditions.  Additionally a full system fire flow analysis was performed, intended to 
identify any potentially significant fire flow deficiencies not already addressed by the maximum day demand 
analyses. 

The Bloomington hydraulic model is skeletonized and generally contains transmission mains which are 8-inch and 
larger with some smaller 6-inch mains in various parts of the system.  This limitation in distribution-level system 
pipeline network detail prohibited detailed analysis of the distribution of fire flows on a system-wide basis.  The 
model did, however, allow for the analysis of the transmission of fire flows on a system-wide basis, which was the 
level of analysis conducted for this master plan report. 

Figure ES-9 displays the model-predicted available fire flows under 2030 maximum day demand conditions.   As 
shown, the majority of the Bloomington distribution system is predicted to be capable of delivering at least 1,000 
gpm, meeting the performance criteria goal.  It is noted that this simulation represent the results for the 
skeletonized system, which omits many smaller-diameter distribution-level mains which are likely to represent the 
critical fire flow customers.  Robust field-testing and an all-pipes model would be required to enhance the accuracy 
of these fire results. 
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Figure ES-9 2030 Maximum Day Demand + Fire Flow – Available Fire Flow (> 20 psi Residual) 

Distribution System Improvements 
Because of limited growth projections in the system, as well as the fact that the distribution system has an effective 
looped network, few capacity concerns were noted in this study, and the resulting capital improvements program is 
limited. Available effective storage and pumping capacity at the WTP were the noted capacity constraints in the 
system. For definition of future projects and maintenance of the system, it is recommended to commence a long-
term main replacement and rehabilitation plan. Such a plan would involve assessing the condition of pipes on a 
system-wide basis and prioritizing them for rehabilitation or replacement based on the likelihood of failure and 
their criticality to system operations. 

Pumping 
The firm capacity of the WTP HSPS was calculated to be insufficient to fully utilize the available treatment 
capacity of 14.0 mgd. Therefore, a new pump is recommended at this station.  

All other pump stations were found to have adequate firm capacity throughout the planning period. 

Storage 
Effective available storage capacity in both the High Zone (the Northwest Tower) and the Normal Zone (Western 
Reservoir) was found to be limited by high elevation customers in the vicinity of the tanks. In the case of the 
Western Reservoir in particular, this limited storage volume is projected to lead to a storage deficiency in the 
future. To increase the effective available storage volume and improve service to high elevation customers, it is 
recommended to implement a program to provide select high elevation customers with individual booster pumps, 
similar to the program that was implemented in the 1990s. 
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By allowing the highest elevation customer pressures to drop to 35 psi, rather than the service goal of 40 psi in this 
study, the maximum elevation customer capable of being served by the tank increases to approximately 876 ft.  
Figure ES-10 displays all 172 Normal Zone customers which are predicted to be served by the Western Reservoir 
(at 956.4 ft) at static pressures of less than 35 psi.  Of these, eight customers are currently equipped with individual 
booster pumps.  

 

Figure ES-10 Normal Zone Customers Recommended for Individual Boosters 

The anticipated cost of this alternative is approximately $2,200 per unit, for a total cost of approximately $360,000.  
It is noted that there may be a significant opportunity to save costs by contracting this project out as a single 
program.  

Transmission 
Based on the hydraulic evaluations in the 2030 and 2010 scenarios, transmission improvements are not predicted to 
be required to meet the key service pressure and fire flow performance goals.  A criticality analysis was performed 
utilizing the hydraulic model to identify critical mains that, in the event of failure, could lead to a significant 
reduction in service. The resulting identification of the most critical pipes in the system is presented in Figure ES-
11. This analysis found that with the exception of dead end mains, no transmission pipes were responsible for a 
loss of pressure resulting in a service pressure less than 20 psi. Therefore, rather than replacing these mains, it is 
recommended to develop a long term main replacement and rehabilitation program, in which pipe replacement or 
rehabilitation can be prioritized, based on pipe condition, likelihood of failure, consequence of failure, and 
criticality to system operations, among other things.  
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Figure ES-11 Critical Pipes in the Bloomington Water System 

Distribution 
Similar to the high elevation areas served by the Western Reservoir, there are two areas with high elevations for the 
Normal Zone near the Water Treatment Plant and approximately mid-way between the WTP and the 82nd and 
Penn Avenue HSPS, in the vicinity of Shepherd Hills Drive and Zenith Road. Minimum service pressures during 
maximum day demands were investigated to evaluate the ability to provide service to these locations. In this 
analysis, 21 customers were predicted to experience pressures less than 35 psi during maximum day demands. 
These customers are highlighted in Figure ES-12. It is recommended to include these services in the individual 
booster program. 

 

Figure ES-12 High Elevation Customers between WTP and 82nd & Penn 
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Capital Improvements Program 
This section presents the long-range master plan for water works required to serve the needs of the Study Area in 
the 2030 planning year, and identifies a capital improvements program (CIP) for the necessary improvements to 
meet service goals during this period.  Actual growth rates and development patterns, along with resulting demand 
and system performance, should be monitored regularly and the need and timing of future improvements either 
confirmed or adjusted to fit future conditions. 

In general, the distribution system network was found to be well-looped and of adequate capacity for existing and 
future demands. As such, clear capacity-based pipe improvement projects were not identified in this project. 
Instead, further study is recommended to understand the condition and deterioration rates of pipes in the system, to 
enable implementation of a long term main replacement and rehabilitation plan, which will provide a plan for 
capital improvements and maintenance of the system based on numerous factors, and not just available pipe 
capacity. 

Following are the recommended improvements that were identified for the water system. Table ES-5 provides a 
summary of the recommended improvements, which are also shown in Figure ES-13. 

Table ES-5 Recommended Capital Improvements 

Capital Improvement Estimated Cost 

Individual Booster Program $407,000 

Increase Firm Capacity at WTP HSPS $209,000 

Mechanical Dewatering System at WTP $4,262,000 
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Figure ES-13 Recommended Capital Improvements 

Implement Individual Booster Program for High Elevation Customers 
In June of 1993, a resolution approving the “Residential Water Pressure Policy” was adopted by the Bloomington 
City Council.  The goal of the program was to provide increased water service pressures to customers with 
marginal pressures relative to the city standards.  Based on the results of a study conducted at the time, a total of 
132 properties were identified as candidates for the program.  Of those invited to participate, 42 elected to proceed 
with the installation of an individual booster pump. A similar program is recommended to provide service to the 
highest elevation customers in the Normal Zone and to increase the effective available storage volume of the 
Western Reservoir. 

Assuming that the performance criteria can be reduced to 35 psi for customers at the end of the maximum day 
equalization period, the installation of individual booster pumps to serve 164 parcels is the recommended option to 
satisfy both the existing pressure concerns at high elevation customers in the Normal Zone as well as the projected 
equalization storage deficit in 2030.   

Similar to the high elevation areas served by the Western Reservoir, there are two areas with particularly high 
elevations for the Normal Zone near the Water Treatment Plant and approximately mid-way between the WTP and 
the 82nd and Penn Avenue HSPS, in the vicinity of Shepherd Hills Drive and Zenith Road. In this analysis, 21 
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parcels were identified to have minimum pressures less than 35 psi and are recommended for inclusion in the 
individual booster program.  

Based on the 1997 Program B installation cost of approximately $1,500 per unit, and escalating the cost to 2010 
prices using the Building Construction Index, the anticipated cost of this alternative is approximately $2,200 per 
unit to 185 units, for a total cost of approximately $407,000.  It is noted that there may be a significant opportunity 
to save cost by contracting this project out as a single program. It is also noted that there may be opportunities to 
extend the High Zone boundary (using valving) in order to transfer some of the 185 customers – due to proximity 
to the zone boundary – from the Normal Zone to the High Zone, reducing the number of individual booster pumps 
required to approximately 120. 

Increase Firm Capacity of High Service Pump Station at Water Treatment Plant 
Additional pumping capacity will be required at the WTP in order to fully utilize the available treatment capacity 
of 14.0 mgd within the firm capacity of the pumping station. Further study is recommended to identify an 
appropriate capacity, head, and configuration for this pump, given the range of operating conditions that are 
anticipated at the station throughout the year. Planning level costs of replacing the smallest pump unit (HSP#1) 
with a larger capacity unit are estimated to be $209,000. 

Install Mechanical Dewatering System at the Water Treatment Plant 
Plate and frame filter presses have proven to be an efficient alternative for mechanical dewatering of lime softening 
residuals.  A present worth analysis, presented in Chapter 5, revealed that implementing a mechanical dewatering 
system in a new brick and block building at the water treatment plant is predicted to be the least cost alternative to 
handling residuals. The estimated planning level capital cost for such a project, as described in Chapter 5, is 
$4,262,000 in 2010 dollars. 

In addition to the recommended capital improvements presented above, two studies are recommended to (1) 
evaluate the possibility to save significant energy costs by adjusting pump operations and (2) to prioritize water 
main improvements for long term maintenance of the system. These recommendations are outlined further below. 

Conduct study on possible benefits and energy savings by adjusting operations related to the 
Minneapolis supply and pumping from the 82nd and Penn Pumping Station 
Based on a simple analysis of demands and supply capacity at the 82nd and Penn connection with Minneapolis, it 
appears that it may be possible to reduce energy usage due to pumping at 82nd and Penn. This analysis led to the 
preliminary conclusion that in 2030, during more than 50% of the year, the Bloomington distribution system can 
be adequately served with no pumping at 82nd and Penn. Although there would be operational issues associated 
with maintaining fresh water in the 82nd and Penn Reservoirs in case of emergency or unexpectedly high demands 
on a given day, we feel that the potentially significant energy cost savings warrant further investigation.  An 
analysis which studies various potential gravity/pumped scenarios in order to determine economic viability and 
potential cost savings is recommended.  

Conduct Long Term Main Replacement and Rehabilitation Planning Study 
Based on the hydraulic evaluations in the 2030 and 2010 scenarios, transmission improvements are not predicted to 
be required to meet the key service pressure and fire flow performance goals.  A criticality analysis was performed 
to identify critical mains that, in the event of failure, could lead to a significant reduction in service. This analysis 
found that with the exception of dead end mains, no transmission pipes were responsible for a loss of pressure 
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resulting in a service pressure less than 20 psi. Therefore, rather than replacing these mains, it is recommended to 
develop a long term main replacement and rehabilitation program, in which pipe replacement or rehabilitation can 
be prioritized based on pipe condition, likelihood of failure, consequence of failure, and criticality to system 
operations, among other things. 
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Chapter 1. Study Area Characteristics 
A program of improvements to achieve an efficient and effective water supply and distribution system is strongly 
influenced by the physical and economic environment of the service area, and particularly by patterns of land use 
and demographic distribution.  Development of a comprehensive water system master plan begins with defining 
the study area for which service will be provided in the future.  Next is an evaluation of historical demographics 
within the service area, which includes defining past population and employment that is correlated with land use 
and water use patterns.  These historical relationships are applied to forecasts of population, employment, and other 
development units to provide the basis for forecasting the magnitude and spatial allocation of future demand.  To 
accurately predict future water demands and time the improvements needed to meet these demands, it is necessary 
to define the characteristics of future land use in terms of population and employment densities and spatial 
distribution at planning milestones. 

1.1 Study Area 
The City of Bloomington is located in the southwest potion of the Minneapolis – St. Paul metropolitan area, and in 
the southeast corner of Hennepin County.  Because Bloomington is completely surrounded by other cities, as 
shown on the location map on Figure 1-1, there is no expectation that its boundaries will change in the future.  
Because water service by Bloomington utilities is currently limited to the area within its boundaries, plus a few 
customers in the City of Edina, the service area for this study is considered to be the City of Bloomington, and 
Edina customers will be considered to be drawing from the nearest pipeline within Bloomington boundaries.  The 
current service area encompasses approximately 24,470 acres (38.2 square miles), which will be the area of focus 
for developing demographic information in this study.  Because demographic information for only the City of 
Bloomington was available, the Study Area for this report is also considered to be the City of Bloomington, and its 
demographic information was utilized to arrive at system planning criteria. 

It was assumed for this report that the service area boundaries will remain constant during the Study Period and 
that growth will occur within the service area.  Growth due to expansion of the service area would require 
reassessment of growth projections.  As indicated by growth projections in City Planning Department documents 
and databases, it is anticipated that some fully-developed areas will experience steady demographic densities, some 
currently underutilized areas will experience redevelopment to higher densities, and incompletely developed areas 
will continue development toward build out densities. 

The Study Area is subdivided into 48 traffic analysis zones (TAZ) for transportation planning, as shown on Figure 
1-2.  The Study Area is also subdivided into 21 census tracts as defined by the 2000 census, as shown on Figure 1-
3.  Finally, areas in which future changes in development are specifically planned or anticipated, as documented in 
the City Planning Department’s Forecast Tracker, are shown on Figure 1-4.  Each of these maps also shows the 
Study Area subdivided into two water service zones; the Normal Zone and the High Zone.    

The census demographics associated with each census tract were defined by the U.S. Census Bureau for each of 
the past census years reported.  Projections of future demographics, subdivided by TAZ, were obtained from the 
City’s 2008 Comprehensive Plan.  Finally, future development features were obtained from the January 2010 
update to Forecast Tracker and converted to equivalent demographics using factors defined by the Planning 
Department and for a few development features from other appropriate sources.  Although Forecast Tracker serves 
as the primary basis for defining future changes in development, demographics and water demand, each of the data 
sources described above provided key factors and trends that were utilized in evaluations conducted for this study.  
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Also, projections of demographics and water demand based on the TAZ data in the 2008 Comprehensive Plan are 
also presented and compared with those derived from 2010 Forecast Tracker data so that current planning criteria 
can be correlated with the 2008 Comprehensive Plan.  

The timing of demand growth as determined from the 2010 Forecast Tracker data will be the primary basis for 
defining the timing of needed improvements.  The primary Design Years for this project include Year 2007 (Base 
Year), 2010, 2015 and 2030.
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Figure 1-1 Service Area 
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Figure 1-2 Water Service Zones & Traffic Analysis Zones 
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Figure 1-3 Water Services Zones & Census Tracts 
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Figure 1-4 Water Service Zones & Forecast Tracker Areas
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1.2 Population 

1.2.1 Historical Population 
Historical population numbers for Bloomington, based on past census data from the U.S. Census Bureau, were 
obtained from the 2000 and 2008 Comprehensive Plans.  Historical estimates of population for the census years 
since 1950 are presented in Table 1-1. 

1.2.1.1 Census   
Between 1950 and 1960, Bloomington's population increased from approximately 10,000 to 50,000, which is 
about half of the City’s total growth over its entire history.  Since peaking in about 1990, the population growth 
rate has been essentially steady to slightly negative.  The historical (census) population for the total service area, 
subdivided by census tract, was allocated to the two water service zones based on the ratio for each census track of 
residential land area that lies within each water service zone.   

Table 1-1  Historical Population – Census 

Year Total Service Area 

1950 9,902 

1960 50,498 

1970 81,971 

1980 81,831 

1990 86,330 

2000 85,172 

 
The historical population for each water service zone determined by the method described previously is presented 
in Table 1-2. 

 

Table 1-2  Historical Population by Service Zone – Census - TAZ Data Allocated to Service Zones a) 

Year Total Service Area Normal Zone High Zone 

1950 9,902 - - 

1960 50,498 - - 

1970 81,971 65,144 16,826 

1980 81,831 65,033 16,797 

1990 86,330 73,164 13,166 

2000 85,172 71,958 13,214 
a)TAZ data published in 2008 Comprehensive Plan 
 

1.2.1.2 Interim Estimates   
For the years since the 2000 census, estimates of population for each year were made by interpolating between the 
2000 Census population and the estimates for Years 2006 and 2010 presented in the 2008 Comprehensive Plan.  
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Estimates of population for Interim Years 2001 through 2009 are presented in Table 1-3, along with the census 
value for Year 2000 and the projection for Year 2010.   

The primary purpose for determining population for the interim years is to correlate residential and overall water 
usage and metered consumption with population and arrive at unit water demands.  From the data in Table 1-2 and 
Table 1-3 was assembled historical population for each water service zone as presented in Table 1-4.  In that table, 
the list of population data at each census year is appended by an estimated value for Year 2006; the value to which 
demand changes defined from Forecast Tracker will be added. 

Table 1-3  Historical Population - Interim Estimates - TAZ Data Allocated to Service Zones a) 

Year Total Service Area Normal Zone High Zone 

2000 85,172 71,958 13,214 
2001 85,282 71,960 13,322 
2002 85,392 71,962 13,430 
2003 85,502 71,964 13,537 
2004 85,611 71,966 13,645 
2005 85,721 71,968 13,753 
2006 85,831 71,970 13,860 
2007 86,070 72,209 13,860 
2008 86,310 72,449 13,860 
2009 86,549 72,688 13,860 
2010 86,788 72,927 13,860 

a) TAZ data published in 2008 Comprehensive Plan 

 
Table 1-4  Historical Population by Service Zone - Census and Estimated - TAZ Data Allocated to Service Zones a) 

Year Total Service Area Normal Zone High Zone 

1950 9,902 - - 
1960 50,498 - - 
1970 81,971 65,144 16,826 
1980 81,831 65,033 16,797 
1990 86,330 73,164 13,166 
2000 85,172 71,958 13,214 

2006 a) 85,831 71,970 13,860 
a) TAZ data published in 2008 Comprehensive Plan 

1.2.2 Future Population 
Population projections were prepared for the Bloomington water service area based on data provided by the City 
Planning Department in the 2008 Comprehensive Plan and in the 2010 Forecast Tracker. 

1.2.2.1 2008 Comprehensive Plan.   
The projected population for each TAZ, as defined in the 2008 Comprehensive Plan and listed in Table A-1 in 
Appendix A, was apportioned to each 2000 census tract and to each water service zone based on the proportion of 
residential land area for that TAZ lying within each census tract and water service zone.  The future population 
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based on TAZ data as allocated to each 2000 census tract is presented in Table A-2 in Appendix A, and to each 
water service zone in Table 1-5. 

Table 1-5  Future Population - TAZ Data Allocated to Service Zones a) 

Year Total Service Area Normal Zone High Zone

2006 85,831 71,970 13,860 
2010 86,788 72,927 13,860 
2020 90,543 76,602 13,940 
2030 92,478 78,516 13,961 

a)TAZ data published in 2008 Comprehensive Plan 
 

The data in Table 1-5 show that the population projections for Bloomington equate to an average growth rate of 
approximately 400 persons per year from 2010 to 2020, and 200 persons per year from 2020 to 2030.  The 
historical and projected populations for Bloomington are presented graphically in Figure A-2 in Appendix A and in 
Table 1-5. 
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Figure 1-5 Population – 2008 Comprehensive Plan 

 

A map of Bloomington, subdivided by the 21 census tracts and 2 water service zones, is presented in Figure 1-3.  
The actual year 2000 and the projected year 2010, 2020, and 2030 population distribution is presented in Table A-2 
in Appendix A.  The data in Table A-2 indicate that the population within the northeast part of Bloomington is 
expected to increase most between 2010 and 2030.  In most census tracts the population and number of residences 
will not change noticeably in the future, resulting in a stable average household size over the next 20 years.  
Although declining household size is a historic trend common to all census tracts in the past, this trend has recently 
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leveled, according to household size data generated from published census data and demographic projections 
presented in the 2008 Comprehensive Plan, which are depicted graphically in Figure A-1 in Appendix A. 

Population growth within each census tract will differ as development within Bloomington continues to varying 
degrees in different locations.  In particular, census tract 251 in the northeast corner of the Study Area is expected 
to experience substantial growth over the next 20 years, accounting for about one-third of all projected population 
increase over that time.  Population in many census tracts will be stable, and will decline in a few census tracts 
where some residential development is displaced by commercial redevelopment.  The details of this process are 
defined in the Forecast Tracker. 

1.2.2.2 2010 Forecast Tracker   
The estimates of Bloomington population presented in Table 1-5, based solely on projections in the 2008 
Comprehensive Plan, provide a generally good indication of the magnitude and trend of population over time for 
each area identified.  The population values for each area represent a summation of the populations defined for 
each TAZ, as allocated to each census tract or portion of a census tract that lies within that area.  Although the 
population data in the 2008 Comprehensive Plan were reportedly consistent with the 2008 version of the Forecast 
Tracker data, Forecast Tracker was updated in January 2010 and provided for use in this study. 

The 2010 Forecast Tracker lists 208 development changes expected to occur between Year 2006 and Year 2045.  
For each development feature listed a value is provided to indicate the magnitude of the planned development 
change, expressed in one of the development feature units listed in Table A-3 in Appendix A.  From each 
development feature value an equivalent population or employment demographic value was calculated based on 
either a household size factor or an employment density factor listed in Table A-3 in Appendix A.  The residential-
related development features (housing units) were multiplied by the appropriate household size factor to determine 
the population changes due to Forecast Tracker development data.  The yearly population changes and the future 
population at planning milestone years as a result of Forecast Tracker development are presented in Table A-4 in 
Appendix A.  The future population for each water service zone at the planning milestone years of 2006, 2010, 
2020 and 2030 are presented in Table 1-6. 

Table 1-6  Future Population - Forecast Tracker Data Allocated to Service Zones 

Year Total Service Area Normal Zone High Zone 

2006 85,831 71,970 13,860 
2010 87,007 73,146 13,860 
2020 93,357 79,452 13,905 
2030 97,291 83,336 13,955 

 
The population estimates presented in Table 1-6 differ somewhat from those presented in Table 1-5 because of 
changes in development vision since the 2008 Comprehensive Plan was completed.  A graphical comparison of the 
population numbers for Bloomington according to the 2008 Comprehensive Plan and with those according to the 
2010 Forecast Tracker is presented in Figure 1-6.   

The data in Table 1-5 and Table 1-6, and in Figure 1-6 indicate that the 2010 Forecast Tracker projects a 
population that is approximately 5,000 greater at Year 2030 than does the 2008 Comprehensive Plan. 
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Figure 1-6 Population – 2008 Comprehensive Plan vs. 2010 Forecast Tracker 

1.3 Employment 
Employment is another key factor that determines the water requirements of the planning area.  Not only is 
employment an indicator of economic activity that must be sustained by water, but it identifies a major component 
of the population and where it spends most of the daytime hours, when demands are usually greatest, at a location 
away from the residence with which it is otherwise associated.  Employment data by TAZ were allocated to census 
tracts for spatial distribution of demand by commercial customers other than those that are the largest water users, 
which will be accounted separately in demand projections. 

1.3.1 Historical Employment 
Historical employment numbers for each TAZ in Bloomington, obtained from the 2008 Comprehensive Plan, are 
presented in Table A-5 in Appendix A.  This data was allocated to 2000 census tracts and to each water service 
zone in a manner similar to that previously described for the population data.  The resulting historical employment 
numbers, subdivided by 2000 census tract, are provided in Table A-6 in Appendix A.  A summary of the historical 
employment numbers for Bloomington for the census years since 1970 are presented in Table 1-7. 

Table 1-7  Historical Employment – TAZ Data a) 

Year Total Service Area 
1950 - 
1960 - 
1970 40,030 
1980 61,098 
1997 97,268 
2000 101,734 

a)TAZ data published in 2008 Comprehensive Plan 
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Between 1970 and 2000, Bloomington’s employment increased from approximately 40,000 to 102,000, an average 
growth of more than 2,000 employees per year.  The historical employment data for each TAZ was allocated to 
census tracts and to water service zones using an Industrial-Commercial-Institutional (ICI) land area ratio method 
similar to that described previously for allocating population using residential land area ratios.  The historical 
employment allocated to each census tract for census years since 1970 are presented in Table A-6 in Appendix A.  
The historical employment allocated to each water service zone for census years since 1970 are presented in Table 
1-8Table 1-8. 

Table 1-8  Historical Employment by Service Zone - TAZ Data Allocated to Service Zones a) 

Year Total Service Area Normal Zone High Zone 

1950 - - - 
1960 - - - 
1970 40,030 38,676 1,343 
1980 61,098 59,032 2,049 
1997 97,268 93,970 3,271 
2000 101,734 97,725 3,978 

a) TAZ data published in 2008 Comprehensive Plan 
 

Estimates of employment for each year between 2000 and 2010 were interpolated between the 2000 census value, 
the estimate for Years 2006, and the projection for Year 2010 that were presented in the 2008 Comprehensive Plan.  
Interim year estimates of employment are presented in Table 1-9. 

Table 1-9  Historical Employment - Interim Estimates - TAZ Data Allocated to Service Zones a) 

Year Total Service Area Normal Zone High Zone 

2000 101,734 97,725 3,978 

2001 100,486 96,631 3,824 

2002 99,238 95,537 3,670 

2003 97,990 94,443 3,516 

2004 96,741 93,349 3,362 

2005 95,493 92,255 3,208 

2006 94,245 91,161 3,055 

2007 97,713 94,617 3,066 

2008 101,182 98,072 3,078 

2009 104,650 101,528 3,090 

2010 108,118 104,983 3,101 
a) TAZ data published in 2008 Comprehensive Plan 
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The primary purpose for determining employment for the interim years is to correlate ICI water usage and metered 
consumption with employment and arrive at unit water demands.  From the data in Table 1-8 and Table 1-9 was 
assembled historical employment for each water service zone as presented in Table 1-10. 

Table 1-10 Historical and Estimated Employment by Service Zone - TAZ Data Allocated to Service Zones a) 

Year Total Service Area Normal Zone High Zone 

1950 - - - 

1960 - - - 

1970 40,030 38,676 1,343 

1980 61,098 59,032 2,049 

1997 97,268 93,970 3,271 

2000 101,734 97,725 3,978 

2006 94,245 91,161 3,055 
a) TAZ data published in 2008 Comprehensive Plan 

 

The list of employment data at each census year is appended by an estimated value for Year 2006; the value to 
which demand changes defined from Forecast Tracker will be added. 

1.3.2 Future Employment 
Employment projections were prepared for the Bloomington water service area based on data provided by the City 
Planning Department in the 2008 Comprehensive Plan and in the 2010 Forecast Tracker and in a manner similar to 
that performed for population projections.  

1.3.2.1 2008 Comprehensive Plan 
Projected employment for Bloomington, subdivided by TAZ as provided in the 2008 Comprehensive Plan, is 
presented in Table A-5 in Appendix A.   The future employment data for each TAZ was allocated to census tracts 
and to water service zones using an Industrial-Commercial-Institutional (ICI) land area ratio method similar to that 
described previously for allocating historical population.  The historical employment allocated to each census tract 
for census years since 1970 are presented in Table A-6 in Appendix A.  A summary of the historical employment 
for Bloomington for the census year 2000, the estimated interim employment for Year 2006, and the projected 
employment for years 2010, 2020 and 2030 are presented in Table 1-11. 

Table 1-11 Future Employment - TAZ Data Allocated to Service Zones a) 

Year Total Service Area Normal Zone High Zone 

2006 94,245 91,161 3,055 

2010 108,118 104,983 3,101 

2020 124,700 121,038 3,623 

2030 135,215 131,533 3,642 
a)  TAZ data published in 2008 Comprehensive Plan 
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The data in Table 1-11 shows that employment in Bloomington is expected to continue growing strongly; by 
approximately 1,600 employees per year from 2010 to 2020, and 1,100 employees per year from 2020 to 2030.  
The values for historical and projected employment within the Bloomington service area is presented graphically in 
Figure A-2 in Appendix A and in Figure 1-7. 
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Figure 1-7 Employment – 2008 Comprehensive Plan 

 
The data presented in Table 1-8, Table 1-9 and Table 1-10, and in Figure 1-7, show a significant downturn in 
employment during the recessionary periods after Year 2000, and a recovery underway by Year 2010.  It is 
interesting to note that in 1970 the number of employees within Bloomington was less than 50% the number of 
residents within Bloomington, but by 2000 the number of employees was approximately 15% greater than the 
number of residents.  Overall employment growth within Bloomington is projected to continue strongly; several 
times population growth.   

Nearly all growth, both population and employment, is predicted to occur within the Normal Zone.  

1.3.2.2 2010 Forecast Tracker   
The estimates of Bloomington employment presented in Table 1-11, based solely on projections in the 2008 
Comprehensive Plan, provide a generally good indication of the magnitude and trend of employment over time for 
each area identified.  The employment values for each area represent a summation of the employment defined for 
each TAZ, as allocated to each census tract or portion of a census tract that lies within that area.  Although the 
employment data in the 2008 Comprehensive Plan were reportedly consistent with the 2008 version of Forecast 
Tracker data, Forecast Tracker was updated in January 2010 and provided for use on this study. 

The 2010 Forecast Tracker lists 208 development changes expected to occur between Year 2006 and Year 2045.  
For each development feature listed a value is provided to indicate the magnitude of the planned development 
change, expressed in one of the development feature units listed in Table A-3 in Appendix A.  From each 
development feature value an equivalent population or employment demographic value was calculated based on 
either a household size factor or an employment density factor listed in Table A-3 in Appendix A.  The ICI-related 
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development features (hotel rooms or building floor area in square feet) were multiplied by the appropriate 
employment density factor to determine the employment changes due to Forecast Tracker development data.  The 
yearly employment changes and the future employment at planning milestone years as a result of Forecast Tracker 
development are presented in Table A-7 in Appendix A.  The future population for each water service zone at the 
planning milestone years of 2006, 2010, 2020 and 2030 are presented in Table 1-12. 

The employment estimates presented in Table 1-12 differ somewhat from those presented in Table 1-11 because of 
changes in development vision since the 2008 Comprehensive Plan was completed. A graphical comparison of the 
employment numbers for Bloomington according to the 2008 Comprehensive Plan and with those according to the 
2010 Forecast Tracker is presented in Figure 1-8.  

Table 1-12 Future Employment – Forecast Tracker Data Allocated to Service Zones 

Year Total Service Area Normal Zone High Zone 

2006 94,245 91,161 3,055 

2010 95,525 92,441 3,055 

2020 108,346 104,881 3,437 

2030 115,166 111,700 3,437 

 
 

 
Figure 1-8 Employment – 2008 Comprehensive Plan vs. 2010 Forecast Tracker 

 
The data in Table 1-11 and Table 1-12, and in Figure 1-8 indicate that the 2010 Forecast Tracker projects an 
employment level that is approximately 20,000 less at Year 2030 than does the 2008 Comprehensive Plan. 
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Chapter 2. Water Requirements 

2.1 General 
A fundamental part of developing an improvement program for water supply and distribution systems is the 
analysis of past water use and the projection of water use trends into the future.  Water use factors of concern in a 
study of the water system for the City of Bloomington are average use during an entire year, during each month, 
and during the day of maximum water use; and hourly fluctuations, including maximum hourly water use.  This 
chapter addresses existing and future water use for the City. 

2.1.1 Definitions 
Categories of metered use include that consumed by single-family (SF) and multi-family (MF) residential, hotel-
motel, large users, and other industrial-commercial-institutional (ICI) customers.  Categories of often non-metered 
and non-revenue-producing use include firefighting, system leaks, construction and street cleaning activities, and 
unauthorized withdrawals.   

Demand is a rate of water use defined as the total water consumed for a given period of time to meet required uses.  
For water system planning, key rates of water use, expressed in terms of equivalent volume used for a day, include: 

▪ Annual Average (AA) Demand; The total volume of water used during the year, divided by the number of 
days during that year. 

▪ Customer Demand; The volume of water delivered at the customer service points, measured by the customer 
meters and consumed by the customer. 

▪ Maximum Month (MM) Demand; The maximum volume of water used during a single calendar month, 
divided by the number of days during that month. 

▪ Maximum Day (MD) Demand; The maximum volume of water used during a single day of the year. 

▪ Maximum Hour (MH) Demand; The maximum volume of water used during a single hour, multiplied by 24 
hours. 

▪ Minimum Day (MinD) Demand; The minimum volume of water used during a single day. 

▪ Total Treated Water Supply; The volume of water that is withdrawn from the source of supply, treated and 
available for usage and plant processes. 

▪ Usage; The volume of water that is treated and delivered into the distribution system for the various uses. 

2.1.2 Criteria 
A water utility must be able to supply water at rates that fluctuate over a wide range.  Yearly, monthly, daily, and 
hourly variations in water use rates, as defined previously, occur in all water systems.  Water use is typically higher 
during hot, dry weather such as that the City experienced during 1988, 2001, 2003 and 2007.  Additionally, water 
use rates usually follow a daily (diurnal) pattern, typically being lowest at night and greatest in the early morning 
and late afternoon.  The importance of the key demand rates to the hydraulic design and operation of a water 
supply and distribution system are as follows: 
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▪ AA Demand: The annual average day rate is used primarily as the basis from which to estimate maximum day 
and maximum hour demands.  The average day rate is also used to estimate future revenues and operating 
costs. 

▪ MM Demand: The average rate of use during the maximum month often indicates the period in which the 
maximum day use rate will be found.  It also indicates the season of prolonged elevated use, which may be 
useful in evaluating the ability of the source of supply to yield adequate quantities of water over extended 
periods. 

▪ MD Demand:  The maximum day rate is used to size water supply and treatment facilities, and booster 
pumping stations when equalization storage is properly sized.  The MD demand distribution is combined with 
fire flow demand at selected locations to assess the hydraulic capacity of the distribution system to 
satisfactorily serve fire demand.  

▪ MH Demand:  The greatest demands on a water system are generally experienced for short periods of time 
during the maximum (or near-maximum) demand day.  These peak demands are referred to as maximum hour 
demands.  Although the duration of these extreme demands is relatively short, the rate of use during the 
maximum hour period imposes usually the greatest stress on the capabilities of the distribution system 
pumping stations, pipelines, and storage.  Since minimum distribution system pressures usually occur during 
maximum hour, the sizes and locations of distribution facilities are generally determined based on this 
condition.  Maximum hour water requirements are met by a combination of discharge from the treatment and 
high service pumping facilities and from strategically located system storage.  The use of system storage 
minimizes the required capacity of transmission mains and permits a more uniform and economical operation 
of the water supply, treatment, and pumping facilities. 

▪ MinD Demand: Minimum day and other low rates of usage are becoming increasingly significant relative to 
issues of water age in the distribution system.  Water age and temperature are key contributors to degradation 
of water quality in the distribution system. 

Because water use characteristics vary between water systems, historical water production records and metered use 
records for the system being studied are used as the primary basis for predicting future requirements. 

2.2 Historical Water Use 
The quantity of water used within a service area depends primarily on the population being served and the extent of 
commercial and industrial activities within the service area.  Primary indicators of overall use are water production 
records generated from supply meters, and customer use records generated from customer service meters. 

2.2.1 System Usage 
Recorded Usage   
The City provided data from its treated water production and water purchase records which defined for each day 
from January 1, 2000 through December 31, 2009 the daily volumes of system usage (water delivered to 
distribution).  This data was combined with information presented in previous master plans to assemble a record of 
water usage rates for years 1971 through 2009, as presented graphically in Figure 2-1.  The usage values depicted 
in Figure 2-1 are presented in Table B-1 in Appendix B. 
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Figure 2-1 Historical Usage Rates 

 
The water use shown in Figure 2-1 indicate a noticeable shift in magnitude of values and slope of the trend lines 
when comparing the period before 1989 with that beginning in 1989.  This period of change coincides with several 
occurrences related to consumer water use habits and needs that may in combination explain the shift, including: 

▪ Unusually high demands during extended hot, dry weather in 1987 and 1988 may have encouraged reduction 
and greater control of irrigation uses. 

▪ Maturing of tree canopies approximately 30 years after most residential development occurred may have 
begun reducing irrigation need. 

▪ Gradual replacement of plumbing fixtures with water saving units may have begun reducing indoor water use. 

▪ Generally flat or slightly negative population and employment altered the rate of growth in demand. 

Because water use patterns beginning in 1989 better indicate the character of the current Bloomington service area, 
this report will focus on the usage data after 1988 as a guide for projecting future demands. 

As shown in Table B-1, average day water use in the Bloomington system increased from approximately 11 mgd 
in 1990 to 12.5 mgd in 2009; an average increase of about 0.08 mgd per year.  The data also indicate that annual 
water use is materially affected by quantity and frequency of rainfall in a given year.  In dry years (1988, 2003 and 
2007) the average day water use is typically higher than in the preceding and following years.  On Figure 2-1, the 
graphed values of average day, maximum day and maximum hour for these years indicate a trend of likely 
maximum usage rates during dry periods.   
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Because five full years (2004 through 2009) of customer consumption data was available for analysis, an indicator 
was needed of which year would provide the better data for developing unit demands and peaking factors 
representative of a high demand period.  The data in Figure 2-1 show that year 2007 annual average usage was 
similar to the annual average demand for the high demand year 2003, and the year 2007 maximum hour usage was 
similar to maximum levels in the high demand year 2003. This makes 2007 data a good basis for developing unit 
demands and peaking factors which establishes year 2007 as Base Year, demands for which will be factored up to 
represent 2003 conditions. 

The data in Table B-1 indicate that from 1989 to 2009 the MD:AA ratio ranged from 1.74 to 2.66, averaging 2.25, 
and the MH:AA ratio ranged from 3.18 to 4.16, averaging 3.62.  These factors are for overall system usage defined 
by records of water delivered to distribution.  As discussed later in this chapter, an evaluation of customer meter 
data supplied by the City reveals that unique ratios occur for each service zone, with typically higher ratios in the 
areas that are more residential in nature.  

Overall Unit Usage   
The data depicted in Figure 2-1 and presented in Table B-1 in Appendix B indicate a trend in usage that is 
dependent on both demographic growth and usage rates per demographic unit (i.e., person or employee).  As 
discussed later in this chapter, projections of future usage will be generated from unit customer demand 
(consumption) and various other factors, primarily so that a more detailed assessment of demand and accurate 
demand allocation to the distribution system model can be achieved.  Historic values for and trends in overall unit 
usage rates will serve as a benchmark for assuring that demand projections result in realistic overall usage 
projections.  The overall unit usage rates are calculated by dividing the overall usage by the population at the time 
the usage occurred.  The values for annual average, maximum day and maximum hour usage are depicted 
graphically in Figure 2-2, Figure 2-3, and Figure 2-4, respectively. 

The values presented in Figure 2-2, Figure 2-3, and Figure 2-4 were calculated based on usage values and 
Bloomington service area population presented in Table B-2 in Appendix B.  These figures show unit usage in 
high demand years (1988, 2003, and 2007) as peak values that set the trend for calculating and projecting likely 
maximum usage rates. 

Potential Usage for Base Year (2007) Development 
A review of the key usage rates and peaking factors for the years 2000 through 2009 indicate that this period is 
generally representative of the spectrum of usage rates experienced over the period of focus (1989 through 2009).  
Therefore, daily usage data for the years 2000 through 2009 was processed to generate data that defines a probable 
range of potential usage for Base Year (2007) development levels, thereby providing a basis for later setting design 
unit demands and peaking factors.  Historic daily total usage volumes for years 2000 through 2009 are presented in 
Figure 2-5. 
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 Figure 2-2 Historical Overall Unit Usage – Annual Average Day 

The maximum day values are depicted graphically in Figure 2-3. 
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Figure 2-3 Historical Overall Unit Usage – Maximum Day 

 
The maximum hour values are depicted graphically in Figure 2-4. 
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Figure 2-4 Historical Overall Unit Usage – Maximum Hour 
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Figure 2-5 Historical Daily Usage 

 

The water usage patterns and trends shown on Figure 2-5 indicate annual, seasonal and short-term variability 
driven by weather induced irrigation, but do not clearly indicate a probable maximum usage for current 
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development (i.e., the basis for Base Year usage).  To estimate the probable maximum usage for Year 2007, the 
usage values for each date in 2000 through 2009 were adjusted to account for the annual growth in development 
that has occurred in each year since the usage occurred.  The resulting data set provided 10 separate values (one for 
each year) that define what the usage would have been on that date had 2007 development levels (population) 
existed on that date in the actual year of usage in combination with the other conditions that did exist on that date in 
the prior year.  For each date the maximum of the ten yearly values was selected and defined as the probable 
maximum usage for 2007 development (Max) for that date.  A year’s worth of daily values for 2007 Max are 
presented in Figure 2-6 with the other values generated from each set of yearly data. 
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Figure 2-6 Potential Maximum Daily Usage – 2007 Development 

 
Although the Max curve for 2007 development depicted in Figure 2-6 indicates some short-term variability, it 
generates a more uniform envelop of values than any of the yearly curves.  The 2007 Max curve serves as a visual 
indicator of the magnitude of the potential maximum usage for each date in Base Year (2007). 

Using an approach similar to that described previously for estimating the potential maximum usage, an estimate 
was also made for the potential minimum usage and the probable long-term average usage for each date in Base 
Year (2007).  The resulting plots of the potential maximum and minimum and the probable long-term average 
usage for Base Year (2007) are presented in Figure 2-7 with actual usage for year 2007.  
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Figure 2-7 Potential Daily Usage Parameters – 2007 Development 

Additionally, the annual average usage for each year 2000 through 2009 was similarly adjusted to estimate the 
annual average usage that would have occurred had 2007 development levels existed during that prior year in 
combination with the other conditions that did exist during that prior year.  The adjusted values are presented in 
Table 2-1. 

Table 2-1 5-Year Usage Adjusted to Base Year (2009) Development 

Year Annual Average Usage, mgd Ratio                 
Year:Average Actual Adjusted to 2007 

Development 

2000 11.78 12.02 0.93 

2001 11.70 11.97 0.93 

2002 11.91 12.23 0.95 

2003 13.84 14.27 1.11 

2004 12.57 13.01 1.01 

2005 12.42 12.91 1.00 

2006 13.09 13.66 1.06 

2007 13.22 13.59 1.05 

2008 12.70 12.87 1.00 

2009 12.58 12.58 0.97 

Average - 12.91 - 
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A review of the values presented in Figure 2-7 and Table 2-1 provides a basis for the following observations and 
guidelines for setting system capacity criteria and projecting operating costs: 

▪ The actual annual average usage for year 2007 is similar to the Year 2003 annual average usage adjusted to 
2007 development.  Also, the actual daily values of usage for 2007 are generally similar to those for the long-
term average.  Therefore Year 2007 customer meter data would provide a good basis for generating high 
demand-year annual average unit demands. 

▪ The potential usage on a given date is likely to range up to about 23 percent above or below the long-term 
average for that date during the winter months, about 90 percent during the spring and fall months, and about 
71 percent during the summer months. 

▪ Long-term average demand would be a good basis for projecting long-term operating costs. 

▪ For any given year, the annual average usage for that year could range from about 11 percent above to about 7 
percent below the long-term average usage estimated for the development level for that year. 

▪ Annual average usage for a “dry” (high demand) year (11 percent above the long-term annual average) 
provides the basis for design unit demands.  Factoring these “dry-year” unit demands by demographics, 
appropriate peaking factors and other ratios will define the key usage and water supply/production rates that 
will need to be served during high-use dry periods.   

Variations in Daily Usage 
Because daily variations in usage are driven by weather-induced irrigation needs and by economic activity within 
the service area, daily variation in usage is typically greater in some seasons (months) than in others.  Although 
values for monthly maximum day usage are needed for reliable system planning, only production metering 
provides daily values, and customer meter data must be correlated with production meter data to estimate monthly 
maximum day demand and usage.  To achieve that in this study, values for monthly average day (MAD) usage and 
monthly maximum day (MMD) usage were determined for each year 2000 through 2009, and a MMD:MAD 
factor calculated for each month of each year.  From the ten monthly values a representative MMD:MAD factor 
was identified for each month.  The representative MMD:MAD factors are presented on Figure 2-8. 
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Figure 2-8 Historical MMD:MAD Ratios - Usage 



CHAPTER 2. WATER REQUIREMENTS 
 City of Bloomington 2010 Water System Master Plan  

 

Page  2-10 January 2011 Black & Veatch 

The values for MMD:MAD depicted in Figure 2-8 are presented in Table B-3 bound in the Appendix B. 

2.2.2 Distribution of Usage to Service Zones 
The current Bloomington service area is subdivided into 2 service zones which are supplied water by high service 
pumps at the water treatment plant, and/or booster pumps at the 82nd Street Reservoirs into which Minneapolis 
supply is delivered.  The portion of total usage that is distributed to each service zone is not summarized in system 
operations reports.  However, using customer meter data the annual average demand for each service zone was 
developed for 2007 and used to estimate the annual average usage apportioned to each service zone.  The estimated 
usage delivered to each service zone is presented in Table 2-2. 

Table 2-2 Current Usage by Service Level (2007) 

Service Level / Users Annual Average Usage 

mgd % Total 

Normal Zone 11.60 87.8 

High Zone 1.62 12.2 

Total Service Area 13.22 100.0 
 

Although the relative distribution of water to the service zones is dynamic, changing with season, weather and 
economic activity, the data in Table II-2 indicate the relative portion of total service area usage required by each 
service level. 

2.2.3 Customer Demand 
Water consumption data from customer records show the quantity and patterns of use for water sold within each of 
the various customer classifications.  This information is fundamental to determining unit water demands needed 
later for projecting and allocating future demands.   

Customer Classification 
Consumption data was consolidated into three primary customer classes, two of which were further subdivided into 
subcategories as follows: 

▪ Residential: Includes water consumed in residences. 

 Single- family: Includes use in dwelling units served by individual meters; primarily one-family homes 
and townhomes.  This component will be correlated with single-family (SF) population to determine SF 
unit demand. 

 Multi-family: Includes use where several dwelling units are served by one meter; primarily apartments and 
condominiums.  This component will be correlated with multi-family (MF) population to determine MF 
unit demand. 

▪ Commercial: Includes water used in office buildings, shopping malls, hotels, schools, churches, hospitals, and 
industries, and for larger irrigation purposes. 
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 Hotel-Motel: Commercial accounts serving hotel and motel customers.  Demand for this significant 
portion of the commercial customer base will be more appropriately correlated to number of rooms and 
facility type. 

 Large Users: Commercial accounts with annual average consumption of 50,000 gal per day or greater.  
Demand for each customer will be addressed individually. 

 Other ICI:  Commercial accounts with annual average consumption of less than 50,000 gal per day.  This 
component will be correlated with employment to determine commercial unit demand. 

▪ Wholesale: Includes water use by other utilities that purchase water from the City through master metering 
stations.  Bloomington currently provides no wholesale water. 

Meter size was not a parameter in consumption analysis. 

Spatial Location   
The City provided spatial location attributes as part of the customer meter data.  The locations of the customer 
meters were plotted with lot line imagery to provide a visual representation of the spatial correlation of customer 
meter location with current developed areas to assess that allocation of consumption to the service levels, planning 
areas and other sub-areas used in this study would be representative.  The location of customer meters was also 
used to allocation demand to the distribution system model.  

Total System Demand 
The City provided annual sales data for all customers category for years 2004 through 2009.  This was combined 
with similar sales data reported in previous studies to generate the summary historical metered sales by primary 
customer category presented in Table B-4 in Appendix B and in Figure 2-9. 

The patterns of consumption volumes presented in Figure 2-9 are consistent with the patterns of annual average 
usage rates presented in Figure 2-1.  This reinforces the observation that greater water use occurs during the high 
demand years (1988, 2003, and 2007), and peak rates of use occurring during these high demand periods defines a 
trend of likely maximum water use, a primary criteria for needed system capacity. 
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Figure 2-9 Historical Customer Consumption 
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Water use within the Bloomington is predominantly residential.  However, the percentage of water sold to 
commercial customers has been gradually increasing, as demonstrated by data presented in Table B-4 in Appendix 
B and in Figure 2-10. 
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Figure 2-10 Historical Proportion of Consumption by Customer Category 

In the early 1970’s, commercial sales accounted for about 30 percent of total annual sales.  By the late 1980’s it 
had reached 35 percent, and by 2000 had reached almost 40 percent.  Brief percentage declines, like that in 2003, 
may be attributable to greater irrigation demand by residential customers, and in 2009 to recessionary effect on 
commerce.  

The City also provided monthly consumption data for all customer accounts for the period from 2004 through 
2009.  For this study the customer consumption data for the year 2007 was selected for evaluation.  All meters 
could be geospatially located, and the consumption data were subdivided and summed by customer category and 
service zone as presented in Table 2-3. 

A review of the percentage values  indicates that allocation of annual consumption to the service zones during 
2007, a representative high demand year, are generally consistent with those for the driest months of July and 
August of that year.  Additionally, the proportion of consumption by the various customer categories during all of 
2007 is similar to that during July and August 2007, as presented in Figure 2-11. 
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Figure 2-11 Annual vs Summer Consumption by Customer Category - 2007 

These findings substantiate that spatial allocation of demand developed from annual 2007 annual usage data, 
would generate service zone demands that would be representative of maximum month and maximum day spatial 
allocation of demand.    
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Table 2-3 Customer Consumption by Service Level 

Service Level / 
Users 

Year 2007 Customer Consumption 

Residential, mgd Commercial, mgd 
Wholesale, 

mgd 

Total 

SF MF Subtotal 
Hotel 
Motel 

Large 
Users 

Other 
ICI 

Subtotal mgd 
% Service 

Area 

Normal Zone 4.53 1.85 6.38 1.00 0.78 2.19 3.98 0.00 10.36 87.7 

High Zone 1.03 0.34 1.37 0.00 0.00 0.08 0.08 0.00 1.46 12.3 

Total Service 
Area 

5.56 2.20 7.75 1.00 0.78 2.27 4.06 0.00 11.81 100.0 

 

Service Level / 
Users 

July-August 2007 Customer Consumption 

Residential, mgd Commercial, mgd 
Wholesale, 

mgd 

Total 

SF MF Subtotal 
Hotel 
Motel 

Large 
Users 

Other 
ICI 

Subtotal mgd 
% Service 

Area 

Normal Zone 7.55 2.81 10.36 1.41 1.09 3.86 6.36 0.00 16.71 86.6 

High Zone 1.83 0.59 2.42 0.00 0.00 0.16 0.16 0.00 2.59 13.4 

Total Service 
Area 

9.38 3.40 12.78 1.41 1.09 4.02 6.52 0.00 19.30 100.0 

 

Service Level / 
Users 

Year 2007 Customer Consumption, % Total 

 

Residential Commercial 

Wholesale Total 
SF MF Subtotal 

Hotel 
Motel 

Large 
Users 

Other 
ICI 

Subtotal 

Normal Zone 43.7 17.9 61.6 9.7 7.6 21.2 38.4 0.0 100.0 

High Zone 70.7 23.6 94.3 0.0 0.0 5.7 5.7 0.0 100.0 

Total Service 
Area 

47.0 18.6 65.6 8.5 6.6 19.3 34.4 0.0 100.0 

 

Service Level / 
Users 

July - August 2007 Customer Consumption, % Total 

Residential Commercial 

Wholesale Total 
SF MF Subtotal 

Hotel 
Motel 

Large 
Users 

Other 
ICI 

Subtotal 

Normal Zone 45.2 16.8 62.0 8.5 6.5 23.1 38.0 0.0 100.0 

High Zone 70.8 22.9 93.7 0.0 0.0 6.3 6.3 0.0 100.0 

Total Service 
Area 

48.6 17.6 66.2 7.3 5.6 20.8 33.8 0.0 100.0 

Design demand for high demand (dry), long-term average, and low demand (wet) periods would be generated by 
applying appropriate adjustment factors to the 2007 demands. 
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Residential Demand   
An accurate definition of residential water use by its associated population is fundamental to defining 
representative unit residential demand factors.  The water use by SF dwellings must be assessed separately from 
that used by MF dwellings because typically the unit demands and peaking factors differ substantially.  Overall, 
within Bloomington approximately 75 percent of the population resides in SF dwellings and 25 percent in MF 
dwellings.  The Normal Zone is characterized similarly; however the high zone population is housed 
approximately 67% in SF dwellings and 33% in MF dwellings.  Proportions of consumption for SF and MF 
residential customers differ somewhat from these values because unit demands for dwelling type and location 
differ.   

The monthly consumption data provided by the City was assessed to define seasonal consumption patterns for SF 
residential users.  Because meters for SF residential customer accounts are read bi-monthly, the annual 
consumption volume for SF residential customers was subdivided to bi-monthly periods presented in Table 2-4. 

The monthly consumption data provided by the City was also assessed to define seasonal consumption patterns for 
MF residential users.  To remain consistent with the assessment of SF residential consumption, the annual 
consumption volume for MF residential customers was subdivided to bi-monthly periods presented in Table 2-5. 

The data in Table 2-4 and Table 2-5 show generally consistent seasonal patterns of consumption from service zone 
to service zone, and from year to year, except for somewhat greater summer demands for SF residential due to 
greater irrigation need. 

Commercial Demand 
Hotel-Motel Customers   

A significant portion of total water consumption within the Bloomington service area has been and will continue to 
be by associated with the hotel-motel industry, located largely near the Mall of America.  To determine accurate 
unit demands for all Other Commercial customers, as discussed in a following paragraph, the water consumption 
for the Hotel-Motel customers was removed from the calculations and the Hotel-Motel demands were projected 
separately.  From the customer accounts data supplied by the City, annual water consumption was determined for 
each facility for the purpose of later defining a unit demand for the hotel-motel customer base.  From Hotel-Motel 
36 accounts, the historical consumption for 34 facilities is identified in Table 2-6. 

 Table 2-4 SF Residential Customer Consumption by Service Level 

 

 

Service Level 
Year 2007 SF Residential Consumption, mill gal 

Jan-Feb Mar-Apr May-Jun Jul-Aug Sep-Oct Nov-Dec Total 

Normal Zone 185 188 396 460 244 178 1,652 

High Zone 38 39 95 112 55 37 376 

Total Service Area 224 227 491 572 299 215 2,028 

 

Service Level 
Year 2007 SF Residential Consumption, % Total 

Jan-Feb Mar-Apr May-Jun Jul-Aug Sep-Oct Nov-Dec Total 

Normal Zone 11.2 11.4 24.0 27.9 14.8 10.8 100.0 

High Zone 10.2 10.4 25.2 29.7 14.7 9.8 100.0 

Total Service Area 11.0 11.2 24.2 28.2 14.7 10.6 100.0 
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Table 2-5 MF Residential Customer Consumption by Service Level 

Service Level 
Year 2007 MF Residential Consumption, mill gal 

Jan-Feb Mar-Apr May-Jun Jul-Aug Sep-Oct Nov-Dec Total 

Normal Zone 89 77 137 171 118 84 677 

High Zone 13 12 29 36 21 13 125 

Total Service Area 102 89 166 207 139 97 802 

 

Service Level 
Year 2007 MF Residential Consumption, % Total 

Jan-Feb Mar-Apr May-Jun Jul-Aug Sep-Oct Nov-Dec Total 

Normal Zone 13.2 11.4 20.3 25.3 17.4 12.5 100.0 

High Zone 10.7 9.7 23.4 28.8 17.1 10.3 100.0 

Total Service Area 12.8 11.1 20.8 25.9 17.4 12.1 100.0 

 

Table 2-6 Hotel-Motel Customer Consumption by Service Level 

Service Level 
Year 2007 Hotel-Motel Consumption, mill gal 

Jan-Feb Mar-Apr May-Jun Jul-Aug Sep-Oct Nov-Dec Total 

Normal Zone 50 49 69 86 66 46 366 

High Zone 0 0 0 0 0 0 0 

Total Service Area 50 49 69 86 66 46 366 

 

Service Level 
Year 2007 Hotel-Motel Consumption, % Total 

Jan-Feb Mar-Apr May-Jun Jul-Aug Sep-Oct Nov-Dec Total 

Normal Zone 13.6 13.5 18.7 23.6 18.1 12.4 100.0 

High Zone        

Total Service Area 13.6 13.5 18.7 23.6 18.1 12.4 100.0 

 

Large Users   

A portion of total water consumption within Bloomington’ service area has been and will continue to be associated 
with large water users whose water use rates and patterns justifies individual accounting.  To determine accurate 
unit demands for all Other Commercial customers, the water demand for the Large Users were removed from the 
calculations and the Large User demands were projected individually.  From the customer accounts data supplied 
by the City, annual water consumption for all commercial customers was totaled and the totals queried to 
determine those customers whose average use exceeds the rate of 50,000 gallons per day (gpd).  This level of use 
in itself justifies individual accounting.  A total of 17 customer accounts registered more than 50,000 gpd on an 
average basis.  Of those, 1 was an apartment complex and 7 were Hotel Motel customers removed from the Large 
User group and evaluated as described above for MF residential and Hotel-Motel customers, respectively.  The 
remaining 9 accounts are attributed to 3 customers; 4 accounts to Mall of America, 3 to Seagate technologies, and 
2 to Cypress Semiconductors.  The service level and historical consumption for these 3 Large Users is identified in 
Table 2-7. 
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Table 2-7 Large User Consumption by Service Level 

Service Level 
Year 2007 Large User Consumption, mil gal 

Jan-Feb Mar-Apr May-Jun Jul-Aug Sep-Oct Nov-Dec Total 

Normal Zone 42 43 49 66 50 36 286 

High Zone 0 0 0 0 0 0 0 

Total Service Area 42 43 49 66 50 36 286 

 

Service Level 
Year 2007 Large User Consumption, % Total 

Jan-Feb Mar-Apr May-Jun Jul-Aug Sep-Oct Nov-Dec Total 

Normal Zone 14.6 14.9 17.3 23.2 17.3 12.7 100.0 

High Zone        

Total Service Area 14.6 14.9 17.3 23.2 17.3 12.7 100.0 

 

Other ICI Customers   

Consumption for the remaining commercial customers, a combination of industrial, commercial and institutional 
(ICI) entities, was determined for the purpose of later defining a system-wide employee unit water demand for this 
diverse group of customers whose water use is generally associated with employee’s work-time water needs.  
Water use for Other ICI commercial customers was determined by subtracting from the total commercial 
consumption the consumption by the 34 Hotel-Motel customers and the 3 Large Users identified previously.  The 
consumption for the Other ICI commercial customers is presented in Table 2-8. 

Table 2-8 Other ICI Customer Consumption by Service Level 

Service Level 
Year 2007 Other ICI Consumption, mil gal 

Jan-Feb Mar-Apr May-Jun Jul-Aug Sep-Oct Nov-Dec Total 

Normal Zone 42 43 49 66 50 36 286 

High Zone 0 0 0 0 0 0 0 

Total Service Area 42 43 49 66 50 36 286 

 

Service Level 
Year 2007 Other ICI Consumption, % Total 

Jan-Feb Mar-Apr May-Jun Jul-Aug Sep-Oct Nov-Dec Total 

Normal Zone 14.6 14.9 17.3 23.2 17.3 12.7 100.0 

High Zone        

Total Service Area 14.6 14.9 17.3 23.2 17.3 12.7 100.0 

  

Wholesale Demand  
As demonstrated by data in Table B-5 in Appendix B and in Figure 2-9, The City of Bloomington has never been a 
wholesaler of water.  For the purpose of this report, wholesale demand in future years will continue to be assumed 
to be zero.  If a substantial new wholesale customer emerges, the ability to supply the requested volume will need 
to be reassessed. 
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2.2.4 Non-Revenue Water   
In any utility, the volume of water sold is typically less than the volume delivered to the distribution system.  The 
difference between the volume of water delivered to the system and the volume of water sales is referred to as non-
revenue water (NRW); that is, the usage for which no revenue is gained.  This category of water use is generally 
attributed to a number of factors, including leakage from the distribution system, non-metered usage such as 
flushing and firefighting, unauthorized connections, water main breaks, and inaccuracies in meters.  As a means of 
monitoring system performance, the NRW component is generally expressed as a percentage of total usage.  The 
historical record of NRW experience by Bloomington is presented in Figure 2-12. 

The data presented in Figure 2-12 and the underlying volumes used to generate that data are presented in Table B-6 
in Appendix B.  Although the data seem to indicate that the NRW component has varied annually from near minus 
5 to almost 11 percent, these data may be misleading and need qualification as follows: 
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 Figure 2-12 Historical Non-Revenue Water 

▪ Actual negative NRW is not physically possible.  Negative calculated values suggest under-reporting of water 
delivered to distribution by master meters at the pumping stations. 

▪ The average NRW was an unusually low 0.4% through 2003, and a more realistic 7.4% after 2003; the year 
when WTP expansion was completed.  This suggests that master meter calibration improved at that time. 

▪ Yearly variability is normal, due to a) misalignment of customer meter reading with master meter reading, and 
2) variable consumption resulting from variable weather and environmental conditions combined with some 
portion of fixed NRW. 

The range of values for NRW  percentage are in line with an upper limit of 10 to 15 percent commonly recognized 
as typical for well-run water systems, and consistent with a normally desired goal of 10 percent for future planning.  
Although for this report future projections of usage will be based on a NRW component equal to a desired goal of 
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10 percent of consumption, the uptrend in NRW percentage indicated on Figure 2-12 suggests that this level may 
have been recently breached on average.  Therefore, during the next few years the City should continue monitoring 
NRW percentage and, if found greater than 10 percent on average, either take corrective action to remain within 
the planned 10 percent level, or adjust usage projections to account for a higher NRW percentage. 

2.2.5 Demand Patterns 
Planning and design of water supply, treatment and distribution works must consider not only average water use 
rates, but also short-term variations in demand that the water system components must be capable of serving.  
Seasonal and monthly demand patterns influence source selection and use, daily variations define supply and 
treatment works capacity, and shorter term peaks determine the capacity of pipelines, pumping stations and 
storage.  For systems that serve more than a few hundred customers, such as Bloomington’s system, demand rates 
for less than a one-hour period are usually unimportant. 

Annual Average Day  
The customer demand data in Table B-5 in Appendix B, which parallels the usage data in Table B-1 in Appendix 
B, show growth that is consistent with the demographic growth experienced during the same period.  For each year 
since 1977 the annual average (AA) day total demand was divided by the population at the time of the demand to 
generate overall unit demand values for each year.  Over that period these values, presented in Table B-7 in 
Appendix B, varied from 101 to 169 gallons per person per day over the period, with an upward bias over time.  
The year-to-year variations in unit demand are generally caused by climatic and economic variations, and are 
typically of a magnitude that can mask population gains over the short term. 

Monthly Variations   
Because the meters for accounts classified as single-family residential are read bi-monthly, the variations in usage 
volumes determined on a daily basis, factored to account for NRW, are the best indicator of monthly variations in 
overall customer demand.  The monthly average day (MAD) usage rates for years 2000 through 2009 are presented 
in Table B-8, expressed as a decimal fraction of the annual average usage, and are depicted in Figure 2-13 as a 
surrogate for MAD:AA demand peaking factors. 

Substantial seasonal variations in water use are evident.  The heavy summer water use associated with irrigation is 
apparent, as is the irregularity in the magnitude of the summer peaking factors due to variable rainfall and 
temperature patterns.  Regardless, Figure 2-13 shows that normally the maximum month demand is about 150 to 
180 percent of annual average demand, although it could be as high as 200 percent of annual average demand 
during abnormally hot, dry periods.  The maximum month is normally July or August, although for years when 
July and August are wetter and cooler than normal, the maximum month demand could occur during June or 
September.  In that summer peak use is driven by irrigation, this water demand pattern is consistent with summer 
weather in Bloomington which includes the highest monthly temperatures and periods of little precipitation.  The 
maximum month demand data for years 2003 through 2007 are presented in Table 2-9. 
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Figure 2-13 Historical Monthly Demand Variation – Total System 
 
 

Table 2-9 Historical Maximum Month Demand Factors 

Year Month Usage, mgd MM:AA 
Demand 

Ratio 
Annual Average 

(AA) 
Maximum Month (MM) 

2000 August 11.78 15.74 1.34 

2001 July 11.70 23.20 1.98 

2002 July 11.91 19.22 1.61 

2003 August 13.84 25.09 1.81 

2004 July 12.57 18.37 1.46 

2005 July 12.42 22.13 1.78 

2006 July 13.09 24.51 1.87 

2007 July 13.22 23.67 1.79 

2008 July 12.70 21.19 1.67 

2009 July 12.58 20.10 1.60 

 

Figure 2-13 also shows that normally the minimum month demand of about 70 percent occurs during the January 
to March period. 

The customer demand data for year 2007 was evaluated to generate unique MAD:AA ratios for each service zone.  
The values for 2007, presented in Figure 2-14, show the same general pattern throughout the year as in Figure 2-13 
for the entire system. 
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 Figure 2-14 Historical Monthly Demand Variation by Service Zone 

The values for each service zone differ from those for the overall system.  The High Zone, which is smaller and has 
a greater proportion of residential development than the Normal Zone, experiences greater variability in seasonal 
demand factors than does the Normal Zone.  

Maximum Day   
Maximum day demand varies with extremes of climate and number and type of customers.  The daily variations in 
usage volumes recorded in usage data, factored to account for NRW, are the best indicator of daily variations in 
overall customer demand.  The MD:AA usage ratios for years 1981 through 2009, presented in Table B-1 in 
Appendix B, and are depicted in Figure 2-15 as a surrogate for MD:AA demand peaking factors. 
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Figure 2-15 Historical Maximum Day Demand Factors – Total System 

Figure 2-15 shows MD:AA ratios of approximately 2.6  for the high demand year 1988 to 2.4 for high demand 
years 2003 and 2007 as peak values that set the trend for calculating projected maximum day demand.  Table 2-10 
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shows that maximum day demand for any given year generally occurs during July, but may occur anytime from 
May through August depending on the overall weather patterns for that year. 

Table 2-10 Historical Maximum Day Demand Factors 

Year Date 
Usage, mgd MD:AA Demand 

Ratio Annual Average (AA) Maximum Day (MD) 

2000 6-May 11.78 23.45 1.99 

2001 13-Jul 11.70 32.35 2.77 

2002 7-Jul 11.91 24.62 2.07 

2003 16-Aug 13.84 32.65 2.36 

2004 30-Jun 12.57 24.50 1.95 

2005 16-Jul 12.42 31.53 2.54 

2006 9-Jul 13.09 30.13 2.30 

2007 29-Jul 13.22 30.20 2.29 

2008 2-Jul 12.70 26.78 2.11 

2009 4-Jun 12.58 27.07 2.15 

Minimum Day   
Minimum day demand often occurs during the same January to March period that was identified previously for 
likely minimum month.  However, most any winter day with low economic activity (i.e., holiday and vacation 
periods) will experience low demand.  The date and volume of minimum day usage for each year was extracted 
from production records.  The minimum day and annual average day usage rates and their associated ratio for years 
2000 through 2009 are presented Table 2-11 as a surrogate for MinD:AA demand peaking factors. 

Table 2-11 Historic Minimum Day Demand Factors 

 
Year 

 
Day-Month 

Usage, mgd MinD:AA 
Ratio Ann Ave Day (AA) Minimum Day 

2000 6-May 11.78 6.76 0.57 

2001 a) 13-Jul 11.70 3.56 0.30 

2002 a) 7-Jul 11.91 1.76 0.15 

2003 16-Aug 13.84 8.16 0.59 

2004 30-Jun 12.57 8.32 0.66 

2005 16-Jul 12.42 8.25 0.66 

2006 9-Jul 13.09 8.11 0.62 

2007 29-Jul 13.22 7.56 0.57 

2008 2-Jul 12.70 7.94 0.63 

2009 4-Jun 12.58 7.65 0.61 

a) Unrealistic low value for Min Day.  Ignore ratio this year 

 
The MinD:AA peaking factor for years 2000 through 2009 are also presented in Figure 2-16. 
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Figure 2-16 Historical Minimum Day Demand Factors – Total System 

The peaking factor patterns shown in Figure 2-15 indicate that a MinD:AD peaking factor of about 0.58 would 
provide high confidence for projecting future minimum day demands. 

Diurnal Variation   
To provide satisfactory service, water system components must satisfy a wide range of demands that will occur 
daily.  These diurnal variations in water use occur in generally repeating patterns that reflect the generally repeating 
levels of activity within the service area.  To define these patterns for the Service Area, hourly SCADA data was 
provided by the City for targeted days experiencing maximum day and maximum hour demand during each year 
from 2004 through 2009.  For the two service zones and for the entire system, hourly demands were calculated 
from the SCADA data by summing the amount of water pumped into the service zone during the hour with the 
amount of water contributed from or removed to the distribution storage reservoirs during the hour.  The demand 
for each hourly period was then expressed as a ratio of the hourly demand to the average demand that occurred 
during that day (peaking factor), and a graphical plot was prepared of the hourly factors.  The graphical plot is 
known as the diurnal curve.  The individual daily diurnal curves were then superimposed to demonstrate 
representative demand patterns that occur during high-demand days and to define a design diurnal curve, which 
will be discussed later in this chapter. The diurnal curves that represent maximum day conditions in the current 
total system are presented in Figure 2-17. 
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Figure 2-17 Historical Diurnal Curves – Total System 

Diurnal curves for high-demand days in each of the service levels, for days when data produced clear patterns, are 
presented in Figures C-1.1 through C-1.3 in Appendix B.  The curves for each service zone reflect the unique 
characteristics of that portion of Bloomington’s service area, including required equalization storage volume, 
which will be addressed in a later chapter of this report, and maximum hour demand which must be served by a 
combination of pumping and contributions from storage.  The diurnal patterns, although unique in detail, exhibit 
general shapes commonly experienced during high-demand periods in other utility service areas that are similar to 
that of Bloomington.  That is, an initial peak demand usually occurs during the early morning (4 a.m. to 10 a.m.), a 
second peak demand occurs during the evening hours (7 p.m. to 10 p.m.), and slack demand during the other 
(afternoon hours and the night-time) hours.  It is believed that the a higher early morning peak is largely due to the 
use of automatic lawn irrigation systems that are set to operate in the agronomically-suggested early morning 
hours, which coincides with the period when most people in the service area are using water as they prepare to 
begin their daily activity.  Conversely, a higher evening peak suggests greater reliance on manual water systems 
that are largely operated at the end of the workday. 

Maximum Hour   
For each service zone, the diurnal curve identifies a greatest hourly demand factor at the peak of the curve, which is 
considered the maximum hour to maximum day (MH:MD) ratio.  When multiplied by the maximum day to annual 
average (MD:AA) factor, the product is the maximum hour to annual average (MH:AA) ratio.  To define the 
MH:AA factor for each service level during year 2007, the diurnal curves dated July 28 to July 30, 2007, were 
searched for the MH:MD peaking factor.  The values are 1.46 for the Normal Zone, 1.49 for the High Zone, and 
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1.47 for the total system.  The MD:AA, MH:MD and MH:AA ratios generated from operations data are presented 
in Table 2-12. 

Table 2-12 Maximum Peaking Factors by Service Level - 2007 

 
Service Level / Area 

Usage (Actual), mgd Peaking Factors   

Ann Ave Max Day Max Hour MD:AA MH:MD MH:AA 

Normal Zone 11.60 26.09 38.20 2.25 1.46 3.29 

High Zone 1.62 4.24 6.33 2.62 1.49 3.91 

Total Service Area 13.22 30.20 44.35 2.28 1.47 3.36 

These historic values will be considered when establishing future design values. 

2.2.6 Unit Demand 
Projections of future demand are fundamentally based on two criteria.   

▪ Measures of Development 

▪ Unit Demand 

Further, one of two approaches based on different units of measure are used to generate demand projections for a 
given time period. 

▪ Demographic 

▪ Land Area 

Both approaches may be used for different time periods where most appropriate given the available data and the 
desired precision of results.  The demographic approach is normally used for projecting demand for a period for 
which projections of population and employment demographics have been developed.  The land area approach 
may be used to estimate potential demand at buildout for the entire service area, particularly when population and 
employment have not been estimated.  For this study, only the demographic approach is performed for the years 
2010 through 2030, the defined study period, based on demographics and development feature units established in 
Chapter 1. 

Unit demands based on annual average day metered water use were developed to facilitate calculation of future 
water demands, and allocation of those demands to the distribution system model based on patterns and densities 
of future demographics and development feature units.  Unit demands are based on customer consumption and do 
not include non-revenue water, which must be accounted for separately by factoring demand values, as described 
previously. 

Demographic Unit Demand   
Two unit demands were developed, one for each of the primary demographic classes.   

▪ Residential Unit Demand; A residential customers unit demand was developed using the population 
demographic. 

▪ Commercial Unit Demand; A commercial customers unit demand was developed using the 
industrial/commercial/institutional demographic of employment.   
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Demographic unit demands were not developed for Hotel-Motel and Large User commercial customers.  The 
approach for these customers will be described later.  An overall unit demand based on total water usage by all 
customer categories and on service area population was developed to demonstrate the overall trend in community 
water use. 

Overall Unit Demand   

A yearly record of overall unit demand for Bloomington’s total system was generated by dividing the yearly values 
of total system customer demand by yearly values of service area population.  The demand and population data 
used for these calculations are presented in Table B-4 in Appendix B.   The results of these calculations, expressed 
as gallons per capita per day (gpcd), are an overall per capita unit demand for the total system.  The results are 
presented as data in Table B-9 in Appendix B and graphically in Figure 2-18. 

The unit demands shown in Figure 2-18 indicate a noticeable shift in magnitude of values and slope of the trend 
lines when comparing the period before 1989 with that for 1989 and later.  This period of change coincides with 
several occurrences explained previously in this Chapter.  Because water use patterns beginning in 1989 better 
indicate the character of the current Bloomington service area, this report will focus on the unit demand data 
beginning in 1989 as a guide for projecting future demands.   
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Figure 2-18 Historical Overall Unit Demand – Total System 

Figure 2-18 shows that for 1989 to 2009 the long-term trend in overall unit demand has been slightly upward with 
most peaks (high demand-years) at approximately 150 gallons per capita per day. 

Residential Unit Demand   

The residential portion of the overall system demand is an important factor in determining the design criteria for 
projecting future water demands.  As shown in Figure 2-10, about 60 percent of total consumption is currently by 
residential customers.  To generate an accurate record of historical residential unit demand for Bloomington the 
residential-metered consumption was divided by the population defined in Chapter 1.  The data for calculating 
residential unit demand for years 1977 through 2009 is presented in Table B-4 in Appendix B.  The results of these 
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calculations, expressed as a per capita unit demand, are presented as data in Table B-9 in Appendix B and 
graphically in Figure 2-19. 
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Figure 2-19 Historical Residential Unit Demand – Total System 

 The unit demands shown in Figure 2-18 indicate a noticeable shift in magnitude of values and slope of the trend 
lines when comparing the period before 1989 with that for 1986 and later.  This period of change coincides with 
several occurrences explained previously in this chapter.  Because water use patterns beginning in 1989 better 
indicate the character of the current Bloomington service area, this report will focus on the unit demand data 
beginning in 1989 as a guide for projecting future demands.  Figure 2-19 shows that for 1989 to 2009 the long-term 
trend in residential unit demand has been slightly upward with most peaks (high demand years) approximately 
level at about 95 gallons per capita per day. 

Residential unit demand can vary widely from one area to another depending on the ages of the homes and 
landscaping, the sizes of the lots, the economic status of the residents, and other intangible factors.  Year 2007 
metered sales records provided by the City are the basis for historic residential unit demands generated for each 
service zone in Bloomington, which are summarized in Table 2-13. 

 Table 2-13 Historical Residential Unit Demands 

Year 

SF Residential Unit Demand, 
gal/person/day 

MF Residential Unit Demand, gal/person/day 

Normal 
Zone 

High Zone 
Total            

Service Area 
Normal 
Zone 

High Zone 
Total              

Service Area 

2005 80 95 83 83 74 82 

2006 90 108 93 87 80 86 

2007 89 106 92 87 83 86 

2008 83 100 86 92 76 89 

2009 83 100 86 87 78 86 

 

The data presented in Table 2-13 show that SF residential per capita water use is typically greater in the High Zone 
than in the Normal Zone.  This characteristic suggests a greater percentage of higher average income households 
and newer subdivisions, which tend to support greater use of irrigation water. 
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Evaluations conducted during master plans for other communities have indicated that residential water 
consumption in newly established subdivisions are generally higher than in longer-established areas.  However, the 
long-term data suggested that per capita water consumption does not remain at these high levels indefinitely.  From 
that analysis it appears that water use in newly established areas begins dropping after about 10 years.  This seems 
consistent with the concept that homeowners in newly constructed homes consume large volumes of water while 
establishing new lawns and landscaping.  However, once a mature tree canopy is established, water consumption 
decreases by about 10 percent.   

Commercial Unit Demand   

Unit demand is generally a reliable basis for projecting and allocating future demand for commercial customers 
that are largely service-oriented and whose activity and water use is generally tied to number of employees.  To 
generate an accurate record of historic commercial unit demand for Bloomington the commercial-metered 
consumption was divided by employment as defined in Chapter 1.  The data for calculating commercial unit 
demand for years 1977 through 2009 is presented in Table B-4 in Appendix B.  The results of these calculations, 
expressed as a per employee unit demand, are presented as data in Table B-9 in Appendix B and graphically in 
Figure 2-20. 
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 Figure 2-20 Historical Commercial Unit Demand 

Because water use patterns beginning in 1989 better indicate the character of the current Bloomington service area, 
this report will focus on the unit demand data beginning in 1989 as a guide for projecting future demands.  Figure 
2-20 shows that for 1989 to 2009 the long-term trend in commercial unit demand has been generally steady with 
peaks (high demand years) approximately level at about 45 gallons per employee per day, other than an infrequent 
extreme. 
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Commercial unit demand can vary widely from one area to another depending on the ages of the businesses and 
landscaping, the sizes of the lots and amount of landscaping, the economic status of the businesses, and other 
intangible factors.  Metered sales records for Years 2004 through 2009 provided by the City are the basis for 
historical commercial unit demands generated for each service zone in the City, which are summarized in Table 2-
14. 

 Table 2-14 Historical Commercial Unit Demands – Overall 

Year 
Overall ICI Unit Demand, gal/employee/day 

Normal Zone High Zone 
Total                 

Service Area 

2005 40 24 40 

2006 43 28 42 

2007 42 27 42 

2008 39 26 39 

2009 36 24 35 

 
The data presented in Table 2-14 shows that commercial unit water demand is noticeably higher in the Normal 
Zone.  This is likely due to a greater proportion of high use customers, including the Hotel-Motel and the Large 
Users groups which are located exclusively within the normal Zone. 

Hotel-Motel Unit Demand   
Unit demands for the Hotel-Motel component of commercial demand can be reliably based on consumption per 
room.  Two categories of facility type were established, including: 

▪ Limited Service Facilities: Services limited to lodging plus no more than continental breakfast.  Unit demands 
may be up to 100 gal/room/day. 

▪ Full Service Facilities: Services may include lodging, restaurant, meeting rooms, conference center. Unit 
demands are greater than 100 gal/room/day. 

Metered sales records provided by the City are the basis for historical Hotel-Motel unit demands generated for each 
service zone in Bloomington and presented in Table 2-15.  

Table 2-15 Historical Hotel Motel Unit Demands 

Year 

Full Service Facility Unit Demand,            
gal/room/day 

Limited Service Facility  Unit Demand,         
gal/room/day 

Normal 
Zone 

High Zone 
Total             

Service Area 
Normal 
Zone 

High Zone 
Total             

Service Area 

2005 177 0 177 109 0 109 

2006 160 0 160 93 0 93 

2007 177 0 177 81 0 81 

2008 182 0 182 88 0 88 

2009 127 0 127 63 0 63 
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The data presented in Table 2-15 show that all Hotel-Motel customers are located in the Normal Zone, and that for 
the Limited Service category a downward trend in unit water use has occurred during the last 5 years; possibly the 
result of recession impact on commerce. 

Large User Unit Demand   
An evaluation of the metered sales data identified three commercial customers that were not Hotel-motel customers 
and consumed an annual average of at least 50,000 gallons per day.  The annual average consumption and 
estimated number of employees for these three customers is presented in Table 2-16. 

Table 2-16 Historical Large User Unit Demands 

Year 

Annual Average Consumption, gal/day Employees a) 
Large User Unit Demand, 

gal/employee/day 

Mall of 
America 

Cypress 
Semi 

Seagate 
Tech 

Mall of 
America 

Cypress 
Semi b) 

Seagate 
Tech b) 

Mall of 
America 

Cypress 
Semi 

Seagate 
Tech 

2005 342,532 161,438 340,953 10,778 826 1,371 32 n/a n/a 

2006 331,066 164,940 340,148 10,778 826 1,371 31 n/a n/a 

2007 333,296 157,800 292,205 10,778 826 1,371 31 n/a n/a 

2008 315,445 148,320 304,240 10,778 826 1,371 29 n/a n/a 

2009 327,327 128,305 258,058 10,778 826 1,371 30 n/a n/a 

a) Yearly values not available.  Value for a recent year was used for the entire 5-year period. 

b)  Number of employees for this user is an estimate only for calculating the unit demand for Other ICI.  Water use is not reliably a 
function of number of employees. 

Because the employee count for Mall of America (MOA) was deemed reliable, a special demographic unit demand 
was developed for MOA for use in calculating projected future water consumption.  Because water use per 
employee is not a reliable indicator for industries that use water in their process, like Seagate Technologies and 
Cypress Semiconductors, historical water consumption by these two customers was assessed to define apparent 
trends for future water use.  

Other ICI Unit Demand   
The overall commercial unit demands presented previously are a misleading indicator of unit water demand by the 
Other ICI (those other than Hotel-Motel and Large User) commercial customers.  To determine a representative 
unit demand for Other ICI customers, the values for consumption and employees for the include consumption by 
the Hotel-Motel and Large User customers was subtracted from that for all commercial customers, and the unit 
demand based on the remanded calculated.  The unit demands for Other ICI customers in both service zones is 
presented in Table 2-17. 
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Table 2-17 Historical ICI Unit Demands - Other 

Year 

Other ICI Unit Demand, gal/employee/day 

Normal Zone High Zone 
Total                 

Service Area 

2005 26 24 25 

2006 28 28 28 

2007 28 27 28 

2008 26 26 26 

2009 24 24 24 

 

The data in Table 2-17 show that, excluding the Hotel-Motel and Large User customers, the unit demand for Other 
ICI customers is generally uniform from year-to-year and similar in both service zones. 

2.3 Future Water Requirements 
Logical planning of a water supply and distribution system requires reasonable projections of future water 
requirements for the entire study area, as well as for subdivisions of the study area.  Projections of future water 
requirements were developed for the total system in five-year increments from 2010 through 2030.  Future water 
requirements were also determined each service zone, which is a basis for facility capacity determinations, and for 
each Forecast Tracker area, which combined with Base Year 2007 demand allocation is the basis for demand 
allocations to the distribution system model.  Actual demand and unit demand values for the base year (2007) are 
included in the tables of future demand data to provide a frame of reference for the projected future values.  Future 
water requirements for years 2010 through 2030 were defined based on demographic projections, as described 
previously in this chapter.  Additionally, future water requirements were calculated using future unit demand and 
peaking factors established by considering the historical experience described previously in this chapter. 

2.3.1 Approach 
The purpose of this section is to develop and present estimates of future water usage requirements needed to satisfy 
probable maximum future demand for the lands within Bloomington’s service area.  Because system usage 
volumes are comprised of customer demand plus non-revenue water (largely leakage and under-recording at 
customer meters assumed to be proportionately distributed across the service area), the system water usage 
volumes are also the basis for hydraulic analyses of the distribution system.  Therefore, the projections of probable 
maximum water usage, developed and presented in a later chapter, are allocated to the distribution model. 

2.3.2 Adjustment of Historical Unit Demands to Design Unit Demands 
The design unit water requirements for Base Year (2007), whether expressed as customer demand or system usage, 
were developed based on the potential maximum usage  synthesized from 2000 through 2009 usage data, as 
described previously in this chapter and depicted by the 2007 Max curve in Figure 2-7.  The design unit water 
requirements therefore define water requirements for a design high demand year, which must be the basis for 
system capacity design.  Water requirements for other periods, such as for long-term average and for wet years will 
be addressed later in this chapter. 

In that the 2007 Max curve in Figure 2-7 reasonably represents the potential maximum water usage requirements 
for Base Year (2007), to provide a curve that depicts the Base Year (2007) Design Maximum Usage that may 
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occur at any time, the 2007 Max curve in Figure 2-7 was smoothed, as presented in Figure 2-20.  The Base Year 
(2007) Design Maximum Usage curve is the basis for Base Year (2007) probable maximum water usage 
requirements on maximum day, the design unit demands/unit usage values, and peaking factors. 
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 Figure 2-21 Base Year (2007) Design Maximum Usage 

2.3.3 Future Unit Demands 
Future unit demand values are projected to be similar to the historical values presented previously in this chapter.  
Demographic and development feature unit demands were established to calculate the demand projections from 
year 2010 through 2030.  The demographic unit demands were multiplied by the demographics established by the 
2008 Comprehensive Plan, and by the equivalent demographics associated with the development feature units in 
Forecast Tracker.  Where a development feature unit could not be associated with a demographic, a development 
feature unit demand was applied.  When factored, the demographics, development features and unit demands 
produce the average day demand for a design high demand year.  Each factor is discussed below, and the values 
used for this study are presented in the tables that follow. 

For both service zones in Bloomington, future unit demands were established for the two primary demographic 
categories, and for the development features expressed in Forecast Tracker.  The residential unit demand is 
expressed as gallons per capita per day (gpcd).  The single-family (SF) residential unit demand is applied to all 
population in SF dwelling units, and the mult-family (MF) residential unit demand is applied to all population in 
MF dwelling units served by commercial meters.  The design unit demands for residential customers are projected 
to remain at 2003 levels into the future as presented in Table 2-18. 
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Table 2-18 Future Residential Unit Demands 

Service Level / Area 

Unit Demand (Annual Average), gal/person/day 

SF Residential MF Residential 

2007          
High Demand 

Year a) 

2003          
High Demand 

Year b) 

Design         
2007 to 2030 

2007          
High Demand 

Year a) 

2003          
High Demand 

Year b) 

Design         
2007 to 2030 

Normal Zone 90 95 95 90 95 95 

High Zone 115 121 121 85 89 89 

Total Service Area 94 99 - 89 94 - 

a) Nominal value consistent with conditions during High Demand Year 2007 

b) 2007 High Demand Year value adjusted to overall usage level during High Demand Year 2003 (the primary year guiding future design criteria) 

The historical and future unit demands for residential customers are presented in Figure 2-22, for all commercial 
customers in Figure 2-23, and for the overall water use by all customers in Figure 2-24. 
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Figure 2-22 Future SF Residential Unit Demand 
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Figure 2-23 Future Commercial Unit Demand 
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Figure 2-24 Future Overall Unit Demand 
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As described previously, the commercial customers are subdivided into categories.   

Hotel-Motel Commercial Customers  
Historical and Future unit demands, expressed as gallons/room/day, are presented in Table 2-19. 

Table 2-19 Future Hotel Motel Unit Demands 

Service Level / Area 

Unit Demand (Annual Average), gal/room/day 

Limited Service Facility Full Service Facility 
Facility with 
Restaurant 

Facility Type 
Unknown 

2007       
High 

Demand 
Year a) 

2003       
High 

Demand 
Year b) 

Design 

2007       
High 

Demand 
Year a) 

2003       
High 

Demand 
Year b) 

Design Design Design 

Normal Zone 95 100 100 180 189 189 130 130 

High Zone c) 95 100 100 180 189 189 130 130 

Total Service Area 95 100 - 180 189 - - - 

a) Nominal value consistent with conditions during High Demand Year 2007 

b) 2007 High Demand Year value adjusted to overall usage level during High Demand Year 2003 (the primary year guiding future design criteria) 

c) No Hotel Motel facilities currently exist in High Zone.  Values equal to those for Normal Zone are assumed. 

 
Large Users Commercial Customers 
For Mall of America only, a customer-specific historical and future unit demand, expressed as gallons / employee / 
day, is presented in Table 2-20. 

 

Table 2-20 Future Large User Unit Demands 

Service Level / Area 

Unit Demand (Annual Average), gal/employee/day 

Malll of America 
Cypress 

Semiconductor d) 
Seagate 

Technologies d) 

2007            
High Demand 

Year a) 

2003            
High Demand 

Year b) 
Design Design Design 

Normal Zone 31 33 33 n/a n/a 

High Zone c) 0 0 0 n/a n/a 

Total Service Area 31 33 - - - 

a) Nominal value consistent with conditions during High Demand Year 2007 

b) 2007 High Demand Year value adjusted to overall usage level during High Demand Year 2003 (the primary year guiding future design criteria) 

c) Mall of America does not exist in High Zone. 

d) A unit demand is provided because water use for this customer not reliably a function of number of employees.  Total future consumption is projected 
from past consumption trends. 

For other ICI commercial customers, future unit demands, expressed as gallons/employee/day, are presented in 
Table 2-21. 
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Table 2-21 Future Other ICI Unit Demands 

Service Level / Area 

Unit Demand (Annual Average), gal/employee/day 

2007             
High Demand 

Year a) 

2003             
High Demand 

Year b) 
Design 

Normal Zone 27 29 29 

High Zone 27 28 28 

Total Service Area 27 29 - 

a) Nominal value consistent with conditions during High Demand Year 2007 

b) 2007 High Demand Year value adjusted to ovearall usage level during High Demand Year 2003 (the 
primary year guiding future design criteria) 

2.3.4 Future Large Commercial Customer Demand 
Unit demand is not used to project and allocate demands for some large water users whose consumption seems 
more tied to a product or activity than to employment.  For two Large User commercial customers, annual average 
consumption was projected be approximately equal to overall consumption in the past.  Historical and future 
demands for Cypress Semiconductor and Seagate Technologies are presented in Table 2-17. 

Table 2-22 Future Large User Demands 

User by Service Level / Area 
Projected Annual Average (AA) Consumption, mgd a) 

2007 2010 2015 2020 2025 2030 

Normal Zone       

Cypress Semiconductor 0.158 0.128 0.165 0.165 0.165 0.165 

Seagate Technologies 0.292 0.260 0.340 0.340 0.340 0.340 

High Zone b)       

Total Service Area 0.450 0.388 0.505 0.505 0.505 0.505 

a) Values derived by extrapolating trends of past consumption 

b) No Large Users exist in High Zone. 

2.3.5 Future Demand Patterns 
Variations in future demand rates are expected to be similar to the patterns and trends defined previously in this 
chapter for historic water use.  Demand patterns are defined for key system planning periods by factors applied to 
average demands over an associated longer period.  Key demand patterns include monthly variations, maximum 
day, minimum day, maximum hour, and the diurnal demand patterns for maximum day. 

Monthly Variations  
The two key demand rates that characterize a month are monthly average day (MAD) and monthly maximum day 
(MMD).  

Monthly Average Day   

The MAD is the average demand during a particular month, which can be projected by multiplying a factor for that 
month by the annual average (AA) day demand.  As observed previously in Figure II-13, the years 2000 through 
2009 include representative monthly usage for both warm, dry summer months and cold winter months.  For each 
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month of these years, the ratio of monthly average day to annual average (MAD:AA) demand was calculated.  
Figure 2-25 shows the representative value determined from these monthly demand factors. 
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Figure 2-25 Future MAD:AA Ratios – Total System – Base Year 

From the data presented in Figure 2-25 can be defined several key demand factors.  The Maximum-Month-to-
Annual-Average-Day (MM:AA) factor is 1.80, usually in July. The Maximum-Season-to-Annual-Average 
(MS:AA) factor is about 1.56, usually over the summer months of June through August.  The Minimum-Month-to-
Annual-Average (MinM:AA) factor is about 0.70, usually in December, January and/or February.  The Average-
Winter-Day-to-Annual-Average (AWD:AA) factor is about 0.70, typically during December through February.  
Similar patterns and factors unique to each service zone have also been determined as presented in Figure B-2 in 
Appendix B, which establishes as the design criteria to project future monthly demand variations. 

Monthly Maximum Day   

Each month experiences a day in which daily demand is greatest for that month.  This demand is defined as the 
monthly maximum day (MMD) demand, which can be expressed as a multiple of the MAD.  The MMD:MAD 
ratio was discussed previously and historic values were  presented in Figure II-8.  Using the historic values 
presented in Figure II-8 as a guide, monthly design values for MMD:MAD were generated for Bloomington’s total 
system, which are presented in Figure 2-26. 
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Figure 2-26 Future MMD:MAD Ratios – Total System 

A unique service zone factor is not definable from system usage records; therefore these values apply to each 
service zone.  By factoring the values in Figure 2-26 by the values in Figure 2-25, the monthly maximum day 
demand to annual average day demand ratio (MMD:AA) can be generated for the total system as presented in 
Figure 2-27. 

By factoring the values in Figure 2-26 by the values in Figure B-2 in Appendix B, the MMD:AA ratio can be 
generated for each service level, as presented in Figure B-3 in Appendix B. 

Maximum Day   
The greatest daily demand for the total system during the year can be projected by multiplying the annual average 
day demand by the greatest MMD:AA ratio presented in Figure 2-27.  Likewise for each service zone the greatest 
daily demand for the service zone during the year can be projected by multiplying the annual average day demand 
for that service zone by the greatest MMD:AA ratio presented in Figure B-3 in Appendix B.  For design purposes 
the greatest MMD:AA ratio is projected to occur in July, although maximum day may actually occur during other 
summer months, and this ratio is the maximum day to annual average (MD:AA) for the year.  The design values 
for MD:AA ratio are presented in Table 2-23. 
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Figure 2-27 Future MMD:AA Ratios – Total System – Base Year 

 

Table 2-23 Future MD:AA Ratios 

Service Level / Area 
Historical Design 

2007 2007 2010 2015 2020 2025 2030 

Normal Zone 2.25 2.40 2.40 2.40 2.40 2.40 2.40 

High Zone 2.62 2.71 2.71 2.71 2.71 2.71 2.71 

Total Service Area 2.28 2.44 2.44 2.43 2.43 2.43 2.43 

Over the study period the MD:AA ratio for each service zone is projected to remain steady.  The historical and 
future MD:AA ratios are presented in Figure 2-27. 
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 Figure 2-28 Future MD:AA Ratios 
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Minimum Day   
Demand for the minimum day for a year can be projected by multiplying a minimum day (MinD) factor by the 
annual average (AA) day demand.  From the historical minimum day demand data presented in Figure II-16 was 
defined a trend indicating that the value 0.58 is a representative MinD:AA peaking factor.  This value is restated 
here as the basis for calculating projected future minimum day demand. 

Diurnal Variation   
Demand for a particular hour of the day can be projected by multiplying a factor for that hour by the average 
demand for the entire day.  Diurnal demand patterns are important during maximum day conditions to establish 
criteria for hydraulic performance evaluations.  

High Demand Year Maximum Day 

As observed previously in Figure 2-17 and Figures C-1.1, C-1.2 and C-1.3 in Appendix B, water customers on the 
dates shown produced hourly consumption patterns that have been judged to be representative of a hot, dry 
maximum demand day.  These patterns were similar to July 30, 2007, which was the maximum day for 2007 and 
was judged to be representative of a hot, dry maximum demand day during Base Year.  To develop design diurnal 
curves for the two service zones, the historical diurnal curves presented in Figures C-1.1, C-1.2 and C-1.3 were 
smoothed and adjusted to define twenty four one-hour factors that average 100% of the daily average demand, and 
one of which equals the predicted maximum hour factor.  The one-hour factors, shown as a red line on Figures C-
1.1, C-1.2 and C-1.3, are the basis for the design diurnal curves presented in Figures C-4.1, C-4.2 and C-4.3.  These 
three design diurnal curves are the basis for calculating future diurnal demands for each planning area within each 
service level.  A summation of the projected diurnal demands for the individual service zones provides the data to 
generate the total system diurnal demand curve presented in Figure 2-29. 
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Figure 2-29 Future Diurnal Curve – Total System – Base Year 

The information presented in Figure 2-29 and in Figures C-4.1, C-4.2 and C-4.3 in Appendix B is for Base Year 
(2007).  Over the study period the diurnal curves for the service zones are projected to remain unchanged. 
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The information in Figures C-4.1, C-4.2 and C-4.3 in Appendix B is used to calculate hourly demands over the 
day, which is crucial to determining storage volume requirements.  The information also identifies the timing and 
magnitude of maximum hour demand among the various service levels and throughout the entire system.  
Maximum hour demand is the condition of greatest wide-spread hydraulic stress on the system. 

Normal Periods   

The design diurnal curves for maximum day conditions show hourly peaking factors that are slightly greater than 
may occur during more normal demand periods, and will govern peak flow rate design.  However, because greater 
equalization volumes result when the diurnal curve is shaped like that for the normal weekend, even though 
applied to a less-than-maximum day demand, a condition other than a maximum day event may be the controlling 
criteria and the basis of storage planning.  These concepts will be more fully addressed in a later chapter of this 
report. 

Maximum Hour   
Each day experiences an hour in which demand is greatest for that day, which can be expressed as a multiple of the 
daily demand.  This multiple is the greatest hourly-demand-to-daily demand ratio of the day identified by the peak 
of the diurnal curve.  On maximum day this factor is known as the maximum-hour- to-maximum-day (MH:MD) 
ratio.  Demand during the maximum hour of the year can be projected by multiplying the MH:MD factor by the 
maximum day demand.  The design MH:MD ratios are presented in Table 2-24. 

Table 2-24 Future MH:MD Ratios 

Service Level / Area 
Historical Design 

2007 2007 2010 2015 2020 2025 2030 

Normal Zone 1.46 1.55 1.55 1.55 1.55 1.55 1.55 

High Zone 1.49 1.58 1.58 1.58 1.58 1.58 1.58 

Total Service Area 1.47 1.55 1.55 1.55 1.55 1.55 1.55 

 

Maximum hour can also be calculated by multiplying the maximum-hour-to-annual average (MH:AA) peaking 
factor by the average day demand.  The MH:AA peaking factor is the product of the values presented in Table 2-23 
and those in Table 2-24, which are presented in Table 2-25. 

Table 2-25 Future MH:AA Ratios 

Service Level / Area 
Historical Design 

2007 2007 2010 2015 2020 2025 2030 

Normal Zone 3.29 3.71 3.71 3.71 3.71 3.71 3.71 

High Zone 3.91 4.28 4.28 4.28 4.28 4.28 4.28 

Total Service Area 3.36 3.78 3.78 3.77 3.77 3.77 3.77 

 

2.3.6 Future Customer Water Demand 
Projections of future customer consumption (demand) for a high demand year were calculated for Base Year 
(2007) and at five-year increments from 2010 through 2030 based on design demographics defined in Chapter I 
and unit demands defined in this chapter, plus the projected water use for large commercial customers.  For each 
development stage, annual average demand for each customer category and each service zone is shown in Table 2-
26. 
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Table 2-26 Future Demand by Customer Category - High Demand Year 

Normal Zone 

Year 

Annual Average (AA) Metered Demand, mgd 

Residential Commercial 

Total Single-
Family 

Multi-
Family 

Hotel Motel Large Users 

Other ICI Limited 
Service 

Full 
Service 

MOA Cypress Seagate 

2007 4.97 1.74 0.18 0.99 0.35 0.17 0.34 2.24 10.98 

2010 5.02 1.76 0.23 1.04 0.35 0.13 0.26 2.54 11.32 

2015 5.12 1.83 0.25 1.29 0.35 0.17 0.34 2.77 12.12 

2020 5.22 1.89 0.26 1.29 0.35 0.17 0.34 3.00 12.53 

2025 5.26 1.94 0.28 1.46 0.35 0.17 0.34 3.15 12.95 

2030 5.26 1.94 0.28 1.46 0.35 0.17 0.34 3.31 13.10 

 
High Zone 

Year 

Annual Average (AA) Metered Demand, mgd 

Residential Commercial 

Total Single-
Family 

Multi-
Family 

Hotel Motel Large Users 

Other ICI Limited 
Service 

Full 
Service 

MOA Cypress Seagate 

2007 1.12 0.40 0.00 0.00 0.00 0.00 0.00 0.09 1.60 

2010 1.12 0.40 0.00 0.00 0.00 0.00 0.00 0.09 1.60 

2015 1.12 0.40 0.00 0.00 0.00 0.00 0.00 0.10 1.62 

2020 1.12 0.40 0.00 0.00 0.00 0.00 0.00 0.10 1.63 

2025 1.12 0.40 0.00 0.00 0.00 0.00 0.00 0.10 1.63 

2030 1.12 0.40 0.00 0.00 0.00 0.00 0.00 0.10 1.63 

Total Service Area 

Year 

Annual Average (AA) Metered Demand, mgd 

Residential Commercial 

Total Single-
Family 

Multi-
Family 

Hotel Motel Large Users 

Other ICI Limited 
Service 

Full 
Service 

MOA Cypress Seagate 

2007 6.08 2.14 0.18 0.99 0.35 0.17 0.34 2.33 12.58 

2010 6.13 2.16 0.23 1.04 0.35 0.13 0.26 2.63 12.93 

2015 6.24 2.23 0.25 1.29 0.35 0.17 0.34 2.87 13.73 

2020 6.35 2.29 0.26 1.29 0.35 0.17 0.34 3.11 14.16 

2025 6.39 2.34 0.28 1.46 0.35 0.17 0.34 3.26 14.58 

2030 6.39 2.34 0.28 1.46 0.35 0.17 0.34 3.41 14.73 

 

As explained previously in this chapter, the long-term annual average customer consumption would be about 111% 
of the values presented in Table 2-26, and wet-year annual average customer consumption would be about 93% of 
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the values presented in Table 2-26.  Projections of monthly consumption for the total service area for a high 
demand year at the design years are presented in Table B-10 in Appendix B.  The values for customer consumption 
(demand) presented in Table 2-26 and in Table B-10 in Appendix B provide the basis for anticipating customer 
consumption, and for projecting system usage as described later in this chapter.   

2.3.7 Future Non-Revenue Water 
Recent historical non-revenue water use within the Bloomington system, as presented previously in Figure 2-12, 
equals about 10 percent of consumption; a level identified by most utilities as a desirable goal.  The recent uptrend 
in NRW percentage indicated on Figure 2-12 suggests that this level may have been recently breached on average, 
although this may be an anomaly of temporary low annual demand (caused by a wet year plus recession) combined 
with a fixed portion of NRW.  During the next few years the City should continue monitoring NRW percentage 
and, if found greater than 10 percent at greater demand levels, either take corrective action to remain within the 
planned 10 percent level, or adjust usage projections to account for a higher NRW percentage.  Assuming 
continued vigilance to recognize and correct such occurrences, future non-revenue water volumes are for this 
report projected to be 10 percent of total metered water consumption (customer demand), as shown in Table 2-27. 

Table 2-27 Future Non-Revenue Water 

Year 
Annual Average 

Total Metered Demand 
(mgd) 

Annual Average 
Total Non-Revenue Water Use 

Percent 
(%) 

(mgd) 

2007 12.58 10 1.26 

2010 12.93 10 1.29 

2015 13.73 10 1.37 

2020 14.16 10 1.42 

2025 14.58 10 1.46 

2030 14.73 10 1.47 

 

The values in Table 2-27, added to the values in Table 2-26, define total system usage discussed in the following 
section. 

2.3.8 Future Usage 
Taken together, the projected future customer water consumption (demand) plus the projected future non-revenue 
water use equals the total future system usage that must be produced by the supply and treatment facilities and/or 
purchased and delivered into the distribution system.  Future total system usage will occur at a wide range of rates, 
and will be distributed to all service levels.  

Total System Usage   
The projected future system usage for a high demand year was determined for Base Year (2007), at ten-year 
increments during the study period, and at Buildout in terms of the six key demand rates considered during water 
system planning.  The annual average usage values are the sum of the totals from Table 2-26 and Table 2-27.  The 
other rates were determined by factoring the annual average usage by the various design peaking factors discussed 
previously in this chapter.  The values for projected total system usage are presented in Table 2-28. 
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Table 2-28 Future Total System Usage - High Demand Period - Design 

Year 
Service Area 
Population 

Total System Usage, mgd 

Annual 
Average 

(AA) 

Minimum 
Day 

(MinD) 

Minimum 
Month 
(MinM) 

Maximum 
Month 
(MM) 

Maximum 
Day 
(MD) 

Maximum 
Hour 
(MH) 

2007 86,070 13.84 8.03 9.68 24.93 33.71 52.26 

2010 86,788 14.09 8.25 9.94 25.62 34.65 53.71 

2015 88,666 15.32 8.76 10.56 27.21 36.80 57.04 

2020 90,543 15.57 9.03 10.89 28.06 37.95 58.82 

2025 91,511 16.04 9.30 11.21 28.90 39.08 60.57 

2030 92,478 16.28 9.40 11.33 29.20 39.48 61.20 

 

The usage projections presented in Table 2-28 are estimates based on study area demographics, including 
population and employment, and on large commercial customer usage reaching projected levels.  The population 
demographic is provided in the table to serve as a general indicator of development stage.  If development occurs 
faster or slower than indicated, the associated usage and necessary water system improvements would 
correspondingly occur sooner or later. 

As explained previously in this chapter, the long-term annual average system usage would be about 111% of the 
values presented in Table 2-28, and wet-year annual average system usage would be about 93% of the values 
presented in Table 2-28.  The volumes of primary importance for this study are annual average, maximum day and 
maximum hour during high demand periods.  These and the other rates are also of interest for other applications. 

Service Zone Usage   
The total system usage values presented in Table 2-28 are the sum of values generated for each service zone.  In 
that the values for annual average, maximum day and maximum hour are of primary importance for this study, 
these rates for each planning area are presented in the following text.  Projections of annual average usage within 
each planning area for a high demand year are presented in Table 2-29. 

Table 2-29 Future Annual Average Usage by Service Zone - High Demand Period - Design 

Service Level / Area 
Annual Average (AA) Usage, mgd 

2007 2010 2015 2020 2025 2030 

Normal Zone 12.07 12.33 13.55 13.78 14.25 14.50 

High Zone 1.76 1.76 1.77 1.79 1.79 1.79 

Total Service Area 13.84 14.09 15.32 15.57 16.04 16.28 

 

As explained previously in this chapter, the long-term annual average usage would be about 111% of the values 
presented in Table 2-29, and wet-year annual average usage would be about 93% of the values presented in Table 
2-29. 

Projections of maximum day usage within each planning area for a high demand year are presented in Table 2-30. 
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Table 2-30 Future Maximum Day Usage by Service Zone - High Demand Period - Design 

Service Level / Area 
Maximum Day (MD) Usage, mgd 

2007 2010 2015 2020 2025 2030 

Normal Zone 28.93 29.55 32.47 33.03 34.14 34.74 

High Zone 4.78 4.78 4.80 4.85 4.86 4.84 

Total Service Area 33.71 34.33 37.26 37.88 39.00 39.58 

 

As explained previously in this chapter, the long-term maximum day usage would be about 111% of the values 
presented in Table 2-30, and wet-period maximum day usage would be about 93% of the values presented in Table 
2-30. 

Projections of maximum hour usage within each planning area for a high demand year are presented in Table 2-31. 

 

Table 2-31 Future Maximum Hour Usage by Service Zone - High Demand Period - Design 

Service Level / Area 
Maximum Hour (MH) Usage, mgd 

2007 2010 2015 2020 2025 2030 

Normal Zone 44.85 46.27 49.50 51.20 52.92 53.54 

High Zone 7.55 7.56 7.61 7.67 7.68 7.68 

Total Service Area 52.26 53.69 56.97 58.72 60.45 61.07 

It is important to realize that the projections of water usage shown in the preceding tables are for conditions that 
would be expected during unusually hot, high demand periods.  Thus, for most periods actual water usage will be 
less than the values shown.  Nevertheless, water supply, treatment and distribution system capacities must be 
established to accommodate these demands so that the city will be able to satisfy customer demands during all but 
the most extreme conditions, when restrictions may become necessary.  Therefore, the usage values in the 
preceding tables with titles identifying the values as for “high demand period/year” are the basis for facility and 
pipeline capacities presented in this study. 

Correlation of Dry Period Usage to Other Weather Conditions   
Usage during dry conditions is not the only water volumes of interest to the City.  It will be helpful to water utility 
operation and management activities to be able to correlate the projections of dry period usage presented in this 
report with water volumes associated with other weather conditions.  As explained previously in this chapter, 
annual average usage during abnormally dry years would be about 11 percent greater than long-term annual 
average usage, and wet-year annual average usage would be about 7 percent less than long-term annual average 
usage.  Adjustment factors for monthly average day (MAD) vary with season.  During July the MAD usage during 
abnormally dry periods would be about 20 percent greater than long-term average MAD usage, and the MAD 
usage during abnormally wet periods would be about 20 percent less than long-term average MAD usage.  During 
the winter the MAD usage would typically range from about 6 percent above to 13 percent below the long-term 
average MAD usage.  Potential MAD usage for design the Base Year (2007) and actual usage for 2007 are 
presented in Figure 2-30. 
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Figure 2-30 MAD Usage for Base Year (2007) – Total System 
Dry Period (High Demand – Long-Term Average – Wet Period (Low Demand) 

The actual data for 2007 demonstrates that most years will experience a combination of weather conditions, 
causing a range of wet-period to dry-period usage throughout the year.  The annual average usage experienced 
during 2007 was greater than historical long-term annual average usage.  This is supported by the occurrence of 
above average values during May through September, and near normal values during most other months.  The wet-
dry envelop of potential MAD usage is illustrated in Figure 2-31 with the design value for annual average usage 
and the range of potential annual average usage. 

Projections of monthly average day usage during dry periods, long-term average, and wet periods for the design 
years 2010, 2015, 2020, 2025 and 2030 are presented in Figure B-5 in Appendix B. 

During July the monthly maximum day (MMD) usage during abnormally dry periods would be about 20 percent 
greater than long-term average MMD usage, and the MMD usage during abnormally wet periods would be about 
20 percent less than long-term average MMD usage.  During the winter the MMD usage would typically range 
from about 6 percent above to 13 percent below the long-term average MMD usage.  Potential MMD usage for 
design the Base Year (2007) and actual usage for 2007 are presented in Figure 2-31. 
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Figure 2-31 Design Usage for Base Year (2007) – Total System -                                                            
Dry Period (High Demand) – MAD and Annual Average 
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Figure 2-32 MMD Usage for Base Year (2007) – Total System  -                                                             
Dry Period (High Demand) – Long-Term Average – Wet Period (Low Demand) 
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The actual data for 2007 demonstrates that most years will experience a combination of wet-period and dry-period 
usage throughout the year.  This is supported by the occurrence of above average values during April through 
August, and some near average values during other months.  The wet-dry envelop of potential MMD usage is 
illustrated in Figure 2-33 with the design value for maximum day usage and the range of potential maximum day 
usage. 
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Figure 2-33 Design Usage for Base Year (2007) – Total System -                                                                    
Dry Period (High Demand) – MMD and Maximum Day 

Projections of monthly maximum day usage during dry periods, long-term average, and wet periods for the design 
years 2010, 2015, 2020, 2025 and 2030 are presented in Figure B-6 in Appendix B. 

2.3.9 Future Supply 
The City of Bloomington will also need to project future water supply volumes, which can be determined from the 
projections of future water usage.  Projections of system usage were developed previously in this chapter by first 
generating projections of customer consumption (demand), and factoring up demand to system usage volumes; the 
difference being non-revenue water equal to 10 percent of demand.  Similarly, the difference between system 
usage volumes and raw water supply volumes is plant process water that is assumed to equal approximately 10 
percent of total treated water.  Using the relationships presented previously, projected future raw water supply 
volumes for maximum day periods of dry weather conditions were established, as presented in Table 2-32 along 
with the associated customer consumption (demand) and system usage volumes. 

Customer demand and raw water supply volumes for maximum hour were not generated and are not presented in 
Table 2-32 or Figure 2-34 because, although maximum hour volumes are necessary for distribution system 
planning and operation, they have no meaningful application to issues of supply, treatment and customer billing 
volumes.  Therefore, future capacity requirements for finished water production delivered from the treatment plant 
to system usage are depicted by the data in Table 2-32 and Figure 2-34 identified as “MD – Usage”.  Future 
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capacity requirements for raw water supply that is diverted and delivered to the plant for treatment are depicted by 
the data in Table 2-32 and Figure 2-34 identified as “MD – Supply”. 

Table 2-32 Future Total System Water Volumes – Dry Period – Design 

 
 
 

Year 

 
 

Service Area 
Population 

Total System Volume, mgd 
 

Annual Average 
(AA) 

Maximum Day 
(MD) 

Maximum Hour 
(MH) 

Customer 
Demand 

System 
Usage 

Raw Water 
Supply 

Customer 
Demand 

System 
Usage 

Raw Water 
Supply 

System 
Usage 

2007 86,070 12.58 13.84 15.22 30.65 33.71 37.09 52.26 

2010 86,788 12.81 14.09 15.64 31.20 34.32 38.10 53.69 

2015 88,666 13.92 15.31 16.61 33.89 37.26 40.43 56.97 

2020 90,543 14.08 15.49 17.13 34.25 37.67 41.67 58.72 

2025 91,511 14.70 16.17 17.64 35.71 39.29 42.90 60.45 

2030 92,478 14.80 16.28 17.83 35.98 39.58 43.34 61.07 

 

The water volumes presented in Table 2-32 are presented graphically in Figure 2-34. 
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 Figure 2-34 Water Volume Projections - Total System – Dry Period - Customer Demand – System Usage – 
Raw Water Supply 
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Table 2-33 Future Unit Demand Factors Applied to Forecast Tracker Development 

Forecast Tracker Development Criteria 
Unit Demand 

Value 
Units 

Code Use Type 
Normal 
Zone 

High 
Zone 

1 Single Family Residential 95 121 gal/person/day 

2 Multi-Family Residential 95 89 gal/person/day 

3 Hotel - Type Not Known 130 130 gal/room/day 

4 Hotel - w/ Restaurant 130 130 gal/room/day 

5 Hotel - w/ Conference and Restaurant 189 189 gal/room/day 

6 Hotel - Limited Service 100 100 gal/room/day 

7 Office 29 28 gal/employee/day 

8 Retail - General 34 34 gal/employee/day 

9 Retail - 100% Restaurant 100 100 gal/employee/day 

10 Retail - No Restaurants 29 28 gal/employee/day 

11 Industrial - Type Not Known 29 28 gal/employee/day 

12 Industrial - Low Sewer Generator 29 28 gal/employee/day 

13 Industrial - Medium Sewer Generator 29 28 gal/employee/day 

14 Industrial - Warehouse 29 28 gal/employee/day 

15 Other - - - 

 
 

 

Table 2-34 Future Demand Based on Forecast Tracker Development Projections - Dry Year 

Service Zone / Area 
Design Annual Average Day (AAD) Demand, mgd 

2007 2010 2015 2020 2025 2030 

Normal Zone 10.98 11.21 12.32 12.46 13.07 13.18 

High Zone 1.60 1.60 1.61 1.62 1.62 1.62 

Total Service Area 12.58 12.81 13.92 14.08 14.70 14.80 
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Chapter 3. Water Supply Assessment 

3.1 Capacity Requirements 
Water supplies must be adequate to provide the long-term and peak day demands of the City.  As defined in 
Chapter 2, the long-term demand is defined as the annual average (AA) demand and the peak day demand is 
Maximum Day (MD) Demand.  Table 3-1 summarizes the current and future Total System Usage to be met by the 
water supply system.   

Table 3-1 Future Total System Usage – High Demand Period – Design 

Year Service Area 
Population 

Total System Usage, mgd 

Annual Average  Maximum Day 

(AA) (MD) 

2007 86,070 15.22 37.09 

2010 86,788 15.64 38.10 

2015 88,666 16.61 40.43 

2020 90,543 17.13 41.67 

2025 91,511 17.64 42.90 

2030 92,478 17.83 43.34 

3.2 Existing Supply 
The City of Bloomington derives its water supply from the City of Minneapolis and aquifers that provide water for 
wells owned and operated by Bloomington.   

3.2.1 City of Minneapolis 
The City of Bloomington receives treated water from the City of Minneapolis through a Water Agreement that 
became effective June 1, 1997.  The Water Agreement will terminate on December 31, 2017.  Bloomington is 
committed to purchasing a minimum of 267,000 cubic feet per day (2.0 mgd) and may purchase a maximum of 
4,000,000 cubic feet per day (30 mgd).   Under the agreement, Bloomington may request delivery of water in 
excess of the 30 mgd and the Minneapolis City Engineer may grant approval if the delivery best serves the needs 
of both communities.  Bloomington would have to pay an energy surcharge, if applicable, to receive the water in 
excess of 30 mgd.   

3.2.2 Groundwater Supply 
The City operates six water supply wells that pump water to the water treatment plant discussed in Chapters 4 and 
5.  Table 3-2 provides construction information about each well.   

Table 3-2 Well Construction Information 

Well Number Installed Casing Depth Diameter Aquifer Status 
1 222910 1973 345 440 34x20 Prairie Du Chien-Jordan Operational 
2 222911 1973 315 390 30x24 Prairie Du Chien-Jordan Operational 
3 222912 1974 450 953 30x24x20x16 Hinckley Operational 
4 133389 1978 282 376 30x24 Prairie Du Chien-Jordan Operational 
5 603079 2001 307 405 30x24x18 Prairie Du Chien-Jordan Operational 
6 603080 2001 298 399 30x24x18 Prairie Du Chien-Jordan Operational 
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All of the wells, except for Well 3, pump water from the Prairie Du Chien-Jordan aquifer.  The Prairie Du Chien-
Jordan aquifer is composed of sandstone and dolostone and “is the most heavily used aquifer in the region because 
of its high productivity, generally good water quality, and relatively shallow depth.(1)”  Well 3 pumps water from 
the deeper, less productive Hinckley aquifer.  The Hinckley is a sandstone aquifer.  “Very slow recharge rates and 
over-pumping have resulted in significant drawdown,” (1) in this aquifer.  The Minnesota Legislature has limited 
appropriation from the Hinckley aquifer to potable use when no other practical source is available.   

The wells provide a reliable supply of good quality water to the City.  Figure 3-1 shows the average of the pumping 
and non-pumping water level trends over time. 

 

Figure 3-1 Historic Well Water Levels 

  

Wells 1 through 4 were constructed in the 1970’s.  The average water level in these wells declined from an 
approximate elevation of 750 to an approximate elevation of 730 from the 1970’s to the early 1990’s.  Since the 
early 1990’s, the water levels in the wells have varied year-to-year, but are essentially stable with the exception of 
Well 4, as shown in Figure 3-1.  Wells 5 and 6 were constructed in 2001 and their average water levels are also 
stable.    

Table 3-3 shows the current capacity and water levels of individual wells and the wellfield as a whole. 
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 Table 3-3 Current Well Capacity and Water Levels 

Well Normal 
operating 

capacity of 
pumps at 

rated head,  
gpm 

At 
rated 
head, 

ft 

Pump 
depth, 

ft 

Motor 
horse-
power 

2009 
Average 

static 
water 
depth,  

ft 

2009  
Average 
pumping  

water 
depth,  

ft 

2009  
Average 

drawdown,  
ft 

Maximum 
Pumping 
Capacity,  

gpm 

Pump  
Submergence, 

ft 

1 2100 203 220 125 168 193 25 2300 27 

2 2100 223 220 150 115 185 70 2200 35 

3 2100 201 230 150 137 180 43 2100 50 

4 2100 213 150 150 99 136 37 2200 14 

5 2200 212 265 200 89 144 55 3000 121 

6 2200 206 265 200 84 140 56 3000 125 

Total 
Capacity, 
gpm (mgd) 

12,800 (18.43)      Total 
Capacity, 

gpm (mgd) 

14,800 (21.31)  

Firm 
Capacity, 
gpm 

10,600 
(15.26)1 

     Firm 
Capacity, 

gpm (mgd) 

11,800 (16.99)  

 
The total and firm capacity of the wells is shown.  Firm capacity is defined as the capacity with the largest well out 
of service and is used to determine the need for additional supply.  Two values are shown for total and firm 
capacity.  One is based on the normal operating capacity at the rated head and one is based on maximum pumping 
capacity.  The pumps are designed for the rate shown in the maximum pumping capacity column; however, they 
can produce sand when operated at the higher pumping rate.  This creates excessive wear on the pumps.  It is also 
an indication that the higher pumping rate is stressing the well which can reduce its efficiency and cause the need 
for more frequent rehabilitation.  Therefore, for planning purposes, the normal operation capacity values at the 
rated head are recommended to be used.  Therefore, the firm capacity of the wells is 15.26 mgd. 

The last column in Table 3-3 shows the pump submergence based on the pumping water levels.  Wells 1 and 4 
have 27 and 14 feet of submergence respectively.  While the submergence is adequate, the pumping water level 
should be monitored to ensure that adequate submergence is maintained.  If pumping water levels drop 
significantly in Wells 1 and 4, the pump bowls should be lowered.  The pumping water level in Wells 2 and 3 
should also be monitored to ensure adequate submergence is maintained.  It is noted that Well 3 is currently being 
rehabilitated and this may improve its performance and submergence.   

The Metropolitan Area Master Water Supply Plan (1) indicates groundwater within Bloomington is susceptible to 
vulnerability as shown in Figure 3-2. 

                                                      
1 The Bloomington wells have two capacity numbers: “Normal Operating Capacity” (2,100 – 2,200 gpm) and 
“Maximum Operating Capacity” (as indicated by the pump nameplate).  Due to operational issues associated with 
pumping at Maximum Capacity (sand infiltration, etc.), the City of Bloomington has accounted for the well production 
and has adjusted operation of the pumps back on their curves in order to get higher quality water from each well.  Firm 
Capacity is based on the actual pump tests and City operational experience. 
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Figure 3-2 Vulnerability of Aquifers in Bloomington 

  

This vulnerability indicates the City should proactively manage potential surface contaminant sources such as gas 
stations, dry cleaners, and other businesses that store and use potential contaminants.  To protect its wells, the City 
should continue to implement its Wellhead Protection Plan which was adopted in 2004 and is scheduled to be 
updated in 2014.  

Based on the relatively steady average water levels and information in the Metropolitan Area Master Water Supply 
Plan, the City can expect the well capacity to remain at 15.26 mgd firm and 18.43 mgd total through 2030.  
Implementation of the Wellhead Protection Plan will help to ensure continued supply of good quality water.  

3.2.3 Total Current Supply 
The total current capacity is 45.26 mgd based on the Water Agreement and firm capacity of the wells at their rated 
head.  Comparing the current total capacity to the current and future demands in Table 3-1 indicates that the City 
has adequate water supply in the near term.   

3.2.4 Ability to Meet Average Annual Raw Water Supply Needs 
If a supply interruption occurred with the City of Minneapolis, the City’s preference is to meet average raw water 
supply needs with its wells.  As shown in Table 3-1, current average annual raw water supply needs are 
approximately 15.64 mgd and are projected to be 17.83 mgd in 2030.  As discussed above, the current and project 
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firm capacity of the City’s wells is 15.26 mgd and total capacity is 18.43 mgd.  The firm capacity of the City’s 
wells is almost adequate to meet current average annual raw water supply needs and the total capacity of the City’s 
wells is adequate to meet both current needs and future average raw water supply needs.  

If the City’s local supply is lost, the City of Minneapolis supply is adequate to meet demands up to 30 mgd.  As 
indicated in the Water Supply agreement, it is possible that Minneapolis could supply even more water under the 
agreement. 

3.2.5 Emergency Supply 
Should the City temporarily lose either of its sources of supply from power outage or other cause, the remaining 
supply is adequate to approximately meet basic average day needs.  In addition, the City has two 8-inch 
connections to the City of Edina’s distribution system.  The connections were provided to improve service along a 
uniquely situated commercial area between the two communities.  The reported total capacity of the connections is 
3,000 gpm or 4.32 mgd.   While this would provide an increment of supply to the City, it should be viewed as a 
supplement to the other sources.  “Distribution system interconnection with other cities or private wells do not exist 
and are not being considered at this time.”(2) 

Procedures to reduce demands during an emergency situation are outlined in “Water Emergency and Conservation 
Plan for Bloomington, Minnesota” (2).  These procedures identify priorities for supplying water to customers and 
identify measures to be taken given a mild, moderate, or severe emergency condition.  The State has approved the 
Water Emergency and Conservation Plan. 

3.2.6 Conservation 
The “Water Emergency and Conservation Plan for Bloomington, Minnesota” summarizes a range of water 
conservation measures including: 

▪ Metering 

▪ Water Audit for Reducing Unaccounted for Water 

▪ Conservation Water Rates 

▪ Regulations 

The City has a “proactive metering program where all residential and ICI water customers served by the City are 
metered.”(2).   

Recent historical non-revenue water (unaccounted for water) use within the Bloomington system, as presented 
previously in Figure 2-12, equals about 10 percent of consumption; a level identified by most utilities as a desirable 
goal.  The recent uptrend in NRW percentage indicated on Figure 2-12 suggests that this level may have been 
recently breached on average, although this may be an anomaly of temporary low annual demand (caused by a wet 
year plus recession) combined with a fixed portion of NRW.  During the next few years the City should continue 
monitoring NRW percentage and, if found greater than 10 percent at greater demand levels, either take corrective 
action to remain within the planned 10 percent level, or adjust usage projections to account for a higher NRW 
percentage.   

Water conservation rate structures can be an effective way to reduce water use.  Water rates are increased as the 
usage of water increases or are increased seasonally which may cause customers to reduce water uses such as 
outdoor watering.  As indicated in “Water Emergency and Conservation Plan for Bloomington, Minnesota” (2), 
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additional studies would be required to determine the impacts of these alternative rate structures to ensure that 
revenues remain adequate and that they achieve a reduction in water use. 

Existing City regulations allow the City Council to limit water usage.  Additional regulations could be 
implemented to prevent wasteful uses or reduce use during emergencies (2).  Recommendations to devote 
resources to education, customer assistance, and incentives have been made and are appropriate (2).     

The State has approved the City’s conservation program outlined in “Water Emergency and Conservation Plan for 
Bloomington, Minnesota” (2).  However, a comment was included that indicated Bloomington’s average per capita 
use is higher than the Metropolitan average.   Focusing on monitoring of NRW, education, customer assistance, 
and incentives to conserve water are recommended to manage per capita use.   

While there are no definitive studies of the reduction in demand from the mild, moderate, and severe condition 
measures, utilities across the country have attempted to estimate reductions.  Information indicates that the range in 
demand reductions resulting from the implementation of the mild and moderate measures is from a minor 
reduction up to 30% nationwide.  In the Midwest, a typical value is estimated to be approximately 10%.   

3.3 Future Supply Alternatives 
Table 3-1 indicates that future MD demand will be 43.34 mgd by year 2030.  While the City currently has adequate 
supply to meet this demand, the Water Agreement with the City of Minneapolis expires the end of 2017.  This 
creates a need to take steps to ensure adequate supply in the future.  The Metropolitan Area Master Water Supply 
Plan (1) identifies three available future water supply sources:  City of Minneapolis, Prairie Du Chien-Jordon 
aquifer and Franconia-Ironton-Galesville aquifer. 

3.3.1 City of Minneapolis  
The Metropolitan Area Master Water Supply Plan (1) indicates that the City of Minneapolis has an appropriation 
for 125,000 million gallons per year of withdrawal from the Mississippi River.  Projected demands for Minneapolis 
in 2030 are approximately 23,700 million gallons per year(1).  Therefore, the available supply for Minneapolis 
appears to be abundant and is considered to be a reliable source through 2030 and beyond.  To secure supply from 
the City of Minneapolis, Bloomington will need to finalize a new Water Agreement prior to the end of 2017.  

3.3.2 Prairie Du Chien-Jordan Aquifer 
As discussed previously, this aquifer is very productive in the Metropolitan area with well capacities ranging from 
120 gpm to 4100 gpm (1).  Bloomington’s wells are in the middle of the reported range and therefore it is can be 
assumed that additional productive well locations can be found within the City.  If well locations can be identified 
that will support capacities similar to Bloomington’s existing wells, 10 to 12 wells would likely be required to 
replace the supply from the City of Minneapolis.   

The Metropolitan Area Master Water Supply Plan identifies the following issues for expansion of the City’s 
groundwater supply. 

▪ Potential for well interference 

▪ Potential for impacts on surface water features 

▪ Potential for impacts to trout habitat or calcareous fen 

▪ Significant contamination vulnerability 
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The first three potential impacts are related to drawdown and flow in the aquifer.  If additional wells are 
constructed in the future, the City should evaluate these potential impacts using the most up-to-date groundwater 
flow model of the area, which is currently Metro Model 2 (1). 

The fourth potential impact is affected by the potential for surface contamination sources and increased pumping.  
If the City expands well capacity, the wellhead protection area would expand and additional potential 
contamination sources would likely be located in the added area.  To minimize the potential for contamination, the 
City should continue to implement the current Wellhead Protection Plan, update it according to the schedule, and 
plan to update it again if well capacity is increased. 

3.3.3 Franconia-Ironton-Galesville Aquifer 
The Metropolitan Area Master Water Supply Plan (1) indicates this aquifer unit consists of fine-grained sandstone 
and dolostone in the Franconia unit and fine-grained to coarse-grained sandstone in the Ironton-Galesville unit.  
Reported well capacities are 115 to 1,600 gpm.  This aquifer is rarely as productive as the Prairie Du Chien-Jordan, 
but is heavily used where the Prairie Du Chien-Jordan aquifer is not present.  If wells are constructed in this 
aquifer, 25 to 30 may be required to replace the supply from the City of Minneapolis. 

The potential issues with development of a supply from this aquifer are similar to those listed above for the Prairie 
Du Chien-Jordan.   

 

References: 

1. Metropolitan Council, “Metropolitan Area Master Water Supply Plan, March 2010. 

2. Water Emergency and Conservation Plan for Bloomington, Minnesota, November 1997 and Updated in 
2007.   
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Chapter 4. Safe Drinking Water Act Evaluation 
This Chapter presents an assessment of the City’s position with respect to compliance with current, pending, and 
potential future water quality and treatment regulations.  A detailed discussion of current and impending 
regulations under the 1986 and 1996 Amendments to the Safe Drinking Water Act (SDWA) that apply to systems 
utilizing groundwater supplies is presented in Appendix C.  Aspects of these regulations that may affect the City’s 
current system operation and/or monitoring practices are discussed below.  It is emphasized that these regulations 
are continually evolving and being modified in response to water industry comments and results of new research 
regarding the potential adverse impacts of the compounds to be regulated.  The discussion that follows reflects the 
present position of the United States Environmental Protection Agency (USEPA) on various water quality and 
treatment issues, and on the proposed and promulgated regulations as currently published.  Major changes to this 
position prior to final promulgation of currently-proposed regulations may require revision of the conclusions and 
opinions presented in this report. 

The City currently derives its potable water supply from two sources:  (1) a ground water treatment facility which 
is owned and operated by the City, and (2) treated water purchased from the City of Minneapolis.  As the current 
source water treated by the City’s existing treatment facility is ground water that is not subject to direct surface 
water influence, many current and pending regulations that address concerns associated with surface water supplies 
and/or groundwater supplies subject to direct surface water influence (GWUDI) are not applicable to the City’s 
water supply system.  These regulations are therefore not addressed in the discussion that follows.  Also, the City 
of Minneapolis is contractually obligated to provide potable water that complies all applicable state and federal 
water quality requirements at the point of delivery to the City of Bloomington; no additional treatment of the 
Minneapolis supply is therefore required prior to distribution to consumers within the City of Bloomington.  The 
discussion which follows therefore focuses primarily on regulatory compliance issues which are directly impacted 
by the performance of the City’s ground water treatment facility. 

4.1 Current Regulations 

4.1.1 Total Coliform Rule 
Under the revised Coliform Rule promulgated in 1989, the City collects 90 distribution samples per month for 
analysis of total coliforms, and a maximum of 5 percent of these samples may exhibit the presence of total coliform 
organisms.  Distribution system samples are consistently negative with respect to presence of coliform organisms, 
and the City has reportedly not experienced a total coliform-positive sample at any time within the past 15 years.  
This indicates that the City is in full compliance with the Coliform Rule requirements, and this level of 
performance is indicative of effective disinfection practices and exceptional distribution system integrity.  

4.1.2  Lead and Copper Rule 
The City is in compliance with all aspects of the Lead and Copper Rule; 90th percentile lead and copper 
concentrations at consumer taps have consistently been lower than the USEPA-specified Action Levels of 0.015 
mg/L for lead and 1.3 mg/L for copper.  Based on this level of performance, the City was placed on reduced 
monitoring status for the Lead and Copper Rule following completion of the first round of required tap monitoring 
in 1996.  In addition, no difficulties have been reported in complying with the October 2007 revisions to the 
original 1991 Lead and Copper Rule.  
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4.1.3 Stage 1 Disinfection Byproducts Rule 
Recent total trihalomethane (TTHM) and haloacetic acid (HAA5) monitoring results for the City’s current 
distribution system monitoring site are summarized in Table 4-1.   

Table 4-1 Disinfection Byproduct Monitoring Results (2007-2009) 

Sample Collection 
Date 

DBP Concentration, mg/L 

Total Trihalomethanes (TTHMs) Haloacetic Acids (HAA5) 

02/05/2007 0.0026 0.0021 

05/14/2007 0.0011 ND 

07/23/207 0.0022 ND 

10/24/2007 0.0013 ND 

01/28/2008 0.0028 0.0018 

04/25/2008 0.0040 0.0015 

07/07/2008 0.0006 ND 

11/17/2008 0.0011 ND 

01/12/2009 0.0006 ND 

05/17/2009 0.0005 ND 

08/17/2009 0.0005 ND 

10/26/2009 0.0006 ND 

ND = None detected (result below detection limit) 
 
As shown in Table 4-1, disinfection byproduct (DBP) concentrations are significantly lower than current maximum 
allowable levels, i.e., 0.080 mg/L for total trihalomethanes and 0.060 mg/L for HAA5, with compliance based on a 
running annual average of four quarterly distribution system samples.  These low DBP production levels can be 
attributed to both the high quality of the source water and the current practice of using only combined chlorine 
(chloramines) for primary disinfection at the water treatment plant and as the secondary disinfectant within the 
distribution system.  Based on these consistently low DBP monitoring results, the City has been placed on reduced 
monitoring status, and is therefore required to only collect a single DBP paired TTHM and HAA5 sample each 
quarter. 

Chloramine residuals in the finished water are typically well below the Maximum Residual Disinfectant Level 
(MRDL) of 4.0 mg/L (average chloramine residual concentrations within the system are reported to be less than 
2.0 mg/L), and therefore the City is not expected to have any difficulties in continuing to comply with this 
provision of the Stage 1 regulation. 

The City is not subject to the enhanced coagulation / enhanced softening requirements of the Stage 1 DBPR due to 
the historically low levels of total organic carbon (TOC) in the source water.  

4.1.4 Ground Water Rule 
Current disinfection practices do not include maintenance of a free chlorine residual within the treatment process, 
and therefore treatment capable of continuously achieving a minimum of 99.99 percent (4-log) removal / 
inactivation of viruses is not provided.  The City is therefore subject to the triggered source water monitoring 
requirements of the GWR if a positive distribution system coliform sample is identified during routine system 
monitoring under the Total Coliform Rule.  The triggered monitoring provisions of this rule, which became 
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effective during December 2009, require collection and analysis of a sample from each ground water source, i.e., 
each well in service, within 24 hours of notification of the positive system coliform sample.  These samples must 
be analyzed for the presence of fecal indicators (E. coli, enterococci, or coliphage), and additional 
monitoring/compliance requirements would apply if any of these samples are determined to be fecal indicator-
positive.   

Based on the City’s historical performance with respect to presence of total coliforms in the distribution system (no 
positive coliform samples have reportedly been collected over the past 15 years), and the consistently high quality 
of the City’s ground water supply, it is expected that these requirements will have little or no impact on current 
system operating practices.  The primary impact of the GWR will therefore be the need to assist the State in 
conducting the required triennial (every three years) sanitary surveys under the GWR.  As discussed in Appendix 
C, States must complete initial sanitary surveys of individual systems by December 31st 2012 for most community 
water systems, and by December 31st 2014 for systems which have demonstrated “outstanding performance”.   

4.1.5 Other Regulations 
The City maintains the concentration of fluoride in the finished water at approximately 1.0 mg/L, which is suitable 
for prevention of dental caries and consistently below the MCL of 4.0 mg/L and the secondary MCL of 2.0 mg/L.  
Monitoring data for the City’s source water indicate that arsenic concentrations are consistently well below the 
current MCL of 0.010 mg/L.  Historical monitoring data for currently-regulated volatile organic chemicals (VOCs) 
and synthetic organic chemicals (SOCs) indicate that these contaminants are not present in the finished water. 

4.2 Pending / Future Regulatory Requirements 

4.2.1 Stage 2 Disinfection Byproducts Rule 
Under the Stage 2 Disinfection Byproducts Rule (Stage 2 DBPR), the maximum allowable levels of regulated 
disinfection byproducts (total trihalomethane, haloacetic acids) will not change from those promulgated under the 
Stage 1 DBPR.  However, under the Stage 2 regulation, compliance will be based on a running annual average of 
monitoring data for each monitoring location, rather than on a system-wide average of monitoring results. 

Comments on compliance with pending Stage 2 DBPR requirements summarized below are based on the 
following observations / assumptions: 

▪ The City purchases and distributes treated surface water from the City of Minneapolis in addition to its own 
treated ground water supply.  It is therefore considered a consecutive system, and must abide by established 
Stage 2 DBPR compliance schedules for Minneapolis (the larger of the two systems). 

▪ Introduction of treated water purchased from Minneapolis reportedly has “no influence” on DBP 
concentrations within the Bloomington distribution system. 

▪ The City is currently on reduced monitoring status under the Stage 1 DBPR.  Under this reduced monitoring 
status, the City must only report DBP concentrations for a single distribution system location on a quarterly 
basis.    

▪ Distribution system samples for DBP analysis have been collected quarterly at 10 locations since 2006 in 
addition to the location used for DBP compliance monitoring/reporting purposes.  Monitoring results for these 
additional 10 locations indicate that total trihalomethane and haloacetic acid concentrations are consistently 
less than 0.040 mg/L and 0.030 mg/L, respectively, at each location on a running annual average basis.  
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▪ Based on historically low concentrations of regulated DBPs within the distribution system, the City was 
exempted from the expanded system monitoring requirements of the Initial Distribution System Evaluation 
(IDSE) provisions of the Stage 2 DBPR under the “40/30 Certification” option. 

▪ Annual average total organic carbon (TOC) concentrations for the City’s ground water supply are typically 
less than 4.0 mg/L. 

The City will be required to initiate system DBP monitoring under the Stage 2 rule by April 1st 2012, and must 
submit a Stage 2 compliance monitoring plan to the Minnesota Department of Health (MDH) during the first 
quarter of 2012.  Based on review of historical DBP monitoring data, the City should have no difficulties in 
complying with the locational running annual average requirements of the Stage 2 DBPR.  In addition, as the City 
was granted an exemption from the IDSE requirements under the “40/30 Certification” provisions of the Stage 2 
rule, and can demonstrate that historical TTHM and HAA5 concentrations within the distribution system are 
consistently less than 0.040 mg/L and 0.030 mg/L, respectively, it may be possible to be placed on reduced 
monitoring status as soon as the Stage 2 rule is implemented.  Under reduced monitoring status, the City will be 
required to collect quarterly DBP compliance samples from a total of four sites.  As the City is currently required to 
collect samples for DBP compliance monitoring purposes at a single site under the Stage 1 DBPR, the primary 
impact of the Stage 2 regulation will therefore be the increased monitoring costs associated with the expanded 
number of routine distribution system samples required. 

4.2.2 Radon 
New regulations for radon, which included two alternative compliance approaches, were proposed by USEPA in 
November 1999, but were never finalized.  While current treatment does not include any provisions for removal of 
radon (aeration is typically the most cost-effective approach), concentrations in the City’s ground water supply are 
reported to be well below levels discussed in the alternative compliance approaches summarized in the 1999 
proposed rule which would required treatment/removal to achieve compliance.   

No schedule for development of a final radon regulation currently exists, and it appears that regulation of radon in 
municipal water supplies is a very low priority within USEPA.  However, the reported low levels of radon in the 
City’s ground water suggest that difficulties in complying with new requirements for allowable levels of radon in 
drinking water (should these requirements be enacted at some point in the future) should not be anticipated. 

4.2.3 Total Coliform Rule Revisions 
As discussed in Appendix C, USEPA recently published proposed revisions to the 1989 Total Coliform Rule, and 
a draft compliance guidance manual was issued during mid-August 2010.  The revised TCR, if promulgated as 
currently proposed, will result in a shift in compliance requirements that focuses more on the presence/absence of 
E. coli in distribution systems.  While coliform bacteria will continue to be used as an indicator of the integrity of 
treatment and of the distribution system, the proposed revised TCR establishes an MCL goal and an MCL of zero 
for E. coli, and it eliminates the current MCL goal and MCL of zero for total coliforms under the existing TCR.  
An MCL violation would occur when both a routine and a repeat total coliform sample are positive and either of 
them is also positive for E. coli.   

The revised TCR is currently expected to be finalized during mid-2012, and its requirements will become effective 
3 years later.  The City should review both the proposed revised TCR and the draft compliance guidance to assess 
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site-specific requirements and potential cost implications.  However, it is expected that the revised TCR should not 
significantly impact current treatment and/or system monitoring practices. 

4.2.4 Future Contaminant Regulations 
USEPA is currently evaluating the need for development of an MCL and/or secondary MCL for perchlorate, a 
contaminant typically associated with production of solid rocket fuels, explosives, and some fertilizers; a final 
regulatory determination is expected by late 2010.  Continued concern regarding the potential health impacts of 
several byproducts associated with use of chloramines, such as nitrosodimethylamine (NDMA), cyanogen 
chloride, chloropicrin, and chloral hydrate, could result in future development of MCLs or treatment techniques, 
but no plans to regulate these compounds exist at present.   

4.3 Summary / Conclusions 
The City is well-positioned regarding compliance with pending and anticipated future water quality and treatment 
requirements.  Water quality data provided for review, and discussions with operating staff suggest that no changes 
in current water supply practices are necessary at this time to comply with anticipated regulatory requirements.  
The City should continue to monitor regulatory development activity within USEPA to ensure continued ability to 
maintain compliance with new regulations as they are promulgated.   
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Chapter 5. Existing Treatment System Assessment 

5.1 Existing Treatment Facilities 
The existing groundwater treatment facility, originally constructed in 1974, was expanded to its current design 
capacity of 14 mgd in 2002.  The treatment plant is located northeast of the intersection of Normandale Boulevard 
and Poplar Bridge Road.   As discussed in Chapter 2, the existing treatment capacity is sufficient to meet average 
day demands in the event that the Minneapolis supply is unavailable due to an emergency.  

The treatment facility process components are summarized in the following paragraphs. 

5.1.1 Influent Flow Splitter   
Water from the six groundwater wells is pumped to the flow splitter, where the water is divided between two 
treatment trains by two sharp crested weirs.  No chemicals are fed to the flow splitter.  A magnetic flow meter is 
located upstream of the flow splitter influent to measure total plant influent flow. 

5.1.2 Solids Contact Basins   
From the flow splitter, water flows to two 7 mgd solids contact basins where lime is added for softening.  The 
basins are equipped with variable speed mixers.  Lime residuals are removed from the basins with circular sludge 
collectors. 

5.1.3 Recarbonation Basins 
Water from the solids contact basins flows to two 7 mgd rectangular recarbonation basins where carbon dioxide is 
added in a baffled chamber at the inlet to stabilize the treated water.  The recarbonation basins provide 
approximately 22 minutes of detention at the design flow rate. 

5.1.4 Filters 
Stabilized water is piped from the recarbonations to eight mixed media gravity filters equipped with support gravel, 
high density sand, fine sand, and an anthracite cap.  Filter loading rate at design capacity is 4.7 gpm/sf with all 
filters in service, and 5.3 gpm/sf with one filter out of service for backwash.  Chlorine is fed to the common filter 
influent header for disinfection.  

5.1.5  Backwash Facilities 
Filter backwash water is normally provided from a single vertical diffusion vane pump located in the original filter 
pipe gallery.  The backwash pump is located over the treated water storage reservoir, from which it draws suction.  
Backwash water can alternatively be provided through a connection to the high service discharge header.  The 
wash water interconnection is equipped with butterfly valves for throttling and an orifice plate to reduce pressure.   
Each filter is equipped with rotary surface wash agitators.  The filters are also equipped to allow wasting of filtered 
water after a backwash, before a filter is brought on line, to minimize the potential for high turbidity spikes.   

The waste backwash water and filter-to-waste water are discharged into a recovery basin located below the newest 
filter gallery.  The recovery basin is equipped with two submersible pumps that return water to the influent flow 
splitter. 

5.1.6 Treated Water Storage Reservoir. 
Filtered water is conveyed to the 4 million gallon below-grade treated water storage reservoir.  The reservoir is 
equipped with a baffled inlet channel where fluoride, ammonia, and chlorine can be added.  Due to the presence of 
naturally occurring ammonia in the groundwater supply, the City no longer feeds ammonia into the treatment 
process. 
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5.1.7 High Service Pumping. 
Four vertical can-style high service pumps transfer water from the treated water storage reservoir to the distribution 
system.  The pump station capacity is discussed in Chapter 7. 

5.1.8 Chemical Feed Facilities. 
The current feed rates and chemical storage capacities of the plant are summarized in Table 5-1.  Lime and Carbon 
dioxide is paced based on a pH setpoint.  All of the other chemicals are fed based on a manual dosage setpoint. 

Table 5-1  Chemical Feed Rates and Storage Capacities 

Chemical Dose, mg/L Feed Rate, lb/d Storage 
Capacity 

Days of Storage 

Avg Max Avg1 Design2 Avg Dose Max Dose 

Carbon 
Dioxide 

41 43.2 3,419 5,044 60 tons 35.1 23.8 

Chlorine 1.9 2.0 159 234 12,000 lb 75.5 51.3 

Fluoride 0.9 1.0 41 (gal/d) 64 (gal/d) 2,400 gal 58.5 37.6 

Lime 250 290 20,850 33,860 120 tons 11.5 7.1 

Polymer3 0.16 0.20 1.81 (gal/d) 3.16 (gal/d) 200 gal 111 63 
1.  At average dose and average plant flow of 10 mgd. 
2.  At maximum dose and design plant flow of 14 mgd 
3. Polymer dosage as lbs per dry ton of solids discharged to the thickener.  Polymer feed rate based on 0.37 gal of polymer per lb 
of dry polymer and 6,100 lbs dry solids/residuals per MG treated. 

 
Carbon Dioxide   
Carbon dioxide is stored outside in two 30-ton vertical, insulated steel pressure vessels.  Carbon dioxide is fed to 
the recarbonation basins via two rotameters equipped with control valves.   

Chlorine 
Chlorine is stored in 6 one-ton containers in the chlorine storage and feed room located on the lower level.  
Chlorine is fed to the filter influent using one of two gas chlorinators.  Chlorine can also be fed to the reservoir 
influent baffle chamber.  A chlorine gas scrubber is located in a room adjacent to the chlorine storage room. 

Fluoride 
Fluoride is stored as hydrofluosilicic acid in three 850 gallon bulk storage tanks located on the lower level.  
Fluoride is fed directly from the bulk storage tanks to the reservoir influent baffle chamber using once of three 
chemical peristaltic metering pumps.  Each bulk storage tank is equipped with a dedicated chemical metering 
pump. 

Lime 
Lime is stored in four 30-ton bulk storage bins located on the upper level, adjacent to the solids contact basins.  
Each storage bin feeds to a dedicated gravimetric feeder/slaker unit.  Slaked lime is transferred to the solids contact 
basins via troughs. 

Polymer   
Polymer is stored as a neat liquid in a single 200 gallon bulk storage tank located on the lower level.  Polymer is 
transferred to the day tank, located adjacent to the bulk tank, by a single transfer pump.  Polymer is fed to the 
thickening basin by a single polymer feeder-blender. 
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5.1.9 Residuals Handling Facilities.   
The lime softening residuals are transferred from the solids contact basins to a single General Filter gravity 
thickener using two 3 HP, 250 gpm horizontal end suction pumps.  The thickener consists of a 30’-6” diameter 
steel tank equipped with a rake, located on the operating floor level.   Polymer is added to the thickener influent to 
enhance thickening.  The thickener is used to increase the lime solids content from five percent to approximately 
15 to 20 percent.  The thickened residuals are stored in a 5,000 gallon cast-in-place concrete equalization basin, 
from which residuals are discharged by gravity to tank trucks in the garage area.  Provisions in the piping allow for 
flushing and pigging.   

The tank trucks, operated by plant staff, transport the thickened residuals to a series of seven lagoons, where the 
residuals are further dewatered.  The dewatered residuals are dredged from the lagoons, typically once or twice per 
year, for agricultural use. 

5.1.10 Engine Generator.   
The treatment plant power supply is backed up by a 985 KW diesel fueled engine generator.  The fuel storage 
capacity allows for up to 8 hours of continuous operation.   

5.2 Condition and Performance Overview 
The City’s treatment facility was expanded and upgraded in 2002.  Discussions with the City staff indicate that the 
facility is operating smoothly and reliably, and produces water meeting all regulatory requirements.   

In discussions with City staff, concern was expressed regarding their relatively high annual operating cost for 
residuals handling as compared to other similar local municipalities. The tank trucks to transport thickened 
residuals to the lagoons are: dedicated for this service, owned, operated, and maintained by the City and are 
replaced on average every 10 years.  The lagoons are located approximately 2.5 miles away from the treatment 
plant; with an average round trip travel time of approximately 40 minutes.  Depending on treatment operations, up 
to 18 truck loads may be required per day.   

 A brief discussion of alternative residuals handling methods that may provide a better long-term solution for the 
City is provided in the following paragraphs. 

5.3 Alternative Residuals Handling  
Two different alternatives for residuals handling were considered as being the most feasible for Bloomington - 
direct pumping and mechanical dewatering. 

5.3.1 Direct Pumping.   
In 2005, Black & Veatch conducted a study to evaluate the feasibility of pumping lime residuals from the treatment 
plant directly to the lagoons through a new pipeline to be located in existing utility easements.  The study evaluated 
hydraulic limitations and identified conceptual level capital costs.  The City reports that their total current residuals 
handling costs are approximately $580,000 per year, including maintenance and labor costs for transporting the 
thickened residuals from the plant to the lagoons; prorated vehicle replacement costs; lagoon excavation costs; and 
hauling and disposal costs for the dewatered residuals.  Because the costs for lagoon excavation and disposal would 
remain unchanged if a direct pump system were implemented, the cost evaluation was based on an annual 
operating cost of $140,000 for trucking the thickened residuals to the lagoon (including staff labor to drive the tank 
truck and fuel and vehicle maintenance costs.)  This cost was confirmed with the City to be valid for 2010.   A 
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summary of the cost comparison for the direct pumping alternative, updated to 2010 price levels, is provided in 
Table 5-2.  

Table 5-2  Direct Pumping Residuals Alternative Cost Summary 

Option 2010 Capital Cost(1) Dilute Solids 
Annual O&M 

Cost(2) 

Dewatered Solids 
Annual O&M cost(4) 

2010 20 Year Present 
Worth, i=4%(5) 

6” Pipeline $2,006,000 $8,800(3) $440,000 $8,106,000 

8” Pipeline $2,495,000 $8,800(3) $440,000 $8,594,000 

Current Handling 
Method 

- $140,000 $440,000 $7,882,000 

Notes: 
1. Capital costs have been inflated from 2005 costs to 2010 dollars.  An Engineering News Record BCI Index cost factor of 4205 and 
4904 were used for 2005 and 2010, respectively.   
2.  Dilute solids annual O&M costs include the costs for transporting solids from thickener to lagoons for dewatering. 
3.  O&M operating costs were adjusted for salary inflation from 2005 to 2010.   
4. Dewatered Solids annual O&M costs includes costs for removing dewatered solids from lagoons and trucking off site for ultimate 
disposal. 
5. 20 Year Present Worth shown includes disposal of Dewatered Solids.  The 2005 Pipeline study did not consider this cost as it was 
common to all three alternatives.   

 

5.3.2 Mechanical Dewatering. 
Plate and frame filter presses have proven to be an efficient alternative for mechanical dewatering of lime softening 
residuals.  Several local utilities with similar treatment processes as Bloomington, including St. Paul, Minneapolis, 
St. Cloud, and Eden Prairie, have effectively used filter presses for dewatering of their lime softening residuals.  A 
brief evaluation of the use of mechanical dewatering for Bloomington is provided in the following paragraphs. 

Solids Production   
Water quality data, chemical feed rates, and plant flow data were evaluated along with residuals production data 
provided by the City to calculate the estimated monthly unit dry solids production, summarized in Table 5-3.  The 
City reports that the concentration of solids leaving the thickener is approximately 15 to 20 percent.  Operating data 
indicates an average of approximately 26.8 tons of dry solids per day (approximately 33,800 gallons per day of 
thickened residuals) were trucked to the lagoons between 2007 and 2009.   

Table 5-3  Estimated Monthly Average Unit Dry Solids Production, lbs dry solids per MG treated 

Minimum solids production 4,255 

Average solids production 5,570 

Maximum solids production 6,600 

  

“90% less than” value 6,100 

“95% less than” value 6,283 
 
Filter Press Criteria   
A plate and frame filter press consists of a series of gasketed metal plates equipped with filter membranes, 
assembled together within a frame.  The individual plates are fabricated such that, when compressed together, a 
void space is formed with an inlet port and an outlet port.  Filter presses operate in a batch mode.  At the beginning 
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of the filtration cycle, the plates are compressed together.  Pumps are used to fill the void spaces with thickened 
residuals.  Once the press has been filled, the pressure applied by the pumps drives the liquid portion of the 
residuals (filtrate) through the filter membrane and through the outlet manifold.  The dewatered solids are retained 
within the void space.  When the dewatering cycle is complete, the inlet flow is stopped and the plates are 
separated one at a time, allowing the resulting dry “cake” to drop into open-topped trailers below.  The cycle is 
then repeated. 

Based on Bloomington’s water quality and chemical feed data, it is anticipated that a filter press could potentially 
achieve approximately 55 to 60 percent solids.  Because of the batch-type operation, filter presses are typically 
sized based on the number of operator shifts per day and the number of days per week that the dewatering system 
will be operated.  Based on a solids production rate of 6,100 lb/MG at the maximum plant flow rate of 14 mgd, and 
assuming operating the presses 5 days a week, it is recommended that the filter press be sized for approximately 
119,500 lb/day solids loading.  This provides a conservative estimate for sizing; operating 7 days a week would 
allow for a lower solids loading and, thus, smaller equipment.  Although it would be possible to operate using a 
single press, installing two presses sized to process 50 percent (each) of the total capacity would provide greater 
flexibility during low demand periods as well as greater reliability in the event one unit requires maintenance.  

The City has indicated that the existing thickener produces residuals at approximately 15 to 20 percent solids.  This 
concentration may be difficult to pump by the filter press fill pumps, and may hinder the ability to disperse the 
residuals uniformly within the plate chambers.  A solids concentration of approximately 10 percent is generally 
more practical.  Operation of the existing thickener in conjunction with a filter press should be evaluated in greater 
detail.  However, it is possible that the solids concentration out of the thickener could be adjusted fairly easily by 
reducing or eliminating the polymer feed to the thickener influent or reducing the residence time in the thickener. 

Incorporation into Existing Treatment Plant 
Because the dewatered residuals “cake” is discharged from the bottom of the filter press, the filter press room 
should optimally be located on an upper floor level where a garage space can be provided below, where trailer 
trucks can be parked to collect the residuals.  The existing garage space at the treatment plant is located directly 
below the laboratory area; thus, a separate garage/filter press building would be necessary.  A conceptual layout for 
the proposed two story dewatering building can be found in Figure 5-1.    

The majority of the existing plant site is already occupied by the treatment plant, Well No. 1, the Poplar Bridge 
Booster Pumping Station, and a stormwater detention pond and walking trails open to the public.  However, it may 
be possible to fit a new filter press building between the treatment plant and Poplar Bridge Road, which would 
minimize the impact of construction on plant operations.  This location is also relatively close to the existing 
thickener.  The turnaround drive adjacent to the pumping station could be modified to provide access to the lower 
garage level of the filter press building, allowing the equipment to be located on the second level directly above.  
Alternatively, the new building could be built into the hill at the area located on the south side of the upper level 
parking lot.  A conceptual site layout showing both potential building locations can be found in Figure 5-2. 
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Figure 5-1  Conceptual Filter Building Layout 
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Figure 5-2  Conceptual Site Layout 
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Cost Evaluation 
The total probable capital cost for the dewatering building would be approximately $4,244,500 and a conceptual 
level opinion of probable cost for the Dewatering Building can be found in Table 5-4.   

Table 5-4  Opinion of Probable Cost for Dewatering Building 

Item Description Quantity Unit Unit Cost ($) Total 

Sitework   LS   $25,000  

Building Structure 7,000 Sq. ft. 160 $1,120,000  

Filter Press Equipment 2 Each 625,000 $1,250,000  

Filter Press Installation   LS   $250,000  

Conveying System   LS   $50,000  

Heating, Ventilation, and AC 7,000 Sq. ft. 15 $105,000  

Plumbing 7,000 Sq. ft. 9 $63,000  

Fire Suppression 7,000 Sq. ft. 4 $28,000  

Process Piping & Pumping   LS   $75,000  

Electrical & Instrumentation     10% $289,000  

General Requirements   10% $297,000 

Subtotal $3,552,000  

Contingency   20% $710,000  

Total $4,262,000  

 
The capital cost for the proposed dewatering facility was based on the following criteria. 

▪ 2010 price levels; 

▪ Budgetary equipment pricing from two filter press manufacturers; 

▪ A conceptual level unit cost of $300 per square foot of a 44-foot by 80-foot, two-story building, assuming cast-
in-place concrete foundation, brick and block walls, and structural concrete support;  

▪ Conceptual level mechanical, plumbing, fire suppression, electrical, and instrumentation and control costs.  
These prices were considered for upper and lower areas of the Dewatering Building.  

▪ Project costs of 25% for contingency and 10% for contractor’s general requirements. 

As discussed previously, the annual operating cost for the City’s current residuals handling method is reported to 
be approximately $580,000, consisting primarily of the following: 

▪ Labor for maintenance staff to truck residuals from the treatment plant to the lagoons. 

▪ Material costs, such as fuel and vehicle maintenance, associated with the tank trucks. 

▪ Contract cost for dredging of lagoons. 

▪ Contract cost for hauling dewatered residuals to ultimate disposal or point of use. 
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If the filter press alternative were implemented, the labor and materials costs associated with trucking the residuals 
to the lagoons and dredging of the lagoons would be eliminated, as the dewatered residuals discharged from the 
filter press would be ready for ultimate disposal.  In addition, the filter presses typically can produce a cake on the 
order of 55-60% solids whereas the current dredging technique yields dewatered solids of 46 to 49% percent.  The 
reduction in solids would account for an estimated annual reduction from 24,000 cubic yards at 49% solids to 
18,000 cubic yards at 60% solids.     

The filter press alternative would, however, require the addition of more mechanical systems for City staff to 
maintain (fill pumps, compressed air system, filter presses, acid wash system) and greater power consumption, 
which may offset some of the savings from eliminating lagooning.   

Additional staff effort would be necessary for operation of the filter press system due to the additional equipment 
as well as the need for operator involvement during the cake-discharge portion of the filter cycle.  However, any 
additional staffing effort would be partially offset by the availability of plant staff currently occupied with driving 
the tank trucks.  The round trip travel time currently expended by plant staff in hauling residuals to the lagoons is 
approximately 42 minutes per trip.  At current average residuals production rates, approximately 8 trips per day are 
required.  This translates to at least 6 hours expended each day on hauling that could otherwise be used for 
operation of the mechanical dewatering system.   

The major cost savings, therefore, would be associated with eliminating the need to excavate dewatered residuals 
from the lagoons (ultimate disposal would still be required).  The City currently expends approximately $442,800 
per year (2010 estimate of 24,000 cubic yards at $18.45 per cubic yard) for lagoon excavation and disposal.  Based 
on the 2010 Lime Softening Residuals – Regional Handling and Disposal Survey, reasonable contract costs for 
hauling dewatered filter press cake for land application could be estimated around $11 and $13 per cubic yard for 
Bloomington.  The estimated cost for lime solids removal for dewatered filter press cake would be $198,000 
(18,000 cubic yards at $11 per cubic yard).   

The cost savings per year would be approximately $242,000 and would translate to a simple payback period of 
17.5 years for the dewatering building.  The 20-Year Present worth of this option compared to existing handling 
methods can be found in Table 5-5.   

Table 5-5  Mechanical Dewatering Cost Summary 

Option 2010 Capital 
Cost 

Dilute Solids 
Annual O&M 

Cost 

Dewatered 
Solids Annual 

O&M cost 

2010 
20 Year Present 

Worth, i=4% 

Current Handling Method - $140,000 $440,000 $7,882,000 

Mechanical Dewatering – 
Brick and Block Building 

$4,262,000 - $198,000 $6,953,000 
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Chapter 6. Supply and Treatment Plan 

6.1 Combined Alternatives Evaluation 
The existing supply from the City’s wells and water treatment plant combined with the contracted supply from the 
City of Minneapolis are adequate to meet current demands as discussed in Chapters 3 and 5.  In addition, the 
existing well supply and treatment capacity are nearly adequate to meet average day demands should an 
interruption in the supply from Minneapolis occur.  For planning purposes, average day demands can be 
considered as representative of water use related to critical needs.  The City should implement the conservation 
measures outlined in the “Water Emergency and Conservation Plan for Bloomington, Minnesota” should an 
interruption of the supply from Minneapolis occur,  to reduce demands to levels within the available treated water 
supply capacity of 14 mgd.  

6.2 Future Supply and Treatment Plan 

6.2.1 Long Term Plan 
The largest component of the City’s treated water supply is the purchase of water from Minneapolis, based on the 
Water Agreement with the City of Minneapolis which expires May 31, 2017.  The supply from Minneapolis is 
reliable and of high quality.  The City should place a high priority on extending this agreement or negotiating a 
new agreement that delivers up to 4,000,000 cubic feet per day (30 mgd) and extends through 2030.  This will 
ensure the availability of adequate treated water supply capacity to meet demands through the planning period.   

If an extended agreement or new agreement with the City of Minneapolis cannot be implemented, the City will 
need to significantly expand its own source of supply and treatment capacity.  With current firm well capacity of 
15.26 mgd and treatment capacity of 14 mgd, Table 6-1 shows the additional capacity that would be required to 
meet MD demands during the planning period.     

Table 6-1 Future Total System Water Volumes – Dry Period – Design, MGD 

  Maximum Day Additional Capacity 

Year (MD) Demands Required 

Customer 
Demand 

System 
Usage 

Raw 
Water 
Supply 

Raw 
Water 
Supply 

Water 
Treatment 

2007 30.65 33.71 37.09 21.83 19.71 

2010 31.49 34.64 38.10 22.84 20.64 

2015 33.41 36.76 40.43 25.17 22.76 

2020 34.44 37.88 41.67 26.41 23.88 

2025 35.45 39.00 42.90 27.64 25.00 

2030 35.82 39.40 43.34 28.08 25.40 
 
As discussed in Chapter 3, the Prairie Du Chien-Jordan and the Franconia-Ironton-Galesville aquifers could 
provide the additional raw water supply capacity.   Assuming the Prairie Du Chien-Jordan aquifer characteristics 
are relatively constant in Bloomington, 10 to 12 additional wells would be required to replace the supply from 
Minneapolis.  For the Franconia-Ironton-Galesville aquifer, 25 to 30 wells would likely be required to replace the 
supply from Minneapolis. 
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The Metropolitan Area Master Water Supply Plan identifies the following issues for expansion of the City’s 
groundwater supply. 

▪ Potential for well interference 

▪ Potential for impacts on surface water features 

▪ Potential for impacts to trout habitat or calcareous fen 

▪ Significant contamination vulnerability 

The first three potential impacts are related to drawdown and flow in the aquifers.  If additional wells are 
constructed in the future, the City should evaluate these potential impacts using the most up-to-date groundwater 
flow model of the area, which is currently Metro Model 2 (1). 

The fourth potential impact is affected by the potential for surface contamination sources and increased pumping.  
If the City expands well capacity, the wellhead protection area would expand and additional potential 
contamination sources would likely be located in the added area.  To minimize the potential for contamination, the 
City should continue to implement the current Wellhead Protection Plan, update it according to the schedule, and 
plan to update it again if well capacity is increased. 

Expansion of the supplemental raw water supply necessitates expansion of the treatment capacity.  The City of 
Bloomington’s existing treatment facility is currently limited to 14 mgd of capacity.  While this capacity is 
sufficient to meet the current average day demands, it is not sufficient to meet peak flows.  The options for 
treatment in this scenario would have to include the construction of new facilities to treat the required flow of 
water.  Several options could be evaluated for treatment and would include the following: 

Expansion of Existing WTP 
The existing WTP is currently located on a development restricted site.  A significant expansion of the facilities to 
accommodate an additional 25 mgd of capacity would be difficult and likely very costly due to the lack of 
available space.  Therefore, it is recommended that other locations be considered for obtaining additional treatment 
capacity.   

New Centralized WTP 
A new, single WTP could be built on available land elsewhere in Bloomington to provide the additional treatment 
capacity required if the Minneapolis production source is not found to be a viable long-term solution.  The City of 
Bloomington currently owns a parcel of land on the south side of the city near Hampshire Avenue and West 111th 
Street.  This location is currently slated for eventual construction of a water treatment facility.  The new centralized 
facility would need to be sized for a raw water flow and treated water production flow of 28 and 25.4 mgd, 
respectively, to meet the 2030 maximum day projections.  Design of the WTP would need to include expansion 
provision for flow past 2030 values. 

The source water for a new facility could utilize the groundwater source if the supply is determined to be adequate.  
If groundwater cannot provide sufficient capacity, a non-groundwater supply could be considered, such as the 
Minnesota River on the south side of Bloomington.  If the proposed treatment facility is located at the West 111th 
Street site, horizontal collector wells or surface water intake could be potential water supply sources.  The 
treatment of surface water and/or ground water under the influence is not advised without a significant study on the 
source water and should only be considered if the groundwater sources were determined to be inadequate.   
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6.2.1.1 New Multiple Packaged WTP 
Another option for increasing treatment capacity would be the construction of multiple smaller-capacity packaged 
water treatment plants strategically located around the city to best suit pressure and flow demands.  This approach 
would allow for incremental expansion and capital outlay on an as needed basis.  The City would need to plan for 
an immediate flow of 20 mgd to come online in 2017 and additional capacity of approximately 6 mgd would need 
to be phased in by 2030.   

In any of the expansion cases outlined above, it should be noted that the capital costs of such a significant 
expansion would be very high relative to the current cost of purchasing water from Minneapolis, and on-going 
operations and maintenance expenses would increase dramatically as well.  Therefore, it is recommended that the 
City develop a strategy for continued purchase of treated water from the City of Minneapolis.   

6.2.2 Short-Term Needs 
It was noted in Chapter 3 that the raw water pumps in Wells 1 and 4 have 27 and 14 feet of submergence 
respectively.  While the submergence is adequate, the pumping water level should be monitored to ensure that 
adequate submergence is maintained.  If pumping water levels drop significantly in Wells 1 and 4, the pump bowls 
should be lowered and/or well rehabilitation should be scheduled.  The pumping water level in Wells 2 and 3 
should also be monitored to ensure adequate submergence is maintained.  It is noted that Well 3 is currently being 
rehabilitated and this may improve its performance and submergence.   
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Chapter 7. Existing Distribution System 

7.1 System Overview 
The City of Bloomington water distribution system is currently supplied by two sources, a Water Treatment Plant 
(WTP) located in the central portion of the system west of Poplar Bridge Road, and an interconnection with 
Minneapolis Water Works at the intersection of 82nd Street and Penn Avenue.  Both sources of supply contain 
finished water clearwells/reservoirs, and convey water to the Normal Zone of the Bloomington distribution system 
utilizing high service pump stations.  The Poplar Bridge Booster Pump station (BPS) is located adjacent to the 
WTP and pumps water from the Normal Zone to the High Zone in the western portion of the distribution system. 
Bloomington’s water distribution system is divided into two main pressure zones: the Normal Zone and the High 
Zone.  The Normal Zone serves the bulk of the system and the High Zone serves a fraction of the system in the 
northwest corner of the City.  An overview of the distribution system including all major system facilities is shown 
in Figure 7-1. 

In general, water produced at the treatment plant or supplied from Minneapolis via the 82nd and Penn High Service 
Pump Station (HSPS) is pumped into the Normal Zone, and the High Zone is supplied by repumping water from 
the Normal Zone via the Poplar Bridge BPS. A discussion of the distribution facilities within each service area is 
presented in the following sections. 

The Normal Zone contains two floating storage tanks (one elevated, one ground) and provides water service to 
customers at a normal hydraulic grade line (HGL) of 982 ft, and serves customers located at ground elevations 
between 741 and 911 ft.  The High Zone, located to the west of the Normal Zone, contains one floating elevated 
storage tank and provides water service to customers at a normal HGL of 1,092 ft, serving customers at ground 
elevations between 849 and 993 ft. 

A hydraulic schematic of the Bloomington Distribution System is shown in Figure 7-2. 

7.2 Normal Zone Distribution Facilities 
The Normal Zone serves the bulk of the Bloomington distribution system and covers the entire service area that is 
not supplied by the High Zone.  Water is supplied to the Normal Zone from the water treatment plant and from the 
82nd and Penn High Service pumping station.  

The static hydraulic grade line in the Normal Zone is about 982 feet as determined by the overflow elevation of the 
Western Reservoir. However, this hydraulic grade line is not sufficient to supply all customers with the service 
pressure goal of 40 psi, and pressures are maintained for some customers by continuous pumping from the WTP 
and from the 82nd and Penn HSPS.  
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Figure 7-1 Bloomington Water Distribution System Overview
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Figure 7-2 Bloomington Water Distribution System Hydraulic Schematic 
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7.2.1 Water Treatment Plant HSPS 
The Water Treatment Plant HSPS is located at 9300 Poplar Bridge Road and takes suction directly from the water 
treatment plant clear well.  The pump station is designed to pump water into the Normal Zone through two 16-inch 
mains and a 12-inch main on Poplar Bridge Road.  The station contains four vertical diffusion vane pumps which 
have a rated total capacity of 15,400 gpm (20.2 mgd) and an actual firm capacity – with the largest pump out of 
service – of 9,800 gpm (14.1 mgd).  It should be noted that the actual operating head is higher than the rated head 
of 126 feet, so the actual pump output is less than the rated capacity. This issue is addressed in detail in Chapter 9. 
Pertinent information regarding the pumps and motors is presented in Table 7-1. 

Table 7-1 Water Treatment Plant HSPS 

 
Pump 

No. 

Rated 
Head 
(ft) 

Rated Capacity Motor 
Size 
(hp) 

Motor 
Speed 
(rpm) 

 
(gpm) 

 
(mgd) 

HSP-1 126 2,100 3.0 100 1,770 

HSP-2 150 4,350 6.3 200 1,770 

HSP-3 126 4,200 6.0 200 1,760 

HSP-4 160 3,500 5.0 200 VFD 

 

7.2.2 82nd and Penn HSPS 
Water is supplied to Bloomington by the City of Minneapolis through two supply lines – 42-inch (Knox) and 36-
inch (Oliver) – which deliver water to two 10 MG ground storage reservoirs located at 82nd and Penn.   The supply 
from Minneapolis is regulated by a water agreement executed in 1997 which allows Bloomington to withdraw a 
maximum of 30 mgd.  The agreement expires in 2017 and requires a minimum withdrawal of 2 mgd.  According 
to the City’s current contract, the Oliver main can be used 24 hours per day and is capable of, providing 18.7 
MGD. The Knox main has limitations set by Minneapolis and can only be used between 10:30 pm and 9:30 am.  
The supply can deliver a maximum flow rate of 24.5 MGD for duration 11 hours, or 11.2 MG. Over 24 hours, the 
two lines can deliver a total of 29.9 MG. 

The 82nd and Penn HSPS is designed to pump from the ground storage reservoirs into the Normal Zone through 24 
and 30-inch mains on 82nd Street.  The station contains five vertical diffusion vane pumping units which have a 
total rated capacity of 32,900 gpm (47.4 mged) and an actual firm capacity of 25,400 gpm (36.6 mgd).  Pumps 
HSP-6, HSP-7, and HSP-9 have 400 hp constant speed motors. Two units, HSP-5 and HSP-8, are driven by 300 hp 
variable speed motors that were installed in 1997.  The 82nd and Penn HSPS is operated based on levels in the 
Valley View Tank, which govern pump operations based on level controls.  Pertinent information on the pumps 
and motors is presented in Table 7-2. 
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Table 7-2 82nd and Penn HSPS 

 
Pump 

No. 

Rated 
Head 
(ft) 

Rated Capacity Motor 
Size 
(hp) 

Motor 
Speed 
(rpm) 

 
(gpm) 

 
(mgd) 

HSP-5 185 5,200 7.5 300 VFD 

HSP-6 175 7,500 10.8 400 1,180 

HSP-7 175 7,500 10.8 400 1,180 

HSP-8 185 5,200 7.5 300 VFD 

HSP-9 175 7,500 10.8 400 1,180 

 

7.2.3 Floating Storage Tanks 
Two floating storage tanks serve the Normal Zone:  The 1.5 million gallon Valley View Tower and the 3.0 million 
gallon Western Reservoir.  Pertinent information for these tanks is presented in Table 7-3.  

Table 7-3 Normal Zone Elevated Tanks 

 
Tank 
Name 

 
 

Location 

 
Capacity 
(mil gal) 

Head 
Range 

(ft) 

Overflow 
Elevation 

(ft) 

Valley View 
Tank 

90th Street, West of 
Portland Avenue 

South 
1.5 35 984.0 

Western 
Reservoir 

Normandale 
Highlands Drive and 

Rich Road 
3.0 42.6 982.0 

7.2.4 Pumped Storage Tanks 
The Normal Zone contains three pumped storage facilities; two are located at the 82nd and Penn HSPS and one at 
the WTP.  These facilities, summarized in Table 7-4, are utilized through excess available pump capacity at their 
respective high service pump stations.  It is noted that the total volumes shown below do not represent the actual 
volume available to the system, as that volume is limited by the magnitude of excess pumping capacity and time.  
Available volumes at each of these pumped storage facilities are examined in Chapter 9.  

Table 7-4 Water Supply Storage Facilities 

 
Tank 
Name 

 
 

Location 

 
Capacity 
(mil gal) 

Head 
Range 

(ft) 

Overflow 
Elevation 

(ft) 

82nd and Penn 
Reservoir No.1 

82nd Street and 
Pennsylvania Avenue 

10.0 35.0 859.0 

82nd and Penn 
Reservoir No.2 

82nd Street and 
Pennsylvania Avenue 

10.0 35.0 859.0 

WTP Clearwell Water Treatment Plant 4.0 22.5 872.5 
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7.3 High Zone Distribution Facilities 
The High Zone serves the northwest corner of the Bloomington system.  Water is supplied to the High Zone 
through the Poplar Bridge BPS.  The Poplar Bridge BPS takes suction from a pipe near the discharge of the water 
treatment plant HSPS.  The static hydraulic grade line in the High Zone is about 1,092 feet, based on the overflow 
elevation in the 1.5 million gallon Northwest Tower, which is the only storage facility serving the zone.   

7.3.1 Poplar Bridge BPS 
The Poplar Bridge BPS is located to the east of the intersection of Poplar Bridge Road and Toledo Avenue South. 
The pumping station is designed to pump water from the discharge of the Water Treatment Plant HSPS.  Four 
pumps with varying capacities are available for use at the Poplar Bridge BPS, which supplies the High Zone from 
the Normal Zone. Pertinent information on the pumps and motors is presented in Table 7-5. The rated total 
capacity of the station is approximately 6,300 gpm (9.0 mgd) and the rated firm capacity is approximately 4,200 
gpm (6.0 mgd).  This station is the only supply for the High Zone. There is no storage facility near the station, 
which is located near the water treatment plant.  

Table 7-5 Poplar Bridge BPS 

 
Pump 

No. 

Rated 
Head 
(ft) 

Rated Capacity Motor 
Size 
(hp) 

Motor 
Speed 
(rpm) 

 
(gpm) 

 
(mgd) 

BPS-1 115 1,400 2.0 55 1,800 

BPS-2 115 2,100 3.0 76 1,800 

BPS-3 115 2,100 3.0 76 1,800 

BPS-4 115 700 1.0 28 1,800 

 

7.3.2 Elevated Tanks 
The Northwest Tower is the only storage tank serving the High Zone. It is located at Pennsylvania Road South and 
West 83rd Street, has a bottom elevation of 1049.5 ft, an overflow volume of 1092 ft, and a total storage volume of 
1.5 MG. The highest elevation customer in the High Zone is 992.5 ft.  Pertinent information on the Northwest 
Tower is presented in Table 7-6. 

Table 7-6 High Zone Elevated Tank 

 
 
 

 

 

 
Tank 
Name 

 
 

Location 

 
Capacity 
(mil gal) 

Head 
Range 

(ft) 

Overflow 
Elevation 

(ft) 

Northwest 
Tower 

Pennsylvania Road 
South and West 83rd 

Street 
1.5 42.5 1,092 
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Chapter 8. Model Update and Calibration Verification 

8.1  Hydraulic Model Update 

8.1.1 Background 
The City of Bloomington’s hydraulic model contains approximately 800 pipes and 500 nodes and was originally 
developed in Cybernet 3.1 format during the 1998 Master Plan Project.  The model has not been updated since that 
time. The skeletal model contains primarily 8-inch distribution mains and all transmission mains 12-inch and 
larger, represented the distribution system without the inclusion of smaller diameter mains serving customers at the 
neighborhood level.  Based on discussions with the City, it was decided to proceed with the existing skeletal model 
as the basis for the 2010 Master Plan, utilizing available system update information to populate the model such that 
it reflected existing conditions.  

In order to bring the model up to date, the City of Bloomington provided Black & Veatch with various system 
update information including water mains added since 1998, updated tank information, detailed pump curves, 
updated elevation information and detailed historical water consumption records.  The City also provided SCADA 
data for use in model calibration.  

At the request of the City, the model was converted to Bentley WaterGEMS V8.1 format.  

8.1.2 Model Update 
Model updates were required in order to refine the model to best match the existing conditions of the distribution 
system.  These updates included update of the pipe network from GIS data, more accurate tank dimensions, 
detailed pump curves, model node elevations, and demand allocation. 

Pipe Network Update from GIS 
The City of Bloomington provided Black & Veatch with a GIS shapefile “3-Water mainlines” which contained all 
existing distribution system pipes.  This file was utilized to update the converted WaterGEMS V8.1 model to 
include all transmission mains (12-inch and larger) as well as all significant 6 and 8-inch looping mains not 
previously included in the skeletal model.  Additionally, the previous skeletal model contained mains which were 
modeled as “equivalent diameters” in order to further simplify the network.  These mains were identified and 
modified to reflect their actual diameters. 

Figure 8-1 displays the skeletal model mains which were added and/or modified in order to update the existing 
model to reflect the changes to the system since the 1998 Master Plan.  For the purposes of initial assignment, all 
mains which were constructed since 1998 were assigned C-Factors of 130, with existing looping mains assigned C-
Factors to match the existing assignments by material within the hydraulic model1.  Added Mains refer to mains 
which were not present in the original skeletal model and were added either due to recent construction or because 
they completed critical loops.  Modified Mains refer to mains which were present in the existing model but were 
modified either due to main replacement or the resolution of “equivalent diameter” pipes which had been 
previously utilized to represent multiple parallel pipelines with a single model pipe. 

                                                      
1 Cast Iron = 100, Ductile Iron = 110, Concrete = 120 
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Figure 8-1 Main Updates to the Hydraulic Model 

With the pipeline infrastructure updated in the hydraulic model, the pipe network was suitable for application as a 
master planning tool pending the results of the of calibration verification. 

Tank Dimensions 
The original model file contained storage tanks with simple cylindrical shapes requiring only a height and diameter 
to determine total volume.  Although sufficient for steady-state runs where water levels in tanks do not change, this 
over-simplification is not ideal for extended period runs which allow water levels to change based on flow rates 
over time.  In order to enhance the accuracy of the storage tanks to reflect reality, detailed head vs. volume curves 
were assigned to each tank in the model, based on construction drawings and other data provided by Bloomington.  
These curves serve to provide the model with the actual shape of each storage tank and allows water levels to 
fluctuate as they would in reality.  The head-volume relationships for each tank are shown in Appendix D. 

Pump Curves 
The original model file contained pump curves which primarily consisted of one to three-point pump curves.  In 
order to increase the accuracy of these pumps as simulated by the hydraulic model, five to six-point pump curves 
were assigned to each pump based on the best available pump data provided by the City.  The pump curves are 
shown in Appendix E.  
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Model Node Elevations 
Pressure Monitoring Points 
The City of Bloomington contains eight pressure monitoring locations (seven water, one wastewater), shown in 
Figure 8-2, which contain pressure transducers that transmit data directly to the SCADA system.  These monitoring 
locations provide enhanced data for systems operators and give insight on service conditions in remote areas of the 
system where such information would be otherwise unavailable.  In addition to their use as real-time tools, these 
pressure locations were used as model calibration indicators during the calibration verification.    

In order to ensure that these pressure points were simulated accurately during the calibration verification, it was 
necessary to confirm accurate elevations for each.  The City of Bloomington provided an up-to date list of 
transducer elevations based on field visits conducted in June of 2010.  These elevations are shown in Table 8-1. 

 
Figure 8-2 Pressure Monitoring Points 

 
Table 8-1  Field-Verified Bloomington Pressure Monitoring Points 

Pressure Point 

Number
Description System

Floor 

Elevation (ft)

Distance from 

Floor (ft)

Pressure 

Transducer 

Elevation (ft)

Pressure Point #1 82nd St distribution header Water 839.8 5 844.8

Pressure Point #2 Fire Station # 3 Water 813.2 4.96 818.2

Pressure Point #3 Public Health Building Water 738.91 0.67 739.6

Pressure Point #4 Western Reservoir Water 938.97 ‐5.24 933.7

Pressure Point #5 Valley View Tower Water 815.9 ‐9.25 806.7

Pressure Point #6 Life Touch Studios Water 826.4 2.93 829.3

Pressure Point #7 Fire Station #6 Water 893.6 3.5 897.1

Pressure Point #8 Cavell Lift Station Waste Water 785.1 3.08 788.2
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Model Nodes 
Because the City of Bloomington hydraulic model is skeletonized, there are not junctions at all areas of the system.  
In some cases, these uncovered areas may contain critical high elevation customers.  Due to this fact, a simple 
elevation extraction based on the elevation point shapefile provided by the City was not appropriate, as that method 
would have potentially omitted a great deal of critical elevation customers which did not happen to coincide with 
the 525 model nodes.  In order to capture the critical customer locations while maintaining the simplicity of a 
skeletonized model, a more complex elevation assignment process was conducted. 

The first step in the elevation assignment process was to obtain an accurate “critical elevation” for each of the 
31,000 customer parcels.  This was accomplished by initiating a spatial join between the parcels and the elevation 
point shapefile.  The resulting join contained a one-to-many relationship, displaying each parcel with a list of 
elevation points it contained.  Utilizing database functions, the maximum elevation contained within each parcel 
was assigned as the elevation for each parcel.  Figure 8-3 illustrates the effects of this process – as shown; the 
parcel is assigned the highest elevation of the spot elevations within its bounds. 

 

Figure 8-3 High Spot Elevation Parcel Assignment 

Following the assignment of a representative maximum elevation to each individual parcel, the second step of the 
elevation assignment process was to determine the maximum elevation customer served by each individual model 
node.  In this manner, the model node elevations reflected the maximum customer elevation (determined by actual 
parcels) for the area that they represent.  As shown in Figure 8-4, the model nodes were assigned the maximum 
elevation of parcels which they represent, not necessarily the elevation where they are located spatially.   
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Figure 8-4 High Parcel Elevation Model Node Assignment 
 

Following the detailed elevation assignment process to update the Pressure Monitoring Points and general model 
node elevations, the hydraulic model was suitable for application as a master planning tool which accurately 
predicts critical pressures throughout the distribution system. 

Demand Allocation 
A detailed demand allocation was conducted to spatially locate billed consumption (from 2007 historical customer 
meter records) throughout the model based on each customer’s actual physical location. 

Geocoding 
Accurate demand allocation depends greatly on the ability to spatially locate actual customer billing meters 
throughout the distribution system, a process known as geocoding.  The City of Bloomington provided a parcels 
shapefile which contained accurate spatial information for each customer in the system.  In order to transfer the 
location of each parcel to a single, locatable point, a “water meters” shapefile was created at the centroid of each 
individual parcel.  This meter file contained all of the parcel attributes, including a “PINS_NO” field.  This field, 
representing a unique customer ID number, was then related to actual billing records.  Through the linkage of these 
two data sets, a set of geocoded demands for each customer was generated.   

In many cases, database matches such as this yield poor correlations and must be supplemented with secondary 
methodologies; however, the Bloomington data matched up extremely well, with 99.8% 2  of customer records 
able to be geocoded utilizing the unique customer ID.  The remaining 45 customers who could not be geocoded by 
this method were geocoded manually.  The manually geocoded customers are shown in Appendix F.    

                                                      
2 24,483 out of 24,528 2007 customers 
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Network Trace 
In general, with an all-pipes model, demand allocation can be accomplished by attributing geocoded meter 
demands to the nearest model junction; however, in a skeletal model there is an added layer of complexity which 
must be accounted for.  Because a skeletal model does not contain distribution level detail (8-inch and smaller 
main) in all areas of the system, it is likely that in some cases the “nearest node” to a customer meter is not actually 
a reasonable allocation of that demand.  In order to gain an understanding of which model nodes most accurately 
represent each customer meter, a network trace of the GIS pipes (which contained all distribution system 
infrastructure) was conducted.   

The City provided an all-pipes GIS shapefile which represented the entirety of the Bloomington system.  In order 
to connect each individual customer water meter to the GIS distribution system, service laterals were produced by 
generating a perpendicular line from each meter to the nearest GIS water main.  In order to accurately relate the 
GIS trace to the hydraulic model, nodes from the skeletonized WaterGEMs model were exported to GIS and 
snapped to the nearest GIS water main endpoint (associated by pipe diameter and material for enhanced accuracy).   

Following this procedure, a geometric network was created as the first step towards ensuring connectivity.  The 
geometric network processes all features in one network as either an edge or a junction, allowing the analyst to 
define the roles that each feature will take.  In this case, all components were moved to be coincident with the GIS 
water mains as those were assumed to be the most spatially accurate. 

The second step which was conducted in order to confirm connectivity was the creation of a topology data set.  
This process allowed for the creation of rules which flagged features that were not spatially coincident with the 
GIS water mains and allowed them to be adjusted manually. 

Thirdly, a network data set – which is a system of interconnected elements (e.g. lines which connect points) – was 
created.  Connectivity is a vital prerequisite to a successful network trace because any missing connection can 
result in a significant inaccuracy in the tracing process.  Creation of the network data set not only verifies the 
coincidence of all features, but also allows for the addition of impedances (e.g. zone boundaries) which will govern 
the network trace. 

Finally, a network analysis layer was created which allowed for a “closest facility” analysis to be conducted on the 
network.  A facility location input was comprised of the model nodes and an incident location input comprised of 
the water meters, which allowed the analysis to trace through the network from each meter to each model node, 
and selecting the water meter/model node pair which represented the shortest distance.  The result was a traced 
route from each meter to the corresponding closest model node.   

The fundamental benefit of a network trace is that opposed to joining customer meters with model nodes based on 
the closest straight-line distance, it joins based on the closest route through the actual distribution network 
pipelines.  As shown in Figure 8-5, if the “nearest node” methodology had been utilized, customer meter 
1802724220018 would have been incorrectly allocated to model node 337; the network trace correctly allocated 
that meter to model node 573, which is the closest path through the distribution system pipes. 
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Figure 8-5 Network Trace Demand Allocation 

Following the demand allocation, a total of 12.58 mgd had been allocated to the model nodes, representing the 
actual 2007 average day billed consumption.  Based on the spatial location of the consumption, 10.98 mgd was 
allocated to the Normal Zone, and 1.60 mgd to the High Zone.  The total system demand, however, is equal to the 
billed consumption plus non-revenue water (NRW).  Based on an estimate of 10% NRW (Chapter 2), the total 
demand breakdown is: 

▪ Total 2007 Demand: 13.84 mgd 
o Normal Zone Demand: 12.07 mgd 

 Normal Zone ADD: 10.98 mgd 
 Normal Zone NRW: 1.10 

o High Zone Demand: 1.76 mgd 
 High Zone ADD: 1.60 mgd 
 High Zone NRW: 0.160 mgd 

It is noted that because the spatial location of non-revenue water is not known, NRW was divided evenly amongst 
all model nodes in each pressure zone. 

8.2 Model Calibration Verification 
Following the update of the hydraulic model to reflect existing system conditions, a calibration verification was 
conducted in order to confirm that the updated model was sufficiently calibrated for use as a master planning tool.  

The City of Bloomington records and maintains SCADA data at each of the major system facilities including 
pump station flows, tank levels and pressure monitoring locations.  Due to this fact, it was possible to conduct an 
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Extended Period Simulation (EPS) model calibration verification of the distribution system.  An EPS, which 
allows for the hydraulic model to simulate an entire 24-hour period, is the preferred calibration methodology and 
provides a clear indication of the ability of the hydraulic model to simulate reality. 

The following presents the steps which were required to verify the calibration of the Bloomington Hydraulic 
Model. 

8.2.1 Calibration Verification Day 
When verifying the calibration of a hydraulic model, the most information can be gleaned about the ability of the 
system to simulate reality when the system is stressed to the greatest degree possible.  As such, a maximum 
demand day during which time there are no system irregularities (main breaks, pump tests, etc) is ideal.  Based on 
those criteria, historical SCADA data was reviewed and August 30th, 2007 – a day with a recorded demand of 
30.27 mgd – was selected. 

8.2.2 Diurnal Demand Curve Development 
In order to conduct a 24-hour EPS calibration verification, it was necessary to calculate the system demands (on a 
zone-specific basis) at each of the 24 distinct simulation time steps.  This was accomplished through a mass-
balance calculation utilizing the available SCADA data to relate pump station flows and changing tank levels 
(converted to flow rates) to zone-specific demands: 

Normal Zone Demand = 

WTP HSPS Flow + ∆WTP Clearwell Level + 82nd and Penn HSPS Flow + ∆82nd and Penn Reservoir 
(adjusted by the Minneapolis Supply Rate) + ∆Western Reservoir Level + ∆ Valley View Tower Level – 
Poplar Bridge PS Flow 

High Zone Demand =  

 Poplar Bridge PS Flow + ∆Northwest Tower Level 

Based on the mass balance calculations above, time-specific demands were calculated for each of the 24 hours 
during the calibration day of August 30th, 2007.  The results of this calculation were then divided by the average 
demand on that day in order to generate a normalized diurnal demand curve for each zone.  These diurnal demands 
are shown in Figure 8-6. 
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Diurnal Demand Curve (7/30/07)
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Figure 8-6 Calibration Verification Day (8/30/07) Diurnal Demand Curves 

8.2.3 EPS Calibration Verification Model System Set-Up: 
In order to simulate the conditions on August 30th, 2007, the hydraulic model was updated as follows: 

▪ A model scenario, Calibration 8/30/07 (30.27 mgd) was created in the WaterGEMs hydraulic model 

▪ The 2007 demand alternative representing the spatial allocation of customer demands was scaled to match the 
demands recorded on August 30th 2007.  This was accomplished by globally scaling the demand nodes in the 
Normal Zone and the High Zone to 25.91 mgd and 4.36 mgd, respectively.  A new demand alternative, 
“Calibration 8/30/07 (30.27 mgd)” was created 

▪ Reservoir level patterns were set at both the WTP Clearwell and the 82nd and Penn Reservoir based on the 
SCADA data in order to accurately simulate suction pressures and the high service pump stations 

▪ Pumps were set to operate using time of day controls to pump during the hours which they operated (as 
indicated by the pump station flows in the SCADA data).  Pump on/off status was not available so it was 
necessary to infer pump status from the recorded flow rates 

▪ Tank levels at each of the three floating storage facilities were set to their initial starting level per the SCADA 
data 

8.2.4 EPS Calibration Verification Results: 
Following the updates outlined above, the hydraulic model was simulated in order to verify that it was calibrated.  
Some small adjustments were made to minor loss coefficients at the pump stations in order to account for pump 
degradation and improve the flow correlation, but no other adjustments were required.   

Based on the availability of SCADA data, the Bloomington Model contained a total of 13 points of calibration: 
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▪ Pump Station Flows: WTP High Service Pump Station, 82nd and Penn High Pump Station, Poplar Bridge 
Booster Pump Station 

▪ Tank Levels: Western Reservoir, Valley View Tower, Northwest Tower 

▪ Pressure Points: Pressure Points #1 – #7  

Pump Station Flows 
Table 8-2 displays the statistical correlation (percent-error3) between the SCADA-recorded flows and the flows 
predicted by the hydraulic model.  The percentages shown in the table represent the average percent-error for each 
pump station facility over the 24 individual EPS time steps.  Figure 8-7 displays the hourly flow comparison graph 
for the WTP High Service Pump Station.  A complete set of hourly flow comparison graphs for each pump station 
are included in Appendix G. 

Table 8-2  Flow Calibration Statistics 

Pump Station
Within 20% of SCADA-

Recorded Flows
Within 15% of SCADA-

Recorded Flows
Within 10% of SCADA-

Recorded Flows
Within 5% of SCADA-

Recorded Flows
82nd and Penn HSPS 92% 92% 88% 67%

WTP HSPS 100% 100% 100% 88%
Poplar BPS 96% 96% 96% 71%

Average 96% 96% 94% 75%  
 

WTP Pump Station Calibration
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Figure 8-7 WTP HSPS Flow Calibration Comparison  

                                                      
3 Percent Error = ((SCADA Reading – Model Reading) ÷ SCADA Reading) x 100 
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As shown in Table 8-3, there is a high statistical correlation between the pump station flows simulated by the 
model and those recorded by SCADA.  94% of modeled flows are within 10% of the SCADA-recorded flows, and 
75% are within 5%.  These results are indicative of a high degree of calibration at the model pump stations.  It is 
noted that the lowest correlation exists between the SCADA-recorded flows and the model predicted flows at the 
82nd and Penn Pump Station – this is likely due to the fact that 82nd and Penn pumps #5 and #8 operate on variable 
frequency drives, and it is more difficult to match flows produced at this pump station without knowing the 
operating speeds of the pumps. 

Tank Levels 
Table 8-3 displays the statistical correlation (percent-error) between the SCADA-recorded tank levels and the tank 
levels predicted by the hydraulic model.  The percentages shown in the table represent the average percent-error for 
each floating storage facility over the 24 individual EPS time steps.  Figure 8-8 displays the hourly tank level 
comparison graph for the Northwest Tower.  A complete set of hourly tank level comparison graphs for each tank 
are included in Appendix G. 

Table 8-3  Tank Calibration Statistics 

Tanks
Within 5 ft of SCADA-

Recorded Levels
Within 4 ft of SCADA-

Recorded Levels
Within 3 ft of SCADA-

Recorded Levels
Within 2 ft of SCADA-

Recorded Levels
Within 1 ft of SCADA-

Recorded Levels
Western Reservoir 100% 100% 100% 96% 46%
Valley View Tower 100% 100% 75% 54% 38%
Northwest Tower 100% 100% 100% 100% 100%

Average 100% 100% 92% 83% 61%  
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Figure 8-8 Northwest Tower Tank Level Calibration Comparison 

As shown in Table 8-4, there is a high statistical correlation between the tank levels simulated by the model and 
those recorded by SCADA.  92% of the modeled tank levels are within 3 ft of the SCADA-recorded levels and 
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more than 60% are within 1 ft.  These results are indicative of a high degree of calibration at the model tanks.  It is 
noted that the lowest correlation exists between the SCADA-recorded levels and the model predicted levels at the 
Valley View Tower – this is likely due to the fact that the 82nd and Penn Pump Station is the primary supply to the 
tank, and the lower correlation of flow readings cascades to the model predicted tank levels.  It is noted that while 
the Valley View Tower tank level calibration correlation is the lowest of the three tanks, it is still very good – the 
model predicts levels within 3 ft of SCADA-recorded levels more than 75% of the time, corresponding to a 
pressure differential at customer locations served by the tank of less than 1.3 psi.  

Pressure Point Pressures 
Table 8-4 displays the statistical correlation (percent-error) between the SCADA-recorded pressures and the 
pressures predicted by the hydraulic model at all seven Pressure Point Locations.  The percentages shown in the 
table represent the average percent-error for each pressure point location over the 24 individual EPS time steps.  
Figure 8-9 displays the hourly pressure comparison graph Pressure Point #3 – Public Health Building.  A complete 
set of hourly pressure comparison graphs for each pressure point are included in Appendix G. 

Table 8-4  Pressure Calibration Statistics 

Within 10 psi of SCADA-
Recorded Pressures

Within 8 psi of SCADA-
Recorded Pressures

Within 6 psi of SCADA-
Recorded Pressures

Within 4 psi of SCADA-
Recorded Pressures

Within 2 psi of SCADA-
Recorded Pressures

#1
82nd St. 

Distribution 
Header

100% 96% 92% 88% 63%

#2 Fire Station #3 100% 96% 88% 83% 67%

#3
Public Health 

Building
100% 96% 92% 92% 83%

#4
Western 

Reservoir
100% 96% 92% 88% 46%

#5
Valley View 

Tower
100% 96% 92% 92% 88%

#6
Life Touch 

Studios
100% 96% 88% 58% 33%

#7 Fire Station #6 96% 71% 63% 54% 29%

99% 92% 86% 79% 58%

Pressure Points

Average
 



 CHAPTER 8. MODEL UPDATE AND CALIBRATION VERIFICATION 
 City of Bloomington 2010 Water System Master Plan  

Black & Veatch January 2011 Page  8-13 

Pressure Point 3 - Public Health Building
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Figure 8-9 Pressure Point #3 Pressure Calibration Comparison 

As shown in Table 8-4, there is a good statistical correlation between the pressures simulated by the model and 
those recorded by SCADA.  86% of pressure point pressures simulated by the model are within 6 psi of those 
recorded by SCADA, with 79% within 4 psi and 58% within 2 psi.  These results are indicative of a satisfactory 
degree of calibration at the pressure point locations.  Although the results at the pressure points do not meet the 
high degree of correlation shown by the pump stations and the tanks, they are still adequate for use at the master 
planning, skeletal model level. 

Additionally, pressure transducers are not guaranteed to be accurate and it is common for a gauge to have an error 
of 10% or more.  Without a recent calibration of each pressure point transducer using a dead-weight tester, it is not 
possible to know whether the difference between the model and SCADA is attributable to the quality of model 
calibration, or systematic gauge errors in the field.  For example, Figure 8-10 displays a comparison graph between 
the SCADA-recorded HGL at Pressure Point #6 and the SCADA-recorded HGL at the discharge header of the 82nd 
and Penn HSPS.  As shown, the HGLs recorded at Pressure Point #6 are consistently approximately 10 ft higher 
than the HGL recorded at the source of supply – which is not physically possible.  Because the pressure transducer 
elevations have been confirmed by the City to be accurate, the most probably explanation for this error is that the 
accuracy of the pressure transducer at Pressure Point #6 is off by at least 10 ft (4.3 psi).  Alternatively, the error 
could be due to datum irregularities at the pressure point site – transducer elevations were calculated based on the 
height above the floor. 

Given the example illustrated in Figure 8-10, the accuracy of the pressure readings at each of the pressure point 
locations must be called into question, and given the high degree of calibration shown at the pump stations and the 
tanks, the lower degree of calibration at the pressure points is not a concern.   Further accuracy of calibration could 
be obtained through the implementation of a robust field testing program including transducer calibration and 
testing, C-Factor (loss of head) Tests and Hydrant Capacity Tests.   
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Pressure Point 6 - Life Touch Studios Systematic Error
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Figure 8-10 Systematic Pressure Transducer Error (Pressure Point #6) 

Calibration Verification Conclusion: 
In order to confirm that the calibration verification results were in line with the industry standard, the AWWA 
Journal (November, 2007) article Quantitative Results of EPS Model Calibrations with a Comparison to Industry 
Guidelines (Appendix H) was utilized.  The article, which contained seven peer-reviewed case studies of US Water 
System’s Hydraulic Models deemed reliable by operations staff to predict system performance, was used as a 
benchmark by which to compare the results of the Bloomington Calibration Verification.  

Figure 8-11 displays a comparison between the Bloomington calibration verification flow results and the seven 
case studies detailed by the AWWA Journal article.  As shown, the results for Bloomington meet or exceed the 
case studies in almost all instances.  This indicates that the Bloomington model pump station flows can be 
considered well calibrated. 

96% 96% 94%

75%

Bloomington

96% 96% 94%

75%

Bloomington

 

Figure 8-11 Comparison of Bloomington Flow Calibration Results to AWWA Case Studies 
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Figure 8-12 displays a comparison between the Bloomington calibration verification tank level results and the 
seven case studies detailed by the AWWA Journal article.  As shown, the results for Bloomington meet or exceed 
the case studies in almost all instances.  This indicates that the Bloomington model tank levels can be considered 
well calibrated. 

Bloomington

100%

83%

100%

92%

61%

Bloomington

100%

83%

100%
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61%

  

Figure 8-12 Comparison of Bloomington Tank Level Calibration Results to AWWA Case Studies 

Figure 8-13 displays a comparison between the Bloomington calibration verification pressure point pressure results 
and the seven case studies detailed by the AWWA Journal article.  As shown, the results for Bloomington meet or 
exceed the case studies in almost all instances.  This indicates that – despite the potential pressure transducer 
inaccuracies described above – the Bloomington model pressures can be considered well calibrated. 
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Figure 8-13 Comparison of Bloomington Pressure Calibration Results to AWWA Case Studies 
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Based on the results detailed above, it is of Black & Veatch’s opinion that the City of Bloomington Hydraulic 
Model is sufficiently verified to be calibrated for use as a system planning tool under the scope of this Master Plan 
Project. 

 



 CHAPTER 9. DISTRIBUTION SYSTEM EVALUATION 
 City of Bloomington 2010 Water System Master Plan  

Black & Veatch January 2011 Page  9-1 

Chapter 9. Distribution System Evaluation 
In order to evaluate the water system, both existing and in the future, a set of benchmarks were required to allow 
for objective analysis.  These performance criteria, including storage, pumping, pressure and fire flow, allowed for 
the existing facilities to be evaluated with respect to increasing customer demands throughout the planning horizon.  
Through this process, specific deficiencies were identified and addressed on a facilities basis. 

Utilizing the planned facilities improvements, the hydraulic model was employed – based on the facilities 
improvements – to evaluate the distribution system (water mains, tank locations, pressure zone boundaries) 
throughout the 2030 planning horizon.  The results of these analyses were the basis for the Capital Improvement 
Plan in Chapter 11. 

9.1 Performance Criteria 
The performance criteria used in evaluating the City of Bloomington water distribution system was established as 
the basis for comparing the existing and future distribution system characteristics with appropriate regulatory 
agency and water industry goals, standards, and guidelines. A secondary objective was to provide a set of 
guidelines for prioritizing projects once they had been identified. The following performance parameters were used 
in evaluating the Bloomington water distribution system: 

▪ Pump Station Sizing 

▪ Storage Volume 

▪ Pressure 

▪ Pipeline Sizing 

▪ Available Fire Flow 

The following presents an overview of the evaluation criteria for each performance parameter.  These criteria were 
presented and approved by the City of Bloomington for use in the hydraulic analyses. 

9.1.1 Pump Station Sizing 
Pump capacity should be provided to efficiently meet projected demands throughout the planning horizon.  Pump 
station capacities should be somewhat greater than projected demand to provide a cushion for greater flexibility in 
system operations and to minimize the potential for marginal operations due to system growth and/or expansion.  
Adequate lead time should be allowed for financing, permitting, design, and construction activities associated with 
a new station or existing station expansion. 

Pump station sizing criteria apply to two different types of pumps stations – those that provide a source of supply to 
a pressure zone or system and those facilitating pumped storage.  Examples of system supply pumps include well 
pumps, high service pumps at a water treatment plant (WTP), and booster pumps that deliver water from one 
pressure zone to another.  Pumps that deliver water from ground storage tanks that are below the system gradient 
are utilized for pumped storage.  In the case of Bloomington, because of the size of the 82nd and Penn Reservoirs 
and the limited elevated storage in the system, the pumps at 82 nd and Penn serve in both the supply and the storage 
capacity. 

Both supply and storage pump stations are evaluated with respect to their total and firm capacities.  The firm 
capacity of the pump station is the total capacity assuming the largest pump is out of service. 
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Supply Pump Stations 
Supply pumps are generally sized for meeting maximum day demand.  Distribution storage should be relied upon 
for providing equalization storage to satisfy that portion of the diurnal peak demand that exceeds the maximum day 
rate and to provide fire storage to satisfy fire demands.  If the supply pumps are not capable of meeting the 
maximum day demand, then distribution storage, if available, will be depleted at the beginning of the following 
day.  If a system experiences successive days of very high demands, then the cumulative storage depletion will 
begin to reduce the level of service under normal conditions and/or adversely impact the system’s ability to 
respond to emergencies such as fires or main breaks.  The service goal for supply pump stations is that their firm 
capacity be greater than the MDD of the pressure zone being served. 

Storage Pump Stations 
Pump stations that deliver water from pumped storage facilities should be sized to deliver the estimated volume of 
equalization storage that is required to meet system demands that are above the amount that can be provided from 
the source(s) of supply and from any gravity storage. Firm pump capacity should exceed the MDD equalization 
rate in order to meet the service goal.  If the pumped storage is to be utilized to meet fire flow requirements, the 
pumping capacity should also be sufficient to provide fire flow at the rate needed to meet the maximum fire flow 
event within each storage tank’s area of influence.     

Pump stations that fulfill a dual function of providing source of supply and delivering water from storage should 
maintain sufficient total capacity to meet the individual requirements for both functions.  Examples include high 
service pumps delivering water from finished water storage (82nd and Penn Reservoirs) and booster pumps 
delivering water into a higher pressure zone (Poplar Bridge PS).  If adequate pumping capacity from storage is not 
provided, then the volume of storage that cannot be delivered to the system in the relevant time period is 
considered ineffective. 

9.1.2 Storage Volume 
To determine the appropriate sizing for storage facilities, specific volumes must be assigned to each component of 
the overall storage volume within each pressure zone or service area.  The criteria for determining the required 
volume for each component of storage are founded on principles in AWWA Manual of Practice M32.  Using these 
criteria, the volume of each component can be determined and summed. The principal components of distribution 
storage are: 

▪ Equalization Storage permits supply/booster pump stations to be sized for and operate at a capacity equal to 
the MDD, with excess demand during peak hours supplied from storage. Required equalization storage is 
calculated by analyzing maximum day diurnal demand patterns to determine the volume of water greater than 
MDD that will be required by the system.  The service pressure goal for equalization storage is 40 psi to all 
customers, with a minimum acceptable performance of 30 psi. 

▪ Fire Reserve is the volume of storage that is maintained for fire-fighting purposes.  According to ISO 
methodology, the maximum fire flow required to be provided by a distribution system is 3,500 gpm for a three 
hour period. This is equal to a storage volume of 630,000 gallons. The minimum residual pressure during fire 
flow is 20 psi. 

▪ Emergency storage is the volume of storage that is maintained to satisfy demand during an event that disrupts 
supply to either the entire system or parts thereof.  The criteria for determining the needed emergency storage 
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volume are more subjective than for equalization or fire storage. It depends on the likelihood of events that 
could adversely affect the water supply, the desired level of service to be maintained throughout the event, and 
a utility’s tolerance for risk. In this study, it was agreed that one-half the average day demand (ADD) over a 
24-hour period was a reasonable allowance. Emergency supply should be available at a minimum pressure of 
20 psi. 

In general, distribution storage is configured either as floating storage (elevated tanks or ground storage which can 
serve the distribution system by gravity) or pumped storage.  The term “effective” or “available” storage refers to 
the portion of the total storage volume that can be considered available to meet the required storage components, 
(equalization, fire reserve, or emergency reserve) while maintaining adequate system pressures. For pumped 
storage to be considered effective, the pumping station must have sufficient firm capacity in excess of that required 
to meet maximum day demand. 

9.1.3 Pressure 
Pressure is an important indicator of the hydraulic performance of distribution systems and can have a direct 
impact on customer satisfaction.  Criteria for evaluating the adequacy of distribution system pressures include the 
following: 

▪ Minimum pressure under normal, non-emergency conditions: 40 psi  

▪ Minimum pressure under all conditions, including fires and other emergencies: 20 psi 

▪ Maximum pressure under all conditions: 100 psi 

The minimum pressure service goal under normal conditions is 40 psi1. Under emergency conditions, the pressure 
service goal is 20 psi.  The intent of the 20 psi minimum pressure requirement is to minimize the potential for 
deteriorated water quality from backflow and infiltration and provide sufficient pressure for use of fire-fighting 
apparatus.  Targeting higher minimum pressures (in the range of 40 psi) will help to establish a safety factor for 
overcoming service limitations posed by losses that occur through the distribution network, customer service lines 
and customer plumbing and appurtenances. 

The most significant concern with distribution pressures less then 20 psi is the potential for contaminant backflow 
and subsequent water quality deterioration.  Accordingly, any distribution system locations in which variances for 
pressures less than 20 psi are deemed acceptable should undergo a comprehensive and continuous risk assessment 
program, including:  assessment of proximity to contaminant sources, e.g., cross-connections, leak detection, 
flushing (to maintain disinfectant residual as high as possible), and water quality and pressure monitoring. 

9.1.4 Pipeline Sizing 
The primary criteria for evaluating pipeline sizing include pipe velocity and head loss per thousand feet.  Factors 
influencing these criteria include a pipeline’s age, material, lining status, and its physical condition.  Pipe velocity 
can be an important factor in reducing the potential for harmful hydraulic transients; however, the indirect effect of 
velocity on head loss is the primary consideration.  Criteria for evaluating the adequacy of distribution system 
pipelines include the following: 

▪ Pipeline Velocity: Less than 5 feet per second (ft/sec) under peak hour demand 

                                                      
1 Based on conversations with the City of Bloomington, the minimum acceptable pressure under all conditions is 35 psi, 
with 40 psi as the goal 
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▪ Pipeline Headloss Gradient: Less than 5 feet per thousand feet (HL1000) under peak hour demand  

Excessive pipe velocities may indicate inadequate pipe capacity and trigger the need for replacement with a larger 
diameter pipe or reinforcement/parallel main.  High velocities, which induce higher headloss gradients, can lead to 
pressure issues throughout the distribution system and can also lead to system reliability issues (main breaks, etc) 
when velocities/headloss gradients are excessively high. 

9.1.5 Fire Flow 
Water systems should be sized to deliver recommended fire flows during maximum day demand for a prescribed 
minimum duration. The model-predicted fire flow under maximum day demand conditions at a given residual 
pressure requirement is the primary basis for assessing fire flow adequacy. 

The ISO recommends a minimum fire flow of 500 gpm and a maximum fire flow of 12,000 gpm.  However, for 
insurance rating purposes, 3,500 gpm for a 3-hour duration is the maximum fire flow required to be supplied by a 
municipal water system.  Under all conditions, a minimum residual pressure of 20 psi should be maintained.  
AWWA also recommends a minimum fire flow of 500 gpm and indicates that 3,500 gpm is a practical maximum 
design limit for a municipal system.  Properties which require fire flows greater than 3,500 gpm are expected to 
provide their own fire pumping and/or storage facilities.   

For the City of Bloomington, the maximum fire flow of 3,500 gpm for three hours at a zone-wide residual pressure 
of 20 psi is the goal, with a minimum fire flow at residential customers of 1,000 gpm. 

 Summary 
A summary of the performance criteria service goals which were utilized to evaluate the City of Bloomington’s 
water distribution system is provided in Table 9-1. 
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Table 9-1  City of Bloomington Water Distribution System Performance Criteria Summary 

Parameter Criteria/Description Service Goals 
Minimum Acceptable 

Performance 
Comments 

Fire Flow 

Minimum Flow 1,000 gpm 1,000 gpm 
The minimum flow is the minimum fire flow required for 

residential areas 

Maximum Flow 3,500gpm 3,500 gpm 
The maximum flow is the maximum fire flow to be 

provided by the system 

Minimum Residual Pressure 20 psi 20 psi 
Insufficient residual pressure indicates need for greater pipe 

capacity 

Storage Volume 

Equalization Volume MDD x Equalization Rate 
Equalization rate for each pressure zone based on diurnal 

curve and supply pattern 

Fire Reserve 3,500 gpm for 3 hours 
Assuming that at least one location in each pressure zone 

requires a fire flow of 3,500 gpm 

Emergency Reserve 1/2 ADD 

Emergency volume can be transferred from other pressure 
zones if by gravity or adequate pumping capacity if 

available under back-up power. Should be available at a 
minimum pressure of 20 psi, i.e., be effective storage. 

Pipeline 
Hydraulic 
Analysis 

Maximum Velocity < 5 ft/sec peak hour demand N/A   

Maximum Head loss (HL) 
per 1,000 Feet 

< 5 ft peak hour demand N/A 
This parameter is used to identify pipes that may be 

contributing to pressure and/or flow deficiencies. 

Pump Station 
Sizing 

Supply and Zone Transfer 
Facilities  

Firm Capacity > MDD (Within 
each pressure zone) 

Total Capacity > MDD  
For dual purpose (supply and storage) pump stations, only 

available pump capacity above the required supply capacity 
can be considered available for delivering water from 

storage 

Pumped Storage Facilities 
(WTP Clearwell, 82 nd and 

Penn Reservoir) 

Firm capacity of storage pumps 
within each zone > Required 

MD equalization delivery rate;  
Total Capacity > fire flow rate 

Total Capacity > Rate Req'd 
to deliver greater of MD 
Equalization Volume OR 

Fire Flow 

Pressure 

Minimum Pressure - Normal 
Conditions 

>40 psi under peak hour 
demand 

> 35 psi under peak hour 
demand 

  
 

Minimum Pressure - Fire 
Flow Conditions 

 > 20 psi under fire flow 
conditions 

 > 20 psi under fire flow 
conditions 

  

Maximum Pressure – 
Normal Conditions <100 psi < 100 psi  
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9.2 General Assessment 
An assessment was completed to determine the size, capacity and approximate location of treatment, supply, 
storage, pumping facilities and the transmission pipeline network necessary to serve current and future demands 
based on the performance criteria presented previously in this chapter.  The locations of supply sources and storage 
reservoirs can significantly influence the size and arrangement of pipelines in the transmission network, and must 
be considered prior to the commencement of hydraulic modeling.  The general assessment presented in this 
section, followed by hydraulic modeling described later in the next section, will result in a system of supply, 
storage, pumping and transmission pipeline components considered optimal for meeting the water service 
requirements of Bloomington throughout the planning horizon.   

9.2.1 Assessment of Service Zones 
The existing Bloomington service area is divided into two pressure zones: the Normal Zone and the High Zone, 
shown in Figure 9-1.   

 

Figure 9-1 City of Bloomington Pressure Zones 

The Normal Zone, with a nominal hydraulic grade line (HGL) of 984 ft, serves customers located at ground 
elevations between 741 and 911 ft at maximum static pressures between 105 psi and 32 psi with the elevated 
storage tanks at overflow.  With the storage tanks at half full following depletion by contribution of equalization 
volume, the zone is predicted to deliver static pressure between 97 psi and 24 psi.   

The High Zone, with a normal hydraulic grade line (HGL) of 1,092 ft, serves customers located at ground 
elevations between 849 and 993 ft at maximum static pressures between 105 psi and 43 psi with the elevated 
storage tank at overflow.  With the storage tank at half full following depletion by contribution of equalization 
volume, the zone is predicted to deliver static pressure between 97 psi and 35 psi.   
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Figure 9-2 displays the predicted static pressures throughout the Bloomington distribution following the drawdown 
of the elevated storage tanks on a maximum day. 

 

Figure 9-2 Predicted Static Pressures following Equalization on a Maximum Day 

Although the lowest and highest operating pressures within each pressure zone can be expected to vary from the 
above approximations because of different operating conditions, those static pressures approximate the operating 
pressure range and can be used for initial assessment of a pressure zone’s ability to meet service pressure criteria.  
Triggers for further assessment are low static pressures below 40 psi and high static pressures above 90 psi.  Static 
pressures below 40 psi at the highest ground elevations indicate areas where additional reservoir draw-down and/or 
headloss during peak demands may cause system operating pressures that could drop below 35 psi.  Static 
pressures above 90 psi at the lowest ground elevations indicate areas where system operating pressures may require 
adjustment of pressure zone boundaries and/or provision of PRVs on service lines to control delivery pressure.  

The existing pressure zones are largely well implemented to meet the pressure performance criteria outlined at the 
beginning of this chapter.     Those areas not capable of being served by the existing configuration (red nodes in 
Figure 9-2) could be improved through shifting the zone boundary in the vicinity of the Western Reservoir and 
installing individual customer booster pumps at customers remote from the zone boundary. 

9.2.2 Assessment of Treatment/Supply 
Although a system-wide treatment/supply capacity criterion was not established as part of the performance criteria, 
the analysis of treatment capacity adequacy is necessary as a first step in assessing the overall adequacy of 
Bloomington’s water distribution system facilities.  Insufficient treatment capacity must be addressed as a primary 
component of the overall improvement approach for the system. 
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This analysis considers treatment capacity to be the factor limiting the quantity of water which can be delivered to 
the system from a particular plant/location.  Also, high service pumping capacity is not considered to be a limiting 
factor. 

Summary of Water Treatment/Supply Facilities 
The Blooming water distribution system includes two water treatment/supply facilities, the Water Treatment Plant 
and the finished water supply from Minneapolis at 82nd and Penn. 

Water Treatment Plant 
The Bloomington Water Treatment Plant is located to the west of the intersection of Poplar Bridge Road and 
Toledo Avenue South.  The plant treats groundwater from supply wells within the city and is capable of treating up 
to 14.0 mgd per day. 

Minneapolis Supply 
The Minneapolis Supply is located to the east of the intersection of 82nd Street and Pennsylvania Avenue.  The 
supply is provided from the City of Minneapolis through two supply lines – 42-inch (Knox) and 36-inch (Oliver), 
which deliver water to two 10 MG ground storage reservoirs located at 82nd and Penn.   

The supply form Minneapolis is regulated by a water agreement executed in 1997, which allows Bloomington to 
withdraw a maximum of 30 mgd.  This agreement expires in 2017, and also requires a minimum withdrawal of 2 
mgd. 

Assessment of Treatment Surplus/Deficit 
The analysis of treatment/supply capacity adequacy was performed by comparing the projected maximum day 
demands to available treatment capacity.  The analysis results are summarized in Table 9-2.  As shown, there is 
currently a treatment surplus of approximately 9.7 mgd, predicted to decrease to approximately 4.4 mgd by 2030.  
Based on the results of this analysis, assuming that the agreement with Minneapolis is extended in 2017, no 
additional treatment/supply capacity will be required throughout the planning horizon. 

Table 9-2  Available Treatment/Supply Capacity 

2010 2015 2030 2010 2015 2030

34.33

Treatment/Supply 
Facility

Minneapolis Supply

44.0

14.0

30.0

Water Treatment 
Plant

System-Wide Maximum 
Day Demand (mgd)

+4.42+9.67 +6.7437.26 39.58

System-Wide 
Treatment 

Capacity (mgd)

Treatment 
Capacity 

(mgd)

Treatment Surplus/Deficit

 

 

9.2.3 Assessment of Supply and Zone Transfer Pumping 
The fact that sufficient water can be treated at the WTP and supplied by Minneapolis to meet system-wide 
maximum day demands does not ensure that each pressure zone has sufficient supply and zone transfer pumping 
capacity to meet individual zone-wide maximum day demands.  Based on the performance criteria described in 
Section 9.1, the firm capacity – that is, the capacity of each station with the largest pump out of service – of each 
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pump station must be capable of delivering maximum day demands to the distribution system.   If pumping 
deficiencies are projected to occur during the planning horizon, these deficiencies must be addressed as part of the 
overall improvement approach.  

Calculation of Pump Capacities 
This evaluation considers actual pumping capacities (at the WTP and 82nd and Penn high service and the Poplar 
Road booster pump stations) to be the factor limiting the volume of water which can be delivered into each 
pressure zone.  It is noted that pump stations with multiple pumps operating in parallel rarely produce their rated 
capacities under actual field conditions.  The calibrated hydraulic model was utilized to estimate the actual total 
and firm pumping capacities at each pumping station during maximum day demands. These calculated capacities 
are presented in Table 9-3. 

Table 9-3  Calculated Pump Station Capacities 

Pump Station 
Calculated Total 
Capacity (mgd) 

Calculated Firm 
Capacity (mgd) 

Water Treatment Plant High 
Service Pump Station 

15.5 12.1 

82 nd and Penn High Service Pump 
Station 

34.0 31.5 

Poplar Bridge Booster Pump 
Station 

6.9 5.9 

 
Assessment of Available Supply and Zone Transfer Pumping 
The total available supply and zone transfer pumping was assessed for each planning year on a zone-specific basis. 

Normal Zone 
The total supply required by the WTP HSPS and the 82nd and Penn HSPS is equal to the sum of the Normal Zone 
MDD and the High Zone MDD.  This is due to the fact that all High Zone supply is provided from the Normal 
Zone.  As such, the firm capacity of the Normal Zone HPSPs must be capable of meeting the system-wide 
maximum day demands.   

Table 9-4 displays the available pumping surplus in the Normal Zone throughout the planning horizon.  As shown, 
there is currently approximately 9.3 mgd of excess supply pumping capacity in the Normal Zone, predicted to 
decrease to approximately 4.0 mgd by 2030.  Based on the results of this analysis, no additional supply pumping 
will be required in the Normal Zone throughout the planning horizon. 

It is noted that the firm capacity of the WTP HSPS was calculated to be 12.1 mgd.  While this capacity in 
conjunction with the firm capacity available at 82nd and Penn is sufficient to meet projected maximum day 
demands through 2030, additional pumping capacity will be required at the WTP in order to fully utilize the 
available treatment capacity of 14.0 mgd within the firm capacity of the pumping station. 
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Table 9-4  Available Supply Pumping – Normal Zone 

2010 2015 2030 2010 2015 2030

[1] Calculated total capacity based on simulated model results with all pumps running on a maximum day
[2] Calculated firm capacity based on simulated model results with all pumps (except largest) running on a maximum day
[3] Maximum day demands based on demand projections (Normal Zone Supply Demand = Normal Zone + High Zone)
[4] Available Pumping surplus deficit based on Verified Firm Capacity - Maximum Day Demand 
[5] Calculated WTP firm capacity can not sufficiently pump at treatment rate of 14 mgd

Available Pumping 
Surplus/Deficit (mgd) [4]

Calculated 
Total Zone 
Capacity 

(mgd)

Maximum Day Demand 
(mgd) [3]

+4.02+9.27 +6.3437.26 39.58

WTP HSPS

Calculated 
Zone Firm 

Capacity (mgd)

49.5 43.6

Facility

82nd and Penn HPSP

34.33

12.1 [5]

31.5

Calculated 
Firm Station 

Capacity (mgd) 
[2]

Calculated 
Total Station 

Capacity 
(mgd) [1]

15.5

34.0

 

High Zone 
The High Zone contains no sources of supply; instead it receives all of its water through the Poplar Bridge Booster 
Pump zone transfer facility.  As such, the firm capacity of the Poplar Bridge BPS must be capable of meeting High 
Zone maximum day demands. 

Table 9-5 displays the available pumping surplus in the High Zone throughout the planning horizon.  As shown, 
there is currently approximately 1.12 mgd of excess zone transfer pumping in the High Zone, predicted to decrease 
to approximately 1.06 mgd by 2030.  Based on the results of this analysis, no additional zone transfer pumping will 
be required to be added in the High Zone throughout the planning horizon. 

Table 9-5  Available Zone Transfer Pumping – High Zone 

2010 2015 2030 2010 2015 2030

[1] Calculated total capacity based on simulated model results with all pumps running on a maximum day
[2] Calculated firm capacity based on simulated model results with all pumps (except largest) running on a maximum day
[3] Maximum day demands based on demand projections (Normal Zone Supply Demand = Normal Zone + High Zone)
[4] Available Pumping surplus deficit based on Verified Firm Capacity - Maximum Day Demand 
[5] Calculated WTP firm capacity can not sufficiently pump at treatment rate of 14 mgd

Available Pumping 
Surplus/Deficit (mgd) [4]

Calculated 
Total Zone 
Capacity 

(mgd)

Maximum Day Demand 
(mgd) [3]

6.9

Calculated 
Zone Firm 

Capacity (mgd)
Facility

Poplar Bridge BPS 4.80 +1.12 +1.10 +1.065.9 4.78 4.845.9

Calculated 
Firm Station 

Capacity (mgd) 
[2]

Calculated 
Total Station 

Capacity 
(mgd) [1]

6.9

 

9.2.4 Assessment of System Storage 
Storage facilities in a distribution system serve a number of purposes, including flow equalization, fire reserve, and 
emergency supply. Without storage facilities, the supply, treatment, pumping, and transmission facilities would 
have to be sized to meet instantaneous peak demands within the service area, which would be both impractical and 
uneconomical. However, by constructing appropriately sized reservoirs at strategic locations throughout the service 
area, the supply and production system are able to operate at relatively uniform rates over the course of a day, 
thereby optimizing their operation and minimizing their cost.  An assessment was completed to determine current 
and future storage volumes that will be needed through 2030 for finished water delivery rates to vary as needed to 
meet service standards.  
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Summary of Floating Storage Facilities 
The following is a summary of the floating storage facilities and the available storage volume at each facility. 

Valley View Tower 
The Valley View Tower is located at 90th Street, West of Portland Avenue South. It has a bottom elevation of 949 
ft, an overflow volume of 984 ft, and a total storage volume of 1.5 MG, and it serves the Normal Pressure Zone. 
Technically, the highest customer in the Normal Zone is 911.4 ft, but it should be noted that the Valley View Tank 
is located downgradient in the zone, and it effectively serves the eastern portion of the Normal Zone. Given the 
pumping capacity at the treatment plant and at 82nd and Penn, the tank is not expected to serve the higher elevation 
customers in the Normal Zone. The highest elevation customer expected to be served by the Valley View Tower is 
at 855.2 ft. Therefore, more of the storage volume is effectively available as equalization storage.  

▪ To meet the service goal pressure of 40 psi, a static elevation of at least 947.6 ft would be required. Therefore, 
all of the 1.5 MG of storage volume is considered available for equalization storage. 

▪ To meet the emergency service pressure of 20 psi, a static elevation of at least 901.4 ft would be required. 
Therefore, all of the 1.5 MG of storage volume is considered available for emergency and fire storage.  
However, if the highest customer in the Normal Zone must be supplied in an emergency, the storage volume 
available from this tower is 1.13 MG. 

Western Reservoir 
The Western Reservoir is located at Normandale Highlands Drive and Rich Road. It has a bottom elevation of 
939.4 ft, an overflow volume of 982 ft, and a total storage volume of 3.0 MG. It serves the Normal Pressure Zone. 
The highest elevation customer in the Normal Zone is 911.4 ft. 

▪ To meet the service goal pressure of 40 psi, a static elevation of at least 1003.8 ft would be required. Therefore, 
to meet the service goal in the Normal Zone, none of the storage volume is considered available. 

▪ To meet the minimum acceptable service pressure of 30 psi, a static elevation of at least 980.7 ft would be 
required. The storage volume available above this elevation is 0.09 MG. 

▪ To meet the emergency service pressure of 20 psi, a static elevation of at least 957.6 ft would be required. The 
storage volume available above this elevation is 1.72 MG. 

Unlike the Valley View Tank, the Western Reservoir is intended to serve the higher elevation customers in the 
zone. Therefore, none of the storage volume is considered effective equalization volume in this analysis, and the 
pumps at the treatment plant and 82nd and Penn are required to maintain system pressures during normal 
conditions. 

Northwest Tower 
The Northwest Tower is located at Pennsylvania Road South and West 83rd Street, has a bottom elevation of 
1049.5 ft, an overflow elevation of 1092 ft, and a total storage volume of 1.5 MG. It serves the High Pressure 
Zone. The highest elevation customer in the High Zone is 992.5 ft. 

▪ To meet the service goal pressure of 40 psi, a static elevation of at least 1084.9 ft would be required. The 
storage volume available above this elevation is 0.25 MG. 



CHAPTER 9. DISTRIBUTION SYSTEM EVALUATION 
 City of Bloomington 2010 Water System Master Plan  

Page  9-12 January 2011 Black & Veatch 

▪ To meet the minimum acceptable service pressure of 30 psi, a static elevation of at least 1061.8 ft would be 
required. The storage volume available above this elevation is 1.07 MG. 

▪ To meet the emergency service pressure of 20 psi, a static elevation of at least 1038.7 ft would be required. 
Thus, the full storage volume of 1.5 MG is available as emergency storage. 

The Northwest Tower is intended to serve all customers in the High Zone. Therefore, 0.25 MG is considered 
effective equalization volume in this analysis, and the pumps at the Poplar Bridge BPS are required to provide 
supplemental supply and maintain pressures during higher demand conditions. 

Summary of Pumped Storage Facilities 
Following is a summary of the pumped storage facilities and the available excess capacity to meet storage 
requirements. 

Water Treatment Plant High Service Pump Station 
Four pumps with varying capacities are available for use at the WTP HSPS, which supplies the Normal Zone. The 
total capacity of the station is approximately 15.5 MGD, and the firm capacity is approximately 12.0 MGD. The 
WTP clear well has 4 MG of storage that would be available during an emergency.  Because the WTP provides its 
maximum capacity of 14 MGD during high demand conditions, there is effectively no available firm capacity for 
equalization or emergency pumped storage. To utilize the clear well for reliable emergency supply (and even to 
provide firm capacity for the maximum plant production rate), additional capacity would be required at the 
pumping station. 

82nd and Penn High Service Pump Station 
Five pumps with varying capacities are available for use at the 82nd and Penn HSPS, which supplies the Normal 
Zone. The total capacity of the station is approximately 34.0 MGD during MDD, and the firm capacity is 
approximately 31.5 MGD during MDD. The storage facility has 20 MG of storage that are expected to be available 
during all conditions.   Presently, approximately 20 MGD must be pumped from this facility to meet maximum day 
demands (MDD). This is expected to increase to 25.6 MGD in 2030. Thus, in 2030, this station is expected to have 
approximately 5.9 MGD excess capacity during MDD to meet equalization, fire, or emergency storage needs. 
Assuming that the flow would be needed over a 6 hour period, this equates to an equalization storage volume of 
1.5 MG.  During an emergency, the pump station firm capacity is capable of delivering all 20 MG of storage to the 
distribution system. 

Poplar Bridge Booster Pump Station 
Four pumps with varying capacities are available for use at the Poplar Bridge BPS, which supplies the High Zone 
from the Normal Zone. The total capacity of the station is approximately 6.9 MGD during MDD, with a firm 
capacity of approximately 5.9 MGD during MDD. This station is the only supply for the High Zone. There is no 
storage facility near the station, which is located near the water treatment plant. Presently, the MDD of the High 
Zone is approximately 4.78 MGD, and this is expected to increase marginally to 4.84 MGD in 2030. This leaves an 
excess firm capacity of 1.06 MGD, which is available to meet equalization, fire flow, and emergency needs as long 
as surplus storage capacity is available in the Main Zone.  

 



 CHAPTER 9. DISTRIBUTION SYSTEM EVALUATION 
 City of Bloomington 2010 Water System Master Plan  

Black & Veatch January 2011 Page  9-13 

Assessment of Available Storage 
Total available storage was assessed for each planning year in terms of the equalization, fire flow, and emergency 
storage requirements.  

Normal Zone Analysis 
 
Table 9-6 summarizes the available storage, storage requirements, and storage surplus/deficit for the Normal Zone 
for the planning years 2010, 2015, and 2030.  The available storage is presented for each floating and pumped 
storage facility, to obtain a total available storage in the zone. This total available storage is compared with the 
required storage (per the performance criteria) to determine whether the storage is adequate for each storage type 
and each planning year. Anticipated storage deficits are highlighted red in the table. Thus, the Normal Zone is 
predicted to have deficient equalization storage by 2015 and deficient emergency storage by 2030, according to the 
service goal criteria. 

An overriding factor in the predicted deficit of equalization storage is the limited ability to utilize the Western 
Reservoir due to its low elevation in relation to some customers. If higher elevation customers could be removed 
from the system and supplied either with local boosters or from the High Zone, such that the maximum elevation to 
be served in the Normal Zone would be approximately 860 ft, then approximately 2 MG of the tank volume would 
be considered available, and there would not be an equalization deficit in any of the planning years.  Although no 
emergency storage deficit is currently predicted, it is noted that in an emergency situation the interconnection with 
the City of Minneapolis could be opened to provide a redundant alternative emergency supply by gravity. 

High Zone Analysis 
Table 9-7 summarizes the available storage, storage requirements, and storage surplus/deficit for the High Zone for 
the planning years 2010, 2015, and 2030 similar to Table 9-6.  Although growth in the High Zone is limited, the 
analysis presently shows a deficit in equalization storage in existing conditions and continuing through 2030. A 
deficit in emergency storage is projected starting in 2015. Similar to the Normal Zone, the equalization deficit is 
largely dictated by high elevation customers that effectively restrict the usable volume of the tank because service 
pressures must be maintained. By limiting the maximum served elevation to 980 ft, or by relaxing the service goal, 
such that the highest elevation customers would have a minimum pressure of 30 psi, the equalization deficit can be 
avoided. It is important to note that the High Zone relies on the Poplar Bridge HSPS to transfer water from the 
Normal Zone and meet storage requirements. The contribution this pump station makes to meeting storage 
requirements in the High Zone must be subtracted from the surplus available in the Normal Zone. The impact on 
the Normal Zone is not shown in Table 9-6. 
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Table 9-6  Normal Zone Storage Calculation 

2010 2015 2030 2010 2015 2030 2010 2015 2030

Valley View Tower Floating 1.5 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
Western Reservoir Floating 3.0 0.00 0.00 0.00 2.59 2.59 2.59 2.59 2.59 2.59
82nd and Penn HSPS Pumped1 20.0 2.79 2.06 1.48 4.19 3.09 2.22 20.00 20.00 20.00
WTP HSPS (Clear Well) Pumped1 4.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

28.5 4.29 3.56 2.98 8.28 7.18 6.31 24.09 24.09 24.09

4.05 4.45 4.76 4.68 5.08 5.39 10.84 11.85 12.64

+0.24 -0.89 -1.78 +3.60 +2.10 +0.92 +13.25 +12.24 +11.45

1 Pumped storage is calculated using available firm capacity in excess of MDD: 6 hours for equalization and 9 hours for equalization plus fire flow.  For emergency, pumped storage was calculated 
  using available firm capacity for 24 hours
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  Table 9-7  High Zone Storage Calculation 

2010 2015 2030 2010 2015 2030 2010 2015 2030

Northwest Tower Floating 1.5 0.25 0.25 0.25 1.50 1.50 1.50 1.50 1.50 1.50

Poplar Bridge (Main Zone) Transfer1 na 0.24 0.00 0.00 0.42 0.41 0.40 1.12 1.10 1.06

1.5 0.49 0.25 0.25 1.92 1.91 1.90 2.62 2.60 2.56

0.69 0.69 0.70 1.32 1.32 1.33 2.20 2.21 2.22

-0.20 -0.44 -0.45 +0.60 +0.59 +0.57 +0.42 +0.39 +0.33

1 Transfer pumping volume is limited to the lesser of the excess pumping capacity * equalization period or the available storage surplus in the supplying zone
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Availability of 82nd and Penn Avenue Reservoirs 
The water purchased from Minneapolis is delivered to the 82nd and Penn Avenue reservoirs. The water is 
withdrawn from Minneapolis through two connections. According to the City’s current contract, the Oliver main 
can be used 24 hours, providing 18.7 MGD. The Knox main can be used between 10:30 pm and 9:30 am, 
delivering a maximum flow rate of 24.5 MGD for 11 hours, or 11.2 MG. Over 24 hours, the two lines can deliver a 
total of 29.9 MG. The 13 hour period during the day when the Knox line is closed represents a critical condition 
when supply from this facility must be supplemented by stored water. These maximum refill rates were compared 
with the diurnal pumping patterns in the balanced 2030 extended period simulation in the WaterGEMS system 
hydraulic model, and it was found that available storage is considered adequate for 2030 peaking requirements.  

The predicted storage volume available in the 82nd and Penn Avenue Reservoirs over the course of four 
consecutive maximum days in 2030 is presented in Figure 9-3. 
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Figure 9-3 Predicted Available Storage Volume, 2030 Maximum Day 
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9.3 Hydraulic Modeling Deficiency Analysis 
The calibrated hydraulic model was utilized to examine the projected future distribution system and identify 
potential deficiencies based on the distribution network performance criteria.  Beginning with the 2030 planning 
year, an extended period simulation was employed to model a typical maximum demand day.  Utilizing iterative 
analyses and engineering judgment, deficiencies were examined and, if needed, improvement projects were 
identified which improved system conditions to the point that performance criteria (velocity, headloss, pressure, 
etc.) were substantially met throughout the distribution system.  Because few improvements were found to be 
needed, and all deficiencies noted in 2030 were noted (to a lesser extent) in 2010 as well, it was not necessary to 
step back through intermediate planning years to establish phasing.  

9.3.1 Future-Year Demand Allocation 
The allocation of 2007 average demands by customer location and consumption records was described in Chapter 
8.  Projected future demands using Forecast Tracker were described in Chapter 2 and utilized as the basis for the 
allocation of future demands to the hydraulic model.   

GIS tools were utilized to allocate the total demand changes in the 147 forecast tracker demand areas to each 
demand node.  As a first step, Thiessen polygons – which estimate the coverage area of point features utilizing 
aggregate midpoints – were drawn using the model nodes as the base point feature.  The model node Thiessen 
polygons are shown in relation to the Forecast Tracker areas in Figure 9-4.   

  

Figure 9-4 Model Node Thiessen Polygons and Forecast Tracker Areas 

 

Following this process, a spatial intersect was initiated between the model node Thiessen polygons and the 
Forecast Tracker areas in order to produce the estimated area of each model node which resides within each 
Tracker area.  The result of this intersect is shown in Figure 9-5. 
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Figure 9-5 Model Node Thiessen Polygons within Forecast Tracker Areas Following Intersect 

With all Forecast Tracker areas divided by the model node Thiessen polygons, it was possible to determine the 
percent-allocation of the projected demand changes to be applied to each node.  Percent-allocation was calculated 
using the relative areas of the polygons; for example, if a Forecast Tracker area had a projected demand change of 
100 gpm in a given year, and had a total area of 100,000 ft2, a 25,000 ft2 model node Thiessen polygon within that 
Tracker area would be assigned a demand increase of 25 gpm2.  Utilizing this methodology, demand changes were 
applied to each model node for the 2010, 2015 and 2030 planning years.  Projected demand changes by zone are 
summarized in Table 9-8.  A complete list of model node demands are listed in Appendix I. 

Table 9-8  Forecast Tracker Projected Demand Changes by Zone and Planning Year 

2010 Demand Change 2015 Demand Change 2030 Demand Change 

Normal Zone High Zone Normal Zone High Zone Normal Zone High Zone 

160 gpm 0 gpm 769 gpm 4 gpm 589 gpm 11 gpm 

0.23 mgd 0 mgd 1.11 mgd 0.01 mgd 0.86 mgd 0.02 mgd 

 
For each planning year, it is noted that 10% non-revenue water (Chapter 2) was distributed evenly amongst all 
model nodes on a zone-specific basis.   

Demands were managed in WaterGEMs utilizing the Demand Control Center such that each demand group 
received an individual demand pattern name.  In this way, demand queries could be completed which isolated any 
given portion of the system demand.  The demand groups utilized are summarized below: 

                                                      
2 Model Node Demand Change = (Model Node Thiessen Polygon Area ÷ Forecast Tracker Area) x Forecast Tracker 
Demand Change 
(25,000 ft2 ÷ 100,000 ft2) x 100 gpm = 25 gpm 
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▪ 2007 Demands 

o Normal Zone (2007), NRW Normal (2007), High Zone (2007), NRW High (2007) 

▪ 2010 Demands 

o Normal Zone (2010), NRW Normal (2010), High Zone (2010), NRW High (2010) 

▪ 2015 Demands 

o Normal Zone (2015), NRW Normal (2015), High Zone (2015), NRW High (2015) 

▪ 2030 Demands 

o Normal Zone (2030), NRW Normal (2030), High Zone (2030), NRW High (2030) 

Including all projected demands and non-revenue water, the total system demands utilized for the Master Plan 
hydraulic analyses are summarized in Table 9-9. 

Table 9-9  Projected Future Average Day Demands 

Service Level / Area 2010 2015 2030
Normal Zone 12.33 13.55 14.50

High Zone 1.76 1.77 1.79
Total Service Area 14.09 15.32 16.28

Projected Future Average Day Demands (mgd)

 

Applying the Maximum Day to Average Day Peaking factors for the Normal Zone and the High Zone of 2.4 and 
2.7, respectively, the Maximum Day Demands utilized for the Master Plan Hydraulic Analyses are summarized in 
Table 9-10. 

Table 9-10 Projected Future Maximum Day Demands 

Service Level / Area 2010 2015 2030
Normal Zone 29.55 32.47 34.74

High Zone 4.78 4.80 4.84
Total Service Area 34.33 37.26 39.58

Projected Future Maximum Day Demands (mgd)

 

9.3.2 Design Diurnal Demand Curves 
In order to facilitate the creation of future year extended period simulation (EPS) model scenarios, it was necessary 
to develop a general set of zone-specific diurnal demand peaking factor curves which could be applied to the 
projected demands.  Through an examination of the hourly demands on representative historical maximum days 
between 2001 and 2007, a future “design” diurnal curve was developed for each pressure zone.    The Future-Year 
Diurnal Curves for the Normal Zone and the High Zone are shown in Figure 9-6 and Figure 9-7, respectively.  
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Future Diurnal Demand Curve - Normal Zone
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Figure 9-6 Future-Year Diurnal Demand Curve – Normal Zone 

 

Future Diurnal Demand Curve - High Zone
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Figure 9-7 Future-Year Diurnal Demand Curve – High Zone 

 

The diurnal demand curves shown above were imported into the hydraulic model such that all Normal Zone 
demand groups received the Normal Zone Design Curve and all High Zone demand groups received the High 
Zone Design Curve.  Following this step, the hydraulic model was fully prepared to allow the development of the 
future year scenarios which were the basis for evaluating to projected distribution system. 
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9.3.3 Hydraulic Modeling 
The deficiency/improvement analysis for the Bloomington water distribution system was conducted in reverse-
chronological order, beginning in 2030.  In this way, deficiencies projected to be present in 2030 could be 
addressed with potential improvement projects, which then could be included on a case-by-case basis in 2010 in 
order to ensure that all improvement projects facilitate the overall improvement picture for the planning horizon.   

For each planning year, a Maximum Day Demand analysis was conducted in order to assess the distribution 
system under the highest degree of normal stress predicted by the demand projections.  In this way, improvement 
projects could be identified which are needed to address deficiencies under normal conditions. 

Additionally, a fire flow analysis was conducted for each planning year under Maximum Day conditions in order 
to assess the ability of the distribution system to deliver fire flows on the highest anticipated demand day.  

The procedures utilized for the hydraulic analyses are detailed below, beginning with the 2030 model scenario.  

2030 Maximum Day Demand Hydraulic Analysis Procedure 
1. A new 24-hour EPS model scenario, 2030 Maximum Day Demand was created in the WaterGEMs 

hydraulic model 

2. The 2030 Average Day Demand alternative was set, and the MDD:ADD peaking factors were utilized to 
scale demands to 2030 MDD using the Calculation Option “Demand Adjustments” option.  The total 
demand simulated for the 2030 Maximum Day Demand Scenario was 39.58 mgd; 34.74 mgd in the 
Normal Zone, 4.84 mgd in the High Zone. 

3. In order to simulate the anticipated 2030 pump operations on a general 2030 Maximum Day and enable 
equalization needs to be met by the elevated storage tanks, controls for the distribution pumps were set 
as follows: 

a. WTP High Service Pump Station: Constant 14 mgd supply 

b. 82nd and Penn High Service Pump Station: 

i. HSP #5: On all day 

ii. HSP #6: Controlled by Valley View Tower Level 

1. ON if Valley View is less than 974 ft 

2. OFF if Valley View is greater than 979 ft 

iii. HSP #7: Controlled by Valley View Tower Level 

1. ON if Valley View is less than 975 ft 

2. OFF if Valley View is greater than 980 ft 

iv. HSP #6: Controlled by Valley View Tower Level 

1. ON if Valley View is less than 976 ft 

2. OFF if Valley View is greater than 981 ft 

c. Poplar Bridge Booster Pump Station: 
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i. PBS #1: On all day 

ii. PBS #3: On all day 

iii. PBS #4: Controlled by Western Reservoir Level 

1. ON if Western Reservoir is less than 1,082 ft 

2. OFF if Western Reservoir is greater than 1,087 ft 

4. Following setup of the demands and boundary conditions, iterative model simulations were made in order 
to facilitate the setting of initial tank levels and to establish a valid run to identify system deficiencies.  
The methodology utilized was predicated on the assumptions that each tank should: 

a. Experience a reasonable variation in water level 

b. Not completely empty at any point during the day 

c. Not “lock shut” for extended periods of time 

d. End the 24-hour day at approximately the same water level at which it began – which confirms 
the tank operation is repeatable for consecutive maximum days 

e. Figure 9-8 displays an ideal 24-hour tank operation graph resulting from the completion of a valid 
EPS run.  Figure 9-9 displays the variations in flow at the 82nd and Penn HSPS based on the 
controls summarized in 3b.  All 2030 Tank and Pump Operation graphs can be found in 
Appendix J. 

Northwest Tower - 2030 Maximum Day
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Figure 9-8 2030 Tank Operation Graph – Northwest Tower (High Zone) 
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82nd and Penn HSPS - 2030 Maximum Day Demands
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Figure 9-9 2030 Pump Station Flow Graph – 82nd and Penn HSPS (Normal Zone) 

 

5. Following setup of all boundary conditions in the model, color-coding was employed to visually identify 
system deficiencies throughout the distribution system based on the following criteria: 

a. A node with a pressure less than than 40 psi 

b. A node with a pressure less than 35 psi 

c. A pipeline with a velocity greater than of 5 feet/second 

d. A pipeline with a headloss gradient greater than 5 feet/1,000 ft 

 

2030 Maximum Day Demand Deficiency Analysis Model Results 
Pressure 
Figure 9-10 displays the minimum pressure predicted at each model node during the entire 24-hour EPS model 
simulation for 2030 Maximum Day Demands.  As shown, while the majority of the distribution system is predicted 
to experience between 40 and 100 psi with no improvements, there are several locations predicted to experience 
pressure below the minimum acceptable pressure of 35 psi.  These areas, as well as those predicted to experience 
pressure below the performance goal of 40 psi will be addressed with potential improvement projects in Chapter 
10. 
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Figure 9-10 2030 Maximum Day Demand EPS Results – Minimum Pressures 

Pipeline Velocity 
Figure 9-11 displays the maximum pipeline velocity predicted in each pipe during the entire 24-hour EPS model 
simulation for 2030 Maximum Day Demands.  As shown, the majority of the distribution system is expected to 
experience pipeline velocities which are less than the performance goal of 5 ft/sec.  Although a length of 12-inch 
main on East 90th Street near the Valley View Tower is expected to have a maximum velocity greater than 5 ft/sec, 
customer pressures in the area are not adversely affected.  An improvement project will only be needed in this 
location if there is a desire to improve system reliability and minimize the risk of a pipeline break. 

 

Figure 9-11 2030 Maximum Day Demand EPS Results – Maximum Pipeline Velocities 
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Pipeline Headloss Gradient 
Figure 9-12 displays the maximum pipeline headloss gradient predicted in each pipe during the entire 24-hour EPS 
model simulation for 2030 Maximum Day Demands.  As shown, the majority of the distribution system is 
expected to experience pipeline velocities which are less than the performance goal of 5 ft/1,000 ft.  Three primary 
locations are predicted to have headloss gradients greater than 5 ft/1,000 ft: 

▪ The primary main filling the Western Reservoir from the water treatment plant, 

▪ Mains in the vicinity of the Valley View Tower, and 

▪ East-West Mains leading to the Mall of America. 

In addition, there are local heavily utilized pipes located throughout the system that are predicted to have high head 
loss. All of these locations reflect the heavy utilization of the pipes in the area, particularly around the storage 
facilities while filling and draining. These pipes can be considered to be some of the most critical in the system, as 
failure of any of these pipes could lead to a significant reduction in service pressures and/or fire flows downstream 
of the failure. 

Although the pipes discussed above are predicted to experience pipeline headloss gradients in excess of 5 ft/1,000 
ft, they are not predicted to be the primary factor contributing to low customer pressures throughout the system, 
and improvements in these areas would only provide marginal improvements to pressures and fire flows in the 
vicinity.  Improvement projects to address these deficiencies should only be considered if the goal is to improve 
system reliability and minimize the potential impact of pipeline breaks. 

 

Figure 9-12 2030 Maximum Day Demand EPS Results – Maximum Pipeline Headloss Gradients 
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2010 Maximum Day Demand Hydraulic Analysis Procedure 
An analysis of current, 2010 maximum day demands was conducted to identify any existing limitations in the 
distribution system, as well as to provide a point of comparison with the 2030 simulation, to identify possible 
trends that may be of concern.  The procedure carried out to analyze the system under 2010 maximum day 
demands is detailed below: 

1. A new 24-hour EPS model scenario, 2010 Maximum Day Demand was created in the WaterGEMs 
hydraulic model 

2. The 2010 Average Day Demand alternative was set, and the MDD:ADD peaking factors were utilized to 
scale demands to 2010 MDD using the Calculation Option “Demand Adjustments” option.  The total 
demand simulated for the 2010 Maximum Day Demand Scenario was 34.33 mgd; 29.55 mgd in the 
Normal Zone, 4.78 mgd in the High Zone. 

3. In order to simulate the anticipated 2010 pump operations on a 2010 Maximum Day and enable 
equalization needs to be met by the elevated storage tanks, controls for the distribution pumps were set to 
match the controls utilized for the 2030 simulation. 

4. Following setup of the demands and boundary conditions, iterative model simulations were made in order 
to facilitate the setting of initial tank levels and to establish a valid run to identify system deficiencies 

5. Figure 9-13 displays an ideal 24-hour tank operation graph resulting from the completion of a valid EPS 
run.  Figure 9-14 displays the variations in flow at the 82nd and Penn HSPS based on the controls 
summarized in the previous section.  All 2010 Tank and Pump Operation graphs can be found in 
Appendix J. 

Northwest Tower - 2010 Maximum Day
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Figure 9-13 2010 Tank Operation Graph – Northwest Tower (High Zone) 
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82nd and Penn HSPS - 2010 Maximum Day Demands
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Figure 9-14 2010 Pump Station Flow Graph – 82nd and Penn HSPS (Normal Zone) 

 

6. Following setup of all boundary conditions in the model, color-coding was employed to visually identify 
system deficiencies throughout the distribution system based on the performance criteria established for 
this project.  

2010 Maximum Day Demand Deficiency Analysis Model Results: 
Pressure 
Figure 9-15 displays the minimum pressure predicted at each model node during the entire 24-hour EPS model 
simulation for 2010 Maximum Day Demands.  As shown, there is little difference between the 2010 and 2030 
results – due largely to the fact that demands are not predicted to increase appreciably over the next 20 years.  Low 
pressure issues identified for 2030 are also predicted to be current issues and will be addressed with potential 
improvement projects in Chapter 10. 
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Figure 9-15 2010 Maximum Day Demand EPS Results – Minimum Pressures 

Pipeline Velocity 
Figure 9-16 displays the maximum pipeline velocity predicted in each pipe during the entire 24-hour EPS model 
simulation for 2010 Maximum Day Demands.  As shown, the entire distribution system is expected to experience 
pipeline velocities which meet the performance goal of less than 5 ft/sec.  Based on the performance criteria, no 
improvement projects precipitated by pipeline velocity are currently required. 

  

Figure 9-16 2010 Maximum Day Demand EPS Results – Maximum Pipeline Velocities 
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Pipeline Headloss Gradient 
Figure 9-17 displays the maximum pipeline headloss gradient predicted in each pipe during the entire 24-hour EPS 
model simulation for 2010 Maximum Day Demands.  As shown, the majority of the distribution system is 
expected to experience pipeline velocities which are less than the performance goal of 5 ft/1,000 ft.  Although there 
are several pipelines through the system which are predicted to experience pipleline headloss gradients in excess of 
5 ft/1,000 ft, they are not predicted to be the primary factor contributing to low customer pressures throughout the 
system.  Improvement projects to address these deficiencies should only be considered if the goal is to improve 
system reliability and minimize the risk of a pipeline breaks. 

 

Figure 9-17 2010 Maximum Day Demand EPS Results – Maximum Pipeline Headloss Gradients 

9.3.4 Fire Flow Analyses 
The system deficiency/improvement analysis detailed in the previous section was focused on meeting performance 
criteria during “normal” system demand and operating conditions.  This section focuses on evaluation of system 
performance under fire flow during average maximum day demand conditions.  The fire flow analyses performed 
were intended to identify any potentially significant fire flow deficiencies which were not already addressed by the 
maximum day demand analyses. 

The Bloomington hydraulic model is skeletonized and generally contains transmission which are 8-inch and larger 
with some smaller 6-inch mains in various parts of the system.  This limitation in distribution-level system pipeline 
network detail prohibited detailed analysis of the distribution of fire flows on a system-wide basis.  The model 
does, however, allow for the analysis of the transmission of fire flows on a system-wide basis, which was the level 
of analysis conducted for this master plan report. 

The procedure for analyzing the predicted available fire flow throughout the entire Bloomington distribution 
system for both 2030 and 2010 maximum day demands is detailed below. 



CHAPTER 9. DISTRIBUTION SYSTEM EVALUATION 
 City of Bloomington 2010 Water System Master Plan  

Page  9-28 January 2011 Black & Veatch 

Maximum Day Demand + Fire Flow Procedure 
1. For the 2030 planning year, a new model scenario, 2030 MD + FF was created.  Unlike the maximum day 

demands scenario, this scenario was set to be a steady state (SS) run, representing the system under 
maximum day demands with tank levels representing a reduction in volume of 0.63 MG to simulate the 
depletion of a 3,500 gpm fire flow for three hours.  For the new scenario: 

a. 2030 maximum day demands were assigned to the model nodes (39.58 mgd) 

b. Maximum day pumps were set to operate 

c. Elevated storage tanks were set to represent 0.63 MG fire flow depletion such that their starting 
levels were: 

i. Western Reservoir: 959.4 ft 

ii. Valley View Tower: 964.0 ft 

iii. Northwest Tower: 1,070.5 ft 

2. A selection set of all fire nodes (comprised of all demand nodes in each zone) was created and named 
“FireFlow Junctions” 

3. Utilizing the Fire Flow Alternative in WaterGEMs, a needed Fire Flow of 3,500 gpm was selected and a 
required residual pressure on a zone-wide basis of 20 psi was set.  The fire flow nodes was set to 
“FireFlow Junctions” in order to enable an appropriate critical node search range 

4. The simulation was then run, with the resulting fire flow representing the maximum fire flow available at 
each node while maintaining a minimum residual pressure of 20 psi at all other nodes within the critical 
search range.   

5. Steps 1 – 4 were then repeated under 2010 demand conditions 

Results 
Figure 9-18 and Figure 9-19 display the model-predicted available fire flows under 2030 and 2010 maximum day 
demands, respectively.  As shown, due to the limited projected changes in demand between 2010 and 2030, 
available fire flows are predicted to remain relatively even throughout the planning horizon.  In both 2030 and 
2010, there are two locations (shown in Figure 9-19) predicted to experience fire flow of less than the minimum 
performance criteria of 1,000 gpm: 

1. End of private 8-inch main on Highland Lake (900 gpm) 

2. 6-inch main at Rich Road and 106th Street (700 gpm) 

The remainder of the Bloomington distribution system is predicted to be capable of delivering at least 1,000 gpm 
for three hours under maximum day demand conditions between 2010 and 2030.  It is noted that these simulations 
represent the results for the skeletonized system, which omits many smaller-diameter distribution-level mains 
which are likely to represent the critical fire flow customers.  Robust field-testing and an all-pipes model would be 
required to enhance the accuracy of these fire results. 
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Figure 9-18 2030 Maximum Day Demand + Fire Flow – Available Fire Flow (> 20 psi Residual) 

 

Figure 9-19 2010 Maximum Day Demand + Fire Flow – Available Fire Flow (> 20 psi Residual) 
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Chapter 10. Distribution System Improvements 
This chapter presents a summary of improvements to distribution system components required to serve the needs 
of the study area through the 2030 planning period of this study.  From this long-range plan, a capital 
improvements program (CIP) is defined.  Where necessary, the timing of the phased improvements is keyed to the 
projected growth rates and development patterns defined in Chapter 2 of this report.  Actual growth rates and 
development patterns, along with resulting demand and system performance, should be monitored regularly and 
the timing of future improvements either confirmed or adjusted to fit future conditions. 

Because of limited growth projections in the system, as well as the fact that the distribution system has an effective 
looped network, few capacity concerns were noted in this study, and the resulting capital improvements program in 
Chapter 11 is limited. Available effective storage and pumping capacity at the WTP were the noted capacity 
constraints in the distribution system. For definition of future projects and maintenance of the system, it is 
recommended to commence a long-term main replacement and rehabilitation plan. Such a plan would involve 
assessing the condition of pipes on a system-wide basis and prioritizing them for rehabilitation or replacement 
based on the likelihood of failure and their criticality to system operations. Furthermore, it appears that system 
operations and operational costs could benefit from a pump operations study, particularly at the 82nd and Penn 
Pump Station. 

Improvements identified in this report do not include improvements needed to repair, rehabilitate or replace 
deteriorated existing facilities or to achieve specific fire flow goals throughout the City.  Those improvements 
would need to be defined in a separate infrastructure management plan and a comprehensive fire flow analysis 
utilizing an all-pipes model. 

10.1 Improvement Phases 
In general, few necessary improvements were identified to be needed through the 2030 planning period. Phasing of 
the improvements that have been identified is complicated by the fact that many of the needed improvements 
identified for 2030 are also identified as deficiencies, albeit to a lesser degree, in 2010. Other recommended 
improvements are not absolutely required by the primary performance criteria of system pressures and available 
fire flows. Instead, they would be recommended to improve system reliability. In reality, such improvements are at 
the discretion of the utility and can be implemented as desired based on the risk tolerance of the community and the 
available funding to maintain the distribution network. To prioritize such improvements and to ensure the 
continued operational effectiveness of the distribution system in the future, further study, including field testing, is 
recommended to assess the condition of existing mains and their likelihood of failure. Using this information in 
conjunction with consequence of failure information, a comprehensive long term main improvements program 
may be established and phased based on the relative risk posed by each pipe. 

10.2 Pumping 
The firm capacity of the WTP HSPS was calculated to be 12.1 mgd.  While this capacity – in conjunction with the 
firm capacity available at the 82nd and Penn HSPS – is sufficient to meet projected maximum day demands 
through 2030, additional pumping capacity will be required at the WTP in order to fully utilize the available 
treatment capacity of 14.0 mgd within the firm capacity of the pumping station. Further study is recommended to 
identify an appropriate capacity and head for this pump, given the range of operating conditions that are anticipated 
at the station throughout the year. Two options should be considered in sizing this pump: 
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▪ Option 1: Pump to provide total firm supply from WTP = 14 mgd. This would require either an additional 
pump with 1.9 mgd capacity during maximum day demands, or it could involve replacing an existing pump 
with a larger capacity pump to provide the needed capacity. 

▪ Option 2: Larger pump to enhance pumped storage capacity. By providing capacity in excess of 14 mgd, it 
would be possible to utilize the capacity in excess of 14 MGD to provide pumped storage capability during 
peak demand periods. Utilizing this option depends on having sufficient capacity in the clear well to provide 
supplemental storage after meeting disinfection contact time requirements. 

In terms of construction, the addition of a fifth pump in the existing pump station will be difficult and will likely 
have a significant impact on plant operation during construction.  The pumps are vertical can type, with a below 
grade suction connection; suction piping is located below the pump room floor slab.  Since the header is not 
isolated, it does not appear possible to connect to the suction header from the reservoir without having to take the 
entire plant out of service.  To compound this, the header piping is located in the main drive area; excavation will 
block access to the residuals loading area (where sludge is loaded daily into tank trucks for transport to the 
lagoons) and will impact chlorine delivery.  However, it may be possible to add a fifth pump in conjunction with 
construction of mechanical dewatering.  Once the mechanical dewatering is operational, the existing residuals 
loading area could be used for the new high service pump.   

Alternatively, a more cost effective approach would be to change out existing pumps with higher capacity pumps.  
HSP #1, the smallest pump, was originally planned to be replaced as system demands grew. This project is 
expected to be much simpler than those identified above, and could still provide a firm capacity of 14.1 MGD, 
based on modeled pump capacities. A planning level cost analysis of this replacement estimated that the 
construction cost should be approximately $209,000. 

10.3 Storage 
Effective available storage capacity in both the High Zone (the Northwest Tower) and the Normal Zone (Western 
Reservoir) was found to be limited by high elevation customers in the vicinity of the tanks. In the case of the 
Western Reservoir in particular, this limited storage volume is projected to lead to a storage deficiency in the 
future. Therefore, an alternatives analysis was conducted to identify a recommended solution. In the case of the 
Northwest Tower, assuming storage deficiencies in the Main Zone are resolved, there is not a projected need in 
terms of projected storage deficiencies, but some customers could benefit from improvements, and operational 
flexibility could be gained by increasing the available effective storage in the tower. 

10.3.1 Normal Zone System Storage Options 
By 2030, the Normal Zone is expected to experience an equalization volume storage deficiency of approximately 
1.78 MG.  The salient factor contributing to this deficiency is the presence of high elevation customers in the 
vicinity of the Western Reservoir.  These customers, located at elevations as high as 899 ft, prevent the Western 
Reservoir from providing any effective available equalization storage.  In order to meet the pressure performance 
criteria of 40 psi during normal system conditions, service to the high elevation customers – even with the Western 
Reservoir completely full (982 ft) – is not possible under static conditions.  The maximum pressure capable of 
being delivered to the high elevation customer located at 899 ft by the Western Reservoir is 36 psi, which does not 
meet the performance criteria pressure goal.   
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In order to mitigate the storage deficiency in the Normal Zone caused by the ineffective storage in the Western 
Reservoir, three alternatives were proposed for consideration: 

▪ Alternative 1: Equip high elevation customers with individual service-line booster pumps in order to allow at 
least 1.78 MG of the Western Reservoir to be available to customers at 40 psi or greater 

▪ Alternative 2: Increase the overflow elevation of the Western Reservoir by 5 feet in order to increase the 
capacity of the storage facility and increase available equalization storage 

▪ Alternative 3: Convert the Western Reservoir into a pumped storage facility, with pumps operating during the 
day to meet equalization peaks and filling by gravity at night 

Following the analysis of the three alternatives proposed to mitigate the projected Normal Zone storage 
deficiencies, Alternative 1 (individual booster pumps for high elevation customers) is the recommended solution.  
Although this alternative will require the installation of up to 164 booster pumps, no other costly infrastructure 
improvements (or operational modifications) will be required.  Alternative 1 is the only alternative which is 
predicted to allow all customers to receive service pressure above the minimum pressure goal of 35 psi during all 
hours of the day, while increasing the available storage in the Western Reservoir to approximately 1.78 MG in 
order to meet the projected Normal Zone storage deficiency in 2030.  

Alternative 1: Individual Booster Pumps for High Elevation Customers 
In June of 1993, a resolution approving the “Residential Water Pressure Policy” was adopted by the Bloomington 
City Council.  The goal of the program was to provide increased water service pressures to customers with 
marginal pressures relative to the city standards.  Based on the results of a study conducted at the time, a total of 
132 properties were identified as candidates for the program.  Of those invited to participate, 42 elected to proceed 
with the installation of an individual booster pump.   

Currently, there are still customers within the Normal Zone which are served by the Western Reservoir and are 
predicted to receive static service pressures below the performance goal of 40 psi, however, all customers that are 
predicted to have static pressures of less than 35 psi were previously equipped with individual booster pumps.  
Figure 10-1 displays all Normal Zone customers predicted to be served by the Western Reservoir at static pressures 
of less than 40 psi when the reservoir is completely full.  These customers are at an elevation greater than 889.6 ft 1.  
As shown in the figure, 22 customers are predicted to be incapable of receiving static pressures in excess of 40 psi 
from the Western Reservoir.  Of these 22, eight were supplied with individual booster pumps during the program 
in 1993, leaving 14 critical customers with static pressures of less than 40 psi.   

                                                      
1 Western Reservoir Overflow – 40 psi = Maximum customer elevation capable of being served at 40 psi 
982 ft – 40 psi x 2.31 ft/psi = 889.6 ft 
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Figure 10-1  Normal Zone Customers with Static Pressures Less Than 40 psi with Western Reservoir at Overflow (982 ft) 

It is important to note that the customers highlighted in the figure above represent predicted available pressures 
with the Western Reservoir at overflow.  During normal operating conditions, however, levels in the tank will not 
remain at overflow, instead fluctuating to meet the equalization needs of customers within the system.  By 2030, it 
has been predicted that in order to meet the equalization storage needs of the Normal Zone, the Western Reservoir 
will be required to provide approximately 1.78 MG of storage (at 40 psi) on a maximum day.  To accomplish this, 
the Western Reservoir water level should be capable of providing a service pressure of 40 psi to all customers 
following a depletion of 1.78 MG.   

The resulting water level in the Western Reservoir following the 2030-predicted equalization storage depletion of 
1.78 MG is calculated to be 956.4 ft.  At this level, the Western Reservoir is capable of providing at least 40 psi to 
customers located at elevations below 864 ft2.  Figure 10-2 displays all Normal Zone customers which are 
predicted to be served by the Western Reservoir (at 956.4 ft) at static pressures of less than 40 psi.  As shown in the 
figure, 616 customers are predicted to be incapable of receiving static pressures in excess of 40 psi from the 
Western Reservoir under these conditions.  Subtracting the eight customers currently equipped with individual 
booster pumps, a total of 608 customers are predicted to be limiting the Western Reservoir from providing a 
sufficient equalization volume at 40 psi in 2030.  

                                                      
2 956.4 ft – 40 psi x 2.31 ft/psi = 864 ft 
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 Figure 10-2  Normal Zone Customers with Static Pressures Less Than 40 psi with Western Reservoir at Bottom of 2030 
Equalization Storage (956.4 ft) 

Because this number of customers is large, and would require a substantial number of individual booster pumps in 
order satisfy the performance goal, it may be acceptable to reduce the minimum pressure goal to 35 psi under these 
rare (end of the equalization period on a maximum day) and brief conditions.  By allowing customer pressures to 
drop to 35 psi under these conditions, the maximum elevation customer capable of being served by the tank 
increases to approximately 876 ft3.  Figure 10-3 displays all Normal Zone customers which are predicted to be 
served by the Western Reservoir (at 956.4 ft) at static pressures of less than 35 psi.  As shown in the figure, 172 
customers are predicted to be incapable of receiving static pressures in excess of 35 psi from the Western Reservoir 
under these conditions.  Subtracting the eight customers currently equipped with individual booster pumps, a total 
of 164 customers are predicted to be limiting the Western Reservoir from providing a sufficient equalization 
volume at 35 psi in 2030.  

                                                      
3 956.4 ft – 35 psi x 2.31 psi/ft = 876 ft 
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Figure 10-3  Normal Zone Customers with Static Pressures Less Than 35 psi with Western Reservoir at Bottom of 2030 
Equalization Storage (956.4 ft) 

Assuming that the performance criteria can be reduced to 35 psi for customers at the end of the maximum day 
equalization period, the installation of individual booster pumps at 164 customer locations appears to be a 
reasonable option in order to satisfy both the existing pressure concerns at high elevation customers in the Normal 
Zone as well as the projected equalization storage deficit in 2030.  However, some of the larger parcels appear to 
be apartment, condominium, or institutional complexes, and the cost of pumps at these locations may be more 
complicated and/or costly. One larger parcel was noted to be empty in aerial photos, but it is potentially 
developable in the future.  

Based on the 1997 Program B installation cost of approximately $1,500 per unit, and escalating the cost to 2010 
prices using the Building Construction Index, the anticipated cost of this alternative is approximately $2,200 per 
unit, for a total cost of approximately $360,000.  It is noted that there may be a significant opportunity to save cost 
by contracting this project out as a single program. It is also noted that there may be opportunities to extend the 
High Zone boundary (using valving) in order to transfer some of the 164 customers – due to proximity to the zone 
boundary – from the Normal Zone to the High Zone, reducing the number of individual booster pumps required to 
approximately 100. 
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Alternative 2: Increase Overflow Elevation of the Western Reservoir  
Based on conversations with the City of Bloomington, it was determined that the Western Reservoir was 
constructed with an expandable roof, which can accommodate adding approximately 5 ft to the overflow of the 
reservoir.  This expansion would add approximately 0.35 MG of storage to the existing Western Reservoir (Figure 
10-4) as well as increase the overflow elevation from 982 ft to 987 ft. 

Existing Western Reservoir
3.0 MG

Existing Overflow Elevation: 982 ft

Bottom Elevation: 939.4 ft

Expansion (0.35 MG)

Proposed Overflow Elevation: 987 ft

 

Figure 10-4  Proposed Western Reservoir Expansion 

The impetus for expanding the Western Reservoir would be to accomplish two objectives: increase pressures to all 
customers served by the Western Reservoir above the performance goal of 40 psi, and increase the available 
equalization storage of the Western Reservoir to mitigate the projected 2030 deficit.  In order to assess the validity 
of this alternative to accomplish those objectives, an analysis of the resulting system conditions was conducted 
assuming the expanded Western Reservoir. 

Based on the higher overflow elevation, the proposed Western Reservoir would be capable of delivering water at 
40 psi to customers up to 894.6 ft as opposed to the existing Western Reservoir, which is only capable of providing 
water to customers at 889.6 ft.  Although this would be an improvement, the high elevation customer (not currently 
served by an individual booster pump) is 899 ft.  This critical customer would be predicted to experience static 
pressures of approximately 38 psi with the proposed Western Reservoir expansion at overflow.  Even under best-
case conditions, this overflow elevation is not sufficient to meet the pressure performance goal of 40 psi. 

In order to be considered usable effective storage for equalization, water must be capable of being delivered to the 
critical customer at 40 psi.  In order to meet the 2030 equalization storage deficit of 1.78 MG, the proposed 
Western Reservoir would have a water level of approximately 959.6 ft following the equalization volume 
depletion.  At this water level, the critical customer (899 ft) would be predicted to experience a static pressure of 
approximately 26 psi, which is significantly below the minimum acceptable pressure criteria of 35 psi. 

Based on the above analysis, it is clear that increasing the overflow elevation of the Western Reservoir by 5 ft is 
not an effective solution to the pressure and storage issues in the Normal Zone.  In order to meet both pressure, and 
storage deficiencies, the expansion of the Western Reservoir would need to be, as shown in Figure 10-5, 
approximately 23 ft – resulting in an overflow elevation of 1,005 ft, and an added volume of approximately 1.6 
MG.   
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High Elevation Customer: 899 ft

Existing Western Reservoir
3.0 MG

Existing Overflow Elevation: 982 ft

Bottom Elevation: 939.4 ft

Needed Expansion (1.6 MG)

Needed Overflow Elevation: 1,005 ft

46 psi

Overflow : 1,005 ft

Bottom of Equalization: 980 ft

35 psi

 

Figure 10-5  Needed Western Reservoir Expansion 

As shown in the figure above, an increase in the overflow elevation of the Western Reservoir to 1,005 ft would 
increase the static pressure at the critical elevation customer to 46 psi when the reservoir is at overflow, and 35 psi 
when the reservoir is at the bottom of the projected 2030 equalization volume (1.78 MG).   

Although adding 23 feet to the top of the Western Reservoir would theoretically allow the tank to effectively serve 
the Normal Zone customers at sufficient pressures while containing sufficient equalization storage to effectively 
meet 2030 demands, making this change is most likely not feasible from a structural perspective, and it would 
negatively affect several aspects of the distribution system.  The WTP high service pumps are designed to pump 
into the 982 Zone.  Adding 23 ft to the Western Reservoir effectively raises the normal HGL of the Normal Zone 
to 1,005 ft.  This would create significant issues with the existing pumps as their flow capacities would be greatly 
diminished when pumping to the higher head required by the new Western Reservoir.  In addition, the Valley 
View Tower – maintaining an overflow elevation of 984 ft – would remain full almost all of the time, the altitude 
closing in order to allow the Western Reservoir to fill up to over 1,000 ft.  Operating the system like this could lead 
to significant water quality concerns at both the Valley View Tower (which will remain locked shut by the altitude 
valve the majority of the time) and the Western Reservoir (which will have a significant volume of water at the 
bottom of the tank which will not turn over regularly).   

Alternative 3: Convert Western Reservoir to a Pumped Storage Facility 
Based on conversations with the City of Bloomington, a third alternative was analyzed which consists of the 
Western Reservoir being converted from a floating storage facility to a pumped storage facility.  Under this 
alternative, the Western Reservoir would continue to fill by gravity, however, instead of floating on the system, 
water would be pumped into the system at a sufficient HGL such that all critical high elevation customers would 
receive service above the performance goal of 40 psi at all flow rates.  In addition to meeting the pressure criteria, 
this alternative would also allow all the requisite equalization volume of 1.78 MG to be delivered to the system 
(assuming that the firm capacity of the installed booster pumps is at least 7.2 mgd) from the Western Reservoir. 

In order to assess the validity of this alternative, a hydraulic model simulation was conducted under 2030 
Maximum Day Conditions.  A pump was added to the model at the Western Reservoir location and controls were 
utilized such the Western Reservoir filled during the night (12:00am to 5:00am) and during the afternoon demand 
lull (11:00am to 5:00pm).  During the demand peaks, the pump was operated in order to simulate the proposed 
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pump storage facility.  Figure 10-6 displays the operation of both the pumped Western Reservoir and the Valley 
View Tower during the EPS model simulation.  

2030 Maximum Day Demand, Western Reservoir Pumped Storage
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Figure 10-6  Model Tank Operations, 2030 Maximum Day with Western Reservoir Pumped Storage 

As shown in the figure, the Western Reservoir is pumped such that it provides equalization storage to the Normal 
Zone, and refills when possible.  In order to fill the Western Reservoir overnight (and during midday), the 82nd 
and Penn pumps must be pumping at high rates, which cause the Valley View Tower to fill up and lock shut for the 
majority of the day.  Although the tank does turn over during the evening peak, this issue could be exacerbated 
during lower demand days.   

Although the model simulation verified that converting the Western Reservoir is possible operationally, it does not 
solve one of the primary issues that this alternative is meant to address – system pressures.  During peak demand 
periods when the Western Reservoir pump is on, all customers are predicted to exceed the pressure performance 
goal of 40 psi; however, during the tank refill periods when the pump is off, customer pressures will be dictated by 
the actual water level of the reservoir.  During these times, a significant number of customers are predicted to 
experience pressures below 40 psi, with some below 30 psi.   

In addition to the fact the this alternative will not satisfy the pressure performance criteria during portions of each 
day, this alternative will add a level of complexity to the system which could potentially cause operational issues  
and/or failure in the future.  Additionally, this alternative will require a surge analysis to investigate potential 
pressure transients due to emergency pump shut-down and other scenarios induced by the conversion of the 
Western Reservoir to a pumped storage facility. 

 

10.3.2 Emergency Gravity Supply From Minneapolis 
Based on discussions with the City, it was confirmed that the City of Bloomington is capable of being supplied by 
the City of Minneapolis by gravity.  Under this emergency scenario, flow through the Knox and Oliver 
transmission mains would bypass the 82nd and Penn Reservoirs and HSPS, and instead supply directly into the 
Normal Zone by gravity.  This would be accomplished by isolating the 82nd and Penn Storage/Pumping facility as 
shown in Figure 10-7. 
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Supply Closed

  Normal Zone

  

Figure 10-7  Minneapolis Gravity Supply Bypass Schematic 

 

According to the City, the Normal HGL of the Minneapolis Distribution System at the location of the 
interconnection with the Oliver and Knox transmission mains is approximately 1,034 ft, ranging up to a maximum 
of 1,075 ft.  Following the connection with Minneapolis, these dedicated transmission mains extend approximately 
15,000 ft south, terminating with a connection to the 82nd and Penn Reservoirs, as shown in Figure 10-8. 

36" OLIVER 

SUPPLY

42" KNOX 

SUPPLY

AVE.  HGL 1034' 

MAX. 1075'

82nd and Penn 

Reservoir and HSPS

 

Figure 10-8  Minneapolis Supply 

In order to assess the ability of the City of Bloomington to be supplied by gravity from the City of Minneapolis, a 
hydraulic model simulation was run which considered the supply from Minneapolis at 1,034 ft, and simulated 
transmission through both the Knox and Oliver Transmission mains under an emergency condition on maximum 
day.  Under these conditions, the model predicted that the Minneapolis Supply was capable of producing a head of 
at least 1,010 ft at 82nd and Penn in the Bloomington Distribution System, which is higher than the head predicted 
to be generated by the 82nd and Penn HSPS (1,000 ft) at the same hydraulic time step.  These results indicate that 
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the City of Bloomington can be served by gravity – under emergency conditions – with no degradation in customer 
service. 

Energy Savings Analysis 
Under current Minneapolis Supply conditions, head is broken prior to entering the 82nd and Penn storage 
reservoirs, dropping the HGL on the suction side of the 82nd and Penn HSPS from over 1,000 ft to below 859 ft.  
Water is then pumped out of the reservoirs and into the Normal Zone at an average HGL (on a maximum day) of 
approximately 1,000 ft.  The reason for this energy loss is to allow the City of Bloomington to maintain a storage 
reserve at the 82nd and Penn Reservoirs.  In an effort to reduce energy usage at 82nd and Penn, a scenario whereby 
the 36-inch Oliver main supplies the Normal Zone directly by gravity was considered. 

Based on the current contract, the Oliver main is capable of supplying 18.7 mgd 24 hours per day.  Assuming that 
the WTP produces 14 mgd, and the maximum hour peaking factor is a conservative 2.0, the Oliver main is capable 
of supplying demand and equalization needs for system demands up to 16.35 mgd4.  Projected average day 
demands in 2030 are 16.28 mgd, which is less than the critical demand level able to be met instantaneously by the 
Oliver main gravity supply.  This leads to the conclusion that in 2030, during more than 50% of the year, the 
Bloomington distribution system can be adequately served with no pumping at 82nd and Penn.  

Although there would be operational issues associated with maintaining fresh water in the 82nd and Penn 
Reservoirs in case of emergency or unexpectedly high demands on a given day, we feel that the potentially 
significant energy cost savings warrant further investigation.  An analysis which studies various potential 
gravity/pumped scenarios in order to determine economic viability and potential cost savings is recommended.  

10.4 Pipelines 

10.4.1 Transmission 
Based on the hydraulic evaluations in the 2030 and 2010 scenarios, transmission improvements are not predicted to 
be required to meet the key service pressure and fire flow performance goals, but improvements can still be 
recommended to improve system reliability. These improvements are not classified as urgently necessary, and as 
such, a timing cannot be assigned to them because they are not based on meeting a specified engineering criteria. 
Instead, they are reliability-based, which is a function of the risk-tolerance of the community and available funding 
in the utility. 

The heavy utilization of some pipes makes them critical, and if these pipes need to be removed from service for 
any reason, it could be difficult or impossible to maintain service goals downstream of the impacted area. 
Following is a discussion of the most critical pipes based on head loss and diameter: 

▪ 16-inch on American Blvd from 12th Ave to Bloomington Ave: Limited east-west hydraulic capacity in this 
area creates a bottleneck with high head losses in three parallel pipes here. These bottlenecks can be relieved 
by installing additional capacity—either by replacing a pipe with a larger diameter or by installing a parallel 
pipe or additional capacity on a parallel road in the vicinity. This bottleneck is only apparent in future 
scenarios. 

                                                      
4 Critical Demand = (Oliver Flow + WTP Flow ) ÷ PH Factor 
(18.7 mgd + 14 mgd) ÷ 2.0 = 16.35 mgd 
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▪ Transmission Pipes to Western Reservoir: The 16-inch main supplying the Western Reservoir from the water 
treatment plant, south and west of the intersection of College View Road and 98th Street, are heavily utilized. 
While these pipes are predicted to have moderate head loss in existing conditions, the head loss in 2030 is 
predicted to exceed performance criteria for head loss. These pipes are predicted to marginally exceed 
performance criteria while filling in the early hours of the morning. In this case, improvements are not 
hydraulically required, but the heavy utilization of this pipe is possible indication of its criticality. Because of 
the apparent importance of this main, additional simulations were conducted to determine the impact of failure 
of key pipes. Although critical pressures were predicted to drop below 30 psi, pressures were predicted to 
remain above 20 psi for the 24 hour simulation. This is an indication that other mains are capable of serving 
the area in the event of an emergency, and improvements are not required on this main. 

▪ Transmission Pipes To/From Valley View Tower: In 2030, high head loss pipes are predicted to be 
widespread in this area. Given the limited volume of the Valley View Tower with respect to the demands in 
the area served by the Tower, increasing pipe capacity could contribute to faster drawdown of the Valley View 
Tower and require modified pump operations to refill the Tank. However, it is noted that additional operations 
are presently required to serve as equalization storage in the system, so this is not surprising. A failure of the 
12-inch or 16-inch main on 90th Street in the vicinity of the Valley View Tower is predicted to result in service 
pressures less than 30 psi, but not in pressures less than 20 psi. Because such a failure could be considered an 
emergency condition, no action is recommended on these pipes at this time, but consideration of the age and 
condition of the mains in this vicinity is recommended. 

▪ North-South Distribution Capacity on Humboldt Ave and Colfax Ave: This neighborhood is served largely 
by 6-inch and 8-inch mains, and the upstream pipes are near the limit of their capacity. In particular, two 
segments, one 8-inch pipe on Humboldt Ave between 100th Street and 102nd Street and one 6-inch pipe on 
102nd between Colfax and Fremont, are predicted to have high head loss because of the magnitude flowing 
through these pipes to serve the southern portion of the district. Given that this is a distribution-level problem 
and the model does not include all pipes, this may not actually be a limitation in the distribution system, when 
additional pipes on parallel streets are added to the model. Therefore, no action is recommended at this time. 
There are no predicted limitations in service pressure or fire flow on the main pipes in the model.  

In addition to the specific analyses based on head loss and diameter, a robust criticality analysis was performed to 
identify critical mains that, in the event of failure, could lead to a significant reduction in service. In this analysis, 
the service impact of iteratively removing each pipe from the system was simulated. The resulting identification of 
critical pipes is presented in Figure 10-9. This analysis found that with the exception of dead end mains, no 
transmission pipes were responsible for a loss of pressure resulting in a service pressure less than 20 psi. However, 
a number of mains were identified that were predicted to result in service pressures less than 30 psi in the event of 
failure. Not surprisingly, these are typically the largest mains in the system, so failure of these mains could 
reasonably be considered to be an emergency and pressures as low as 20 psi could be considered acceptable. 
However, the age and condition of each of these mains should be taken into consideration to ascertain the 
likelihood of failure. If any of these mains are in poor condition, redundancy projects should be considered.  
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Figure 10-9  Critical Pipes in the Bloomington Water System 

10.4.2 Distribution 
Recommendations at the local distribution level are limited because the analysis was limited to a skeletonized 
system. Recommendations have been grouped into three categories: (1) low service pressures near the water 
treatment plant and the 82nd and Penn pumping station, (2) possible pressure zone adjustments, and (3) local fire 
flow improvements. 

Service pressures at WTP and 82nd&Penn 
Similar to the high elevation areas served by the Western Reservoir, there are two areas with particularly high 
elevations for the Normal Zone near the Water Treatment Plant and approximately mid-way between the WTP and 
the 82nd and Penn Avenue HSPS, in the vicinity of Shepherd Hills Drive and Zenith Road. These locations are not 
directly served by the Western Reservoir or the Valley View Tower because they are in close proximity to the high 
service pumping stations, which operate continuously. Therefore, the head in these locations is typically greater 
than the tank level. Minimum service pressures during maximum day demands were investigated to evaluate the 
ability to provide service to these locations. Minimum predicted model pressures were related to high elevation 
parcels to identify customers predicted to experience pressures less than 35 psi during maximum day demands. 
These customers are highlighted in Figure 10-10. In this figure, parcels highlighted in green have already received 
individual booster pumps. Parcels highlighted in red are recommended to be provided with booster pumps in a new 
booster pump program. In this analysis, 21 parcels were identified to have minimum pressures less than 35 psi. 

As an alternative approach to improve service to the high elevation customers near the WTP, it would be possible 
to connect these and neighboring customers to the High Zone by extending an 8-inch diameter main from the 
Poplar Bridge BPS along Poplar Bridge Road and Kingsdale Drive. This alternative would not be feasible for 
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service to the customers on Shepherds Hill Drive and Zenith Road because installing a pipe that distance would not 
be cost effective relative to individual boosters. 

It is noted that service pressures in these locations are highly dependent on pump operations. It is therefore possible 
that pressures could be lower than predicted, and minimum pressures could occur during lower demand periods, 
when the pump stations are not required to be operated as frequently. However, the results of this evaluation are 
thought to provide a reasonable approximation of the critical customers that could normally experience pressures 
below 35 psi. 

 

Figure 10-10  High Elevation Customers Between WTP and 82nd & Penn 

 

Local Fire Flow Improvements 
Because a skeletonized model was used in this study, a complete fire flow analysis of the system was not possible, 
and analysis was limited to the modeled pipes. Aside from fundamental transmission concerns, a large fraction of 
fire flow limitations in a water distribution system are normally expected to occur on smaller diameter 8-inch and 
6-inch pipes. Since these pipes were not modeled in this study, areas with limited fire flow were not identified. 

Two locations were identified in the skeletonized model with available fire flows predicted to be less than 1,000 
gpm: 
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▪ The first location is a long (~2,500 ft) stretch of 8-inch pipe serving Hyland Lake Park. This location has a 
predicted available fire flow of approximately 900 gpm. Depending on the type and use of facilities in the 
park, it is not clear whether additional fire flow capacity is required at this location. To provide a minimum of 
1,000 gpm and meet the service goals at these locations, it would be necessary to replace this pipe or provide a 
parallel pipe to increase the capacity. However, it may not be desirable to replace the existing pipes to provide 
fire flow, since it could have a detrimental impact on water quality.  

▪ The second location corresponds with two related high elevation areas in the vicinity of Heritage Hills Drive & 
105th Street and Morris Road off of Heritage Hills Drive. These locations are not adequately represented in the 
skeletonized model, so more detailed study is required to determine if actual fire flow limitations may exist. 
Many high elevation customers in this area were recommended for individual booster pumps. It appears that 
several high elevation customers on 104th Street may be better served by shifting the high zone further south 
and east along the 8-inch main, from the intersection of Scarborough Rd and Toledo Ave to Rich Road and 
Toledo Ave. 

10.5 Comparison with 1998 Plan Improvements 
Each of the main improvement projects recommended in the 1998 Water System Master Plan corresponds 
precisely or generally with critical mains identified in the criticality analysis, and the 1998 recommendations would 
help relieve critical mains identified in the present study. Although parallel mains in these locations were 
recommended in 1998, the installation of these mains is no longer strongly recommended in the present study for 
the following reasons: 

▪ The head losses observed in these mains are not responsible for or related to service deficiencies in the form of 
low predicted service pressures or low predicted available fire flows. 

▪ Although these improvements would be beneficial in terms of maintaining full service in the event of a main 
break, a main break in these areas is not predicted to result in service pressures less than 25 psi because the 
system is well-looped. 

Most of the improvements recommended in 1998 are not discouraged, but they were not found to be necessary in 
the present study. The primary reason for the difference in recommendations is the increased reliability of the 
model compared with the 1998 model. In particular, the model was calibrated for an extended period simulation, 
which allows a realistic simulation of system operations, tank fill/drain cycles, and a full range of system flows and 
pressures. Furthermore, the calibration provided an above average match of modeled and measured data, so it was 
considered to be sufficiently reliable. 
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Chapter 11. Capital Improvements Program 
Previous chapters of this report present the progressive development of the long-range water master plan for the 
Bloomington Water System.  The previous chapters: 

▪ Describe the factors that influence water supply planning. 

▪ Project future water requirements. 

▪ Define the existing water system and assess its capacity to serve current demand. 

▪ Present hydraulic computer modeling of the future system to identify deficiencies and serve future demand. 

▪ Define improvements to the existing system that would transform the existing system into the future system. 

This chapter presents the long-range master plan for water works required to serve the needs of the Study Area in 
the 2030 planning year, and identifies a capital improvements program (CIP) for the necessary improvements to 
meet service goals during this period.  Actual growth rates and development patterns, along with resulting demand 
and system performance, should be monitored regularly and the need and timing of future improvements either 
confirmed or adjusted to fit future conditions. 

In general, the distribution system network was found to be well-looped and of adequate capacity for existing and 
future demands. As such, clear capacity-based pipe improvement projects were not identified in this project. 
Instead, further study is recommended to understand the condition and deterioration rates of pipes in the system, to 
enable implementation of a long term main replacement and rehabilitation plan, which will provide a plan for 
capital improvements and maintenance of the system based on numerous factors, and not just available pipe 
capacity. 

Following are the recommended improvements that were identified for the water system.  Table 11-1 provides a 
summary of the recommended improvements, which are also shown in Figure 11-1. 

Table 11-1 Recommended Capital Improvements 

Capital Improvement Estimated Cost 

Individual Booster Program $407,000 

Increase Firm Capacity at WTP HSPS $209,000 

Mechanical Dewatering System at WTP $4,262,000 
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Figure 11-1 Recommended Capital Improvements 

11.1 Implement Individual Booster Program for High Elevation Customers 
In June of 1993, a resolution approving the “Residential Water Pressure Policy” was adopted by the Bloomington 
City Council.  The goal of the program was to provide increased water service pressures to customers with 
marginal pressures relative to the city standards.  Based on the results of a study conducted at the time, a total of 
132 properties were identified as candidates for the program.  Of those invited to participate, 42 elected to proceed 
with the installation of an individual booster pump. A similar program is recommended to provide service to the 
highest elevation customers in the Normal Zone and to increase the effective available storage volume of the 
Western Reservoir. 

Assuming that the performance criteria can be reduced to 35 psi for customers at the end of the maximum day 
equalization period, the installation of individual booster pumps to serve 164 parcels is the recommended option to 
satisfy both the existing pressure concerns at high elevation customers in the Normal Zone as well as the projected 
equalization storage deficit in 2030.   

Similar to the high elevation areas served by the Western Reservoir, there are two areas with particularly high 
elevations for the Normal Zone near the Water Treatment Plant and approximately mid-way between the WTP and 
the 82nd and Penn Avenue HSPS, in the vicinity of Shepherd Hills Drive and Zenith Road. In this analysis, 21 
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parcels were identified to have minimum pressures less than 35 psi and are recommended for inclusion in the 
individual booster program.  

Based on the 1997 Program B installation cost of approximately $1,500 per unit, and escalating the cost to 2010 
prices using the Building Construction Index, the anticipated cost of this alternative is approximately $2,200 per 
unit to 185 units, for a total cost of approximately $407,000.  It is noted that there may be a significant opportunity 
to save cost by contracting this project out as a single program. It is also noted that there may be opportunities to 
extend the High Zone boundary (using valving) in order to transfer some of the 185 customers – due to proximity 
to the zone boundary – from the Normal Zone to the High Zone, reducing the number of individual booster pumps 
required to approximately 120. 

11.2 Increase Firm Capacity of High Service Pump Station at Water Treatment Plant 
Additional pumping capacity will be required at the WTP in order to fully utilize the available treatment capacity 
of 14.0 mgd within the firm capacity of the pumping station. Further study is recommended to identify an 
appropriate capacity, head, and configuration for this pump, given the range of operating conditions that are 
anticipated at the station throughout the year. Planning level costs of replacing the smallest pump unit (HSP#1) 
with a larger capacity unit are estimated to be $209,000. 

11.3 Install Mechanical Dewatering System at the Water Treatment Plant 
Plate and frame filter presses have proven to be an efficient alternative for mechanical dewatering of lime softening 
residuals.  A present worth analysis, presented in Chapter 5, revealed that implementing a mechanical dewatering 
system in a new brick and block building at the water treatment plant is predicted to be the least cost alternative to 
handling residuals. The estimated planning level capital cost for such a project, as described in Chapter 5, is 
$4,262,000 in 2010 dollars. 

In addition to the recommended capital improvements presented above, two studies are recommended to (1) 
evaluate the possibility to save significant energy costs by adjusting pump operations and (2) to prioritize water 
main improvements for long term maintenance of the system. These recommendations are outlined further below. 

11.4 Conduct study on possible benefits and energy savings by adjusting operations related to 
the Minneapolis supply and pumping from the 82nd and Penn Pumping Station. 

Based on a simple analysis of demands and supply capacity at the 82nd and Penn connection with Minneapolis, it 
appears that it may be possible to reduce energy usage due to pumping at 82nd and Penn. This analysis led to the 
preliminary conclusion that in 2030, during more than 50% of the year, the Bloomington distribution system can 
be adequately served with no pumping at 82nd and Penn. Although there would be operational issues associated 
with maintaining fresh water in the 82nd and Penn Reservoirs in case of emergency or unexpectedly high demands 
on a given day, we feel that the potentially significant energy cost savings warrant further investigation.  An 
analysis which studies various potential gravity/pumped scenarios (including potential water quality impacts) in 
order to determine economic viability and potential cost savings is recommended.  

11.5 Conduct Long Term Main Replacement and Rehabilitation Planning Study 
Based on the hydraulic evaluations in the 2030 and 2010 scenarios, transmission improvements are not predicted to 
be required to meet the key service pressure and fire flow performance goals.  A criticality analysis was performed 
to identify critical mains that, in the event of failure, could lead to a significant reduction in service. This analysis 
found that with the exception of dead end mains, no transmission pipes were responsible for a loss of pressure 
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resulting in a service pressure less than 20 psi. Therefore, rather than replacing these mains, it is recommended to 
develop a long term main replacement and rehabilitation program, in which pipe replacement or rehabilitation can 
be prioritized based on pipe condition, likelihood of failure, consequence of failure, and criticality to system 
operations, among other things. 
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Table A-1  Historical and Projected Population by TAZa) 

Traffic Analysis Zone (TAZ) 
Population 

1997 2000 2006 2010 2020 2030 
471 724 599 324 324 314 1,057 
472 0 0 446 446 1,775 2,170 
473 1,735 1,372 1,351 1,351 1,351 1,351 
474 2,276 2,651 2,047 2,047 2,047 2,047 
475 2,894 2,492 2,507 2,507 2,507 2,507 
476 2,382 2,318 2,221 2,221 2,252 2,252 
477 4,847 5,204 5,325 5,702 5,714 5,714 
478 2,590 2,892 2,860 3,201 3,201 3,201 
479 1,902 1,797 1,952 1,980 1,980 2,217 
480 1,675 1,869 1,981 1,981 1,981 1,981 
481 2,075 2,013 1,949 1,949 1,949 1,949 
482 656 785 713 713 713 713 
483 184 191 199 199 199 155 
484 446 459 427 427 427 427 
485 1,993 1,831 2,052 2,052 2,131 2,131 
486 1,493 1,389 1,695 1,695 1,695 1,695 
487 2,465 2,010 2,121 2,200 2,200 2,239 
488 508 470 497 497 497 536 
489 3,361 2,707 3,038 3,038 3,275 3,301 
490 2,602 2,970 2,882 2,882 2,882 2,882 
491 5,173 6,077 5,725 5,725 5,898 6,056 
492 5,304 4,703 4,867 4,867 4,867 4,867 
493 4,353 3,996 4,134 4,144 4,162 4,504 
494 2,283 2,348 2,255 2,255 2,255 2,255 
495 1,418 1,497 1,560 1,560 1,560 1,560 
496 91 145 67 67 67 67 
497 529 522 507 507 507 507 
498 1,445 1,549 1,624 1,624 1,624 1,624 
499 546 233 359 359 837 837 
500 0 0 0 0 0 0 
501 3,781 3,783 4,075 4,226 4,225 4,225 
502 1,562 1,264 1,357 1,357 1,802 1,802 
503 2,317 2,359 2,403 2,403 2,403 2,403 
504 299 575 217 217 217 217 
505 4,389 3,740 3,908 3,908 3,959 3,959 
506 2,441 1,486 2,345 2,345 2,345 2,345 
507 4,164 4,211 3,736 3,736 3,736 3,736 
508 1,773 1,519 1,422 1,422 1,422 1,422 
509 2,774 2,911 2,848 2,848 2,848 2,848 
510 3,599 2,726 2,741 2,710 3,623 3,623 
511 2,911 3,398 2,990 2,990 2,990 2,990 
512 0 0 0 0 0 0 
517 0 8 0 0 0 0 
534 0 0 0 0 0 0 
535 12 6 5 5 5 5 
537 0 0 3 3 3 3 
541 89 97 97 97 97 97 
542 0 0 0 0 0 0 

TOTAL 88,061 85,172 85,832 86,787 90,542 92,477 
a) TAZ data published in 2008 Comprehensive Plan 
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Table A-2  Historical and Projected Population by Census Tract 

Census Tract 
Population 

1990 1997 2000 2006 2010 2020 2030 

251.00 2,318 3,073 2,415 2,675 2,675 3,998 5,136 

252.01 4,499 4,321 4,664 3,970 3,970 3,970 3,970 

252.05 5,164 5,197 5,036 5,116 5,455 5,455 5,455 

253.01 3,106 3,306 3,100 3,288 3,384 3,414 3,414 

253.02 4,328 3,649 4,326 4,000 4,281 4,292 4,293 

254.01 3,827 3,649 3,944 4,182 4,183 4,183 4,149 

254.03 3,763 4,156 3,631 3,892 3,993 3,993 4,266 

256.01 2,477 2,482 2,304 2,451 2,451 2,924 2,924 

256.03 4,065 3,795 3,783 4,089 4,240 4,240 4,240 

256.05 3,757 3,867 3,631 3,748 3,748 4,192 4,192 

257.01 7,134 7,375 6,792 6,920 6,919 6,933 6,933 

257.02 4,864 4,918 4,876 4,865 4,873 4,887 5,155 

258.01 3,076 3,228 2,954 3,090 3,091 3,252 3,280 

258.02 2,649 2,463 2,417 2,514 2,514 2,588 2,596 

258.03 3,218 2,299 3,108 2,366 2,368 2,412 2,513 

258.05 3,131 3,044 3,228 3,370 3,370 3,459 3,540 

259.03 6,704 6,922 6,398 6,955 6,955 7,000 7,039 

259.05 4,098 5,647 4,019 5,050 5,050 5,101 5,101 

259.06 6,840 5,648 6,389 5,018 5,018 5,018 5,018 

259.07 3,784 5,460 4,931 4,665 4,634 5,532 5,532 

1255.00 3,528 3,561 3,226 3,609 3,616 3,700 3,732 

TOTAL 86,330 88,061 85,172 85,832 86,787 90,542 92,477 
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Table A-3  Forecast Tracker Development Criteria 

Forecast Tracker Development Criteria 
Household Size, persons/HH 

Employment 
Rate 

(Density), 
Employees/SF 

Normal Zone High Zone 

Code Use Type 
Development 

Unit 

2006 
to 

2009 

2010 
to 

2019 

2020 
to 

2029 

2030 
and 

Later 

2006 
to 

2009 

2010 
to 

2019 

2020 
to 

2029 

2030 
and 

Later 

1 Single Family Residential Housing Units 2.44 2.40 2.38 2.37 2.43 2.41 2.40 2.40  

2 Multi-Family Residential Housing Units 1.86 1.83 1.81 1.80 1.77 1.76 1.75 1.75  

3 Hotel - Type Not Known Rooms          

4 Hotel - w/ Restaurant Rooms          

5 Hotel - w/ Conference and 
Restaurant 

Rooms          

6 Hotel - Limited Service Rooms          

7 Office Square Foot         0.00750 

8 Retail - General Square Foot         0.00250 

9 Retail - 100% Restaurant Square Foot         0.00172 

10 Retail - No Restaurants Square Foot         0.00128 

11 Industrial - Type Not Known Square Foot         0.00216 

12 Industrial - Low Use Square Foot         0.00128 

13 Industrial - Medium Use Square Foot         0.00000 

14 Industrial - Warehouse Square Foot         0.00000 

15 Other Varies          
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Table A-4  Future Population Forecast Tracker Data Allocated to Service Zones 

Population Changes due to                           
Forecast Tracker Development Population at Milestone Year 

Year 
Total          

Service Area 
Normal Zone High Zone Year 

Total          
Service Area 

Normal Zone High Zone 

    2006 85,831 71,970 13,860 

2007 93 93 0     

2008 41 41 0     

2009 158 158 0     

2010 884 884 0     

    2010 87,007 73,146 13,860 

2011 2,122 2,122 0     

2012 222 222 0     

2013 117 117 0     

2014 1,785 1,741 44     

2015 1,527 1,527 0     

2016 0 0 0     

2017 0 0 0     

2018 548 548 0     

2019 29 29 0     

2020 0 0 0     

    2020 93,357 79,452 13,905 

2021 272 272 0     

2022 0 0 0     

2023 0 0 0     

2024 550 500 51     

2025 2,727 2,727 0     

2026 0 0 0     

2027 0 0 0     

2028 0 0 0     

2029 386 386 0     

2030 0 0 0     

    2030 97,291 83,336 13,955 
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Table A-5  Historical and Projected Employment by TAZa) 

Traffic Analysis Zone (TAZ) Employment 
1997 2000 2006 2010 2020 2030 

471 6,130 6,790 3,313 3,313 6,003 6,535 
472 8,586 9,156 7,903 7,654 14,066 20,370 
473 11,673 11,805 16,191 26,657 27,041 27,471 
474 2,980 3,104 1,741 1,741 1,741 1,866 
475 560 560 343 343 343 343 
476 375 375 79 79 79 79 
477 1,594 1,594 1,317 1,317 1,317 1,317 
478 100 100 0 0 0 0 
479 222 222 0 0 0 0 
480 97 97 0 0 0 0 
481 2,096 2,096 1,919 1,919 1,919 2,044 
482 1,050 1,050 743 779 872 872 
483 2,512 2,538 2,661 2,661 2,661 3,013 
484 1,476 1,476 907 1,020 1,020 1,145 
485 373 373 307 307 307 307 
486 4,046 4,046 4,781 4,781 4,781 4,781 
487 2,326 2,364 2,031 2,031 2,031 2,031 
488 2,365 2,365 1,874 2,002 2,371 2,995 
489 655 655 280 280 280 280 
490 221 221 0 0 0 0 
491 571 571 365 365 365 365 
492 1,561 1,561 1,542 1,542 1,542 1,542 
493 779 779 146 244 244 244 
494 288 288 0 0 0 0 
495 489 489 74 74 74 74 
496 3,796 3,796 5,115 5,449 5,802 5,802 
497 2,669 2,669 4,039 4,039 4,039 4,039 
498 330 330 428 428 428 428 
499 3,207 3,207 3,981 3,862 5,057 5,330 
500 6,118 6,246 7,245 7,245 7,245 7,370 
501 1,863 1,863 1,815 1,815 1,815 1,815 
502 3,292 3,331 3,105 2,948 2,948 3,569 
503 251 251 0 0 0 0 
504 5,755 6,621 7,800 9,829 11,954 12,819 
505 190 190 275 275 275 275 
506 224 224 0 0 0 0 
507 72 72 0 0 0 0 
508 1,131 1,131 96 96 96 96 
509 342 342 376 376 376 376 
510 4,816 5,625 4,467 4,706 4,706 4,706 
511 379 379 184 184 184 184 
512 857 857 200 200 200 200 
517 3,371 3,371 1,352 2,307 4,516 4,529 
534 3,177 3,177 2,306 2,306 2,306 2,306 
535 1,387 2,460 2,305 2,305 3,057 3,057 
537 586 586 0 0 0 0 
541 0 0 132 132 132 132 
542 528 528 507 507 507 507 

TOTAL 97,466 101,931 94,245 108,118 124,700 135,214 
a) TAZ data published in 2008 Comprehensive Plan 
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Table A-6  Historical and Projected Employment by Census Tract 

Census Tract 
Employment 

1990 1997 2000 2006 2010 2020 2030 

251.00 - 26,815 28,183 27,580 37,797 47,283 54,555 

252.01 - 4,925 5,043 3,571 3,571 3,571 3,815 

252.05 - 501 501 303 303 303 303 

253.01 - 847 847 604 604 604 604 

253.02 - 1,088 1,088 774 774 775 777 

254.01 - 3,367 3,379 3,340 3,376 3,469 3,630 

254.03 - 549 557 410 410 410 410 

256.01 - 6,141 6,142 8,344 8,229 9,393 9,660 

256.03 - 8,772 8,899 9,183 9,185 9,189 9,315 

256.05 - 6,993 7,041 4,550 5,367 7,593 8,235 

257.01 - 943 943 645 645 645 645 

257.02 - 4,494 4,494 4,799 5,173 5,491 5,491 

258.01 - 1,238 1,238 711 747 777 777 

258.02 - 0 0 0 0 0 0 

258.03 - 1,391 1,391 1,146 1,163 1,163 1,163 

258.05 - 2 2 1 1 1 1 

259.03 - 12,283 13,584 12,763 14,902 17,004 17,860 

259.05 - 2,709 3,782 3,233 3,233 3,986 3,986 

259.06 - 1,437 1,437 394 394 394 394 

259.07 - 2,288 2,654 2,098 2,206 2,206 2,206 

1255.00 - 10,485 10,529 9,796 10,038 10,443 11,388 

TOTAL - 97,269 101,734 94,245 108,118 124,700 135,214 
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Table A-7  Future Employment Forecast Tracker Data Allocated to Service Zones 

Employment Changes due to                               
Forecast Tracker Development 

Employment at Milestone Year 

Year 
Total           

Service Area 
Normal Zone High Zone Year 

Total           
Service Area 

Normal Zone High Zone 

    2006 94,245 91,161 3,055 

2007 312 312 0     

2008 1,051 1,051 0     

2009 -296 -296 0     

2010 213 213 0     

    2010 95,525 92,441 3,055 

2011 725 725 0     

2012 845 845 0     

2013 0 0 0     

2014 3,077 3,077 0     

2015 5,509 5,509 0     

2016 0 0 0     

2017 0 0 0     

2018 0 0 0     

2019 2,665 2,283 382     

2020 0 0 0     

    2020 108,346 104,881 3,437 

2021 1,032 1,032 0     

2022 658 658 0     

2023 0 0 0     

2024 1,253 1,253 0     

2025 1,702 1,702 0     

2026 0 0 0     

2027 916 916 0     

2028 0 0 0     

2029 1,259 1,259 0     

2030 0 0 0     

    2030 115,166 111,700 3,437 
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Figure A-1  Household Size by Water Service Zone Determined from Census & Comprehensive Plan Data 
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Figure A-2  Population Projections by Water Service Zone Determined from Census and Comprehensive Plan Data 

 
  

Population

0

10,000

20,000

30,000

40,000

50,000

60,000

70,000

80,000

90,000

100,000

110,000

120,000

1960 1970 1980 1990 2000 2010 2020 2030 2040

Year

P
er

so
n

s

Projected Historic Design

Service Area

Population

0

10,000

20,000

30,000

40,000

50,000

60,000

70,000

80,000

90,000

100,000

1960 1970 1980 1990 2000 2010 2020 2030 2040

Year

P
er

so
n

s

Projected Historic Design

Normal Zone

Population

0

2,000

4,000

6,000

8,000

10,000

12,000

14,000

16,000

18,000

20,000

1960 1970 1980 1990 2000 2010 2020 2030 2040

Year

P
er

so
n

s

Projected Historic Design

High Zone



APPENDIX A 
 City of Bloomington Population and Employment Information  

 

Page  A-10 January 2011 Black & Veatch 

 

 

Figure A-3  Employment Projections by Water Service Zone Determined from Comprehensive Plan Data 
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Table B-1  Historical Usage 

Year Ann Average Day 
(mil gal) 

Maximum Day 
(mil gal) 

Maximum Hour 
(mil gal) 

Ratio   MD/AA Ratio   MH/AA 

1971 7.75 22.65   2.92  
1972 8.24 22.70   2.75  
1973 8.84 24.40   2.76  
1974 8.36 25.68 63.02 3.07 7.54 
1975 8.10 29.68 45.77 3.66 5.65 
1976 9.69 24.38 50.62 2.52 5.22 
1977 8.47 24.94   2.94  
1978 8.70 26.36   3.03  
1979 8.34 20.28   2.43  
1980 9.77 33.32 64.80 3.41 6.63 
1981 9.31 30.45   3.27  
1982 10.88 30.19   2.77  
1983 9.79 31.58   3.23  
1984 10.10 35.65   3.53  
1985 10.29 32.39   3.15  
1986 10.22 28.82   2.82  
1987 12.81 38.81   3.03  
1988 14.94 39.50   2.64  
1989 12.55 30.68   2.44  
1990 10.97 27.04   2.47  
1991 11.04 27.86   2.52  
1992 11.63 30.93   2.66  
1993 10.24 20.09 38.11 1.96 3.72 
1994 11.21 22.68 43.63 2.02 3.89 
1995 11.68 28.08 44.38 2.40 3.80 
1996 12.48 28.18 44.38 2.26 3.55 
1997 11.95 29.65 48.00 2.48 4.02 
1998 12.19 21.26 40. 00 a) 1.74 3.28 
1999 11.58 23.00 a) 44. 00 a) 1.99 3.80 
2000 11.78 23.45 49.03 1.99 4.16 
2001 12.57 32.35 49.78 2.57 3.96 
2002 11.91 24.62 40.63 2.07 3.41 
2003 13.84 32.65 48.55 2.36 3.51 
2004 12.57 24.50 39.91 1.95 3.18 
2005 12.42 31.53 44.16 2.54 3.55 
2006 13.09 30.13 50.30 2.30 3.84 
2007 13.22 30.20 45.22 2.29 3.42 
2008 12.70 26.78 40.78 2.11 3.21 
2009 12.58 27.07 40.27 2.15 3.20 

1971-2009 Average 2.60 4.12 
1971-2009 Maximum 3.66 7.54 

1989-2009 Average 2.25 3.62 
1989-2009 Maximum 2.66 4.16 

a) Estimated 
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Table B-2  Historical Overall Unit Usage 

Year Usage, mgd District SA 
Population 

Unit Usage, gal/person/day 

Ann Ave Maximum Maximum Ann Ave Maximum Day Maximum 

1981 9.31 30.45  82,281 113 370  

1982 10.88 30.19  82,731 132 365  

1983 9.79 31.58  83,181 118 380  

1984 10.10 35.65  83,631 121 426  

1985 10.29 32.39  84,081 122 385  

1986 10.22 28.82  84,530 121 341  

1987 12.81 38.81  84,980 151 457  

1988 14.94 39.50  85,430 175 462  

1989 12.55 30.68  85,880 146 357  

1990 10.97 27.04  86,330 127 313  

1991 11.04 27.86  86,214 128 323  

1992 11.63 30.93  86,098 135 359  

1993 10.24 20.09 38.11 85,983 119 234 443 

1994 11.21 22.68 43.63 85,867 131 264 508 

1995 11.68 28.08 44.38 85,751 136 327 518 

1996 12.48 28.18 44.38 85,635 146 329 518 

1997 11.95 29.65 48.00 85,519 140 347 561 

1998 12.19 21.26 40. 00 a) 85,404 143 249 468 

1999 11.58 23.00 a) 44. 00 a) 85,288 136 270 516 

2000 11.78 23.45 49.03 85,172 138 275 576 

2001 12.57 32.35 49.78 85,282 147 379 584 

2002 11.91 24.62 40.63 85,392 139 288 476 

2003 13.84 32.65 48.55 85,502 162 382 568 

2004 12.57 24.50 39.91 85,611 147 286 466 

2005 12.42 31.53 44.16 85,721 145 368 515 

2006 13.09 30.13 50.30 85,831 153 351 586 

2007 13.22 30.20 45.22 86,070 154 351 525 

2008 12.70 26.78 40.78 86,310 147 310 472 

2009 12.58 27.07 40.27 86,549 145 313 465 

Max = 175 462 586 

Min = 119 234 443 

Ave = 142 331 516 

a) Estimated 
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Table B-3  Historical MMD:MAD Ratios 

 
Month MMD:MAD Ratio 

January 1.05 

February 1.07 

March 1.16 

April 1.17 

May 1.45 

June 1.41 

July 1.28 

August 1.43 

September 1.33 

October 1.05 

November 1.04 

December 1.04 
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Table B-4  Historical Customer Consumption (Demand) – Total System 

Year Total District 
Population 

Total   District   
Employment 

Annual Metered Sales, MG 

Residential Commercial Wholesale Total 
1970 81,971 40,030     
1971 81,957 42,137     
1972 81,943 44,244     
1973 81,929 46,350     
1974 81,915 48,457     
1975 81,901 50,564     
1976 81,887 52,671     
1977 81,873 54,778 2,092 939 0 3,031 
1978 81,859 56,884 2,150 981 0 3,131 
1979 81,845 58,991 2,088 1,011 0 3,099 
1980 81,831 61,098 2,575 1,070 0 3,645 
1981 82,281 63,226 2,367 1,053 0 3,420 
1982 82,731 65,353 2,852 1,088 0 3,940 
1983 83,181 67,481 2,490 1,115 0 3,605 
1984 83,631 69,609 2,550 1,198 0 3,748 
1985 84,081 71,736 2,656 1,147 0 3,803 
1986 84,530 73,864 2,500 1,362 0 3,862 
1987 84,980 75,992 3,181 1,571 0 4,752 
1988 85,430 78,119 3,634 1,628 0 5,262 
1989 85,880 80,247 3,063 1,471 0 4,534 
1990 86,330 82,374 2,668 1,395 0 4,063 
1991 86,214 84,502 2,691 1,376 0 4,067 
1992 86,098 86,630 2,755 1,458 0 4,213 
1993 85,983 88,757 2,274 1,351 0 3,625 
1994 85,867 90,885 2,540 1,505 0 4,045 
1995 85,751 93,013 2,583 1,558 0 4,141 
1996 85,635 95,140 2,966 1,585 0 4,551 
1997 85,519 97,268 2,686 1,615 0 4,301 
1998 85,404 98,757 2,664 1,638 0 4,302 
1999 85,288 100,245 2,577 1,458 0 4,035 
2000 85,172 101,734 2,869 1,669 0 4,538 
2001 85,282 100,486 2,940 1,646 0 4,586 
2002 85,392 99,238 2,551 1,572 0 4,123 
2003 85,502 97,990 3,421 1,631 0 5,052 
2004 85,611 96,741 2,735 1,565 0 4,300 
2005 85,721 95,493 2,555 1,640 0 4,195 
2006 85,831 94,245 2,819 1,721 0 4,540 
2007 86,070 97,713 2,836 1,645 0 4,481 
2008 86,310 101,182 2,746 1,550 0 4,296 
2009 86,549 104,650 2,708 1,383 0 4,091 
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Table B-5  Historical Customer Consumption 

Year Annual Volume, mil gal Annual Volume, % Total 

Residential Commercial Wholesale Total Residential Commercial Wholesale Total 

1971 0 0 0 0         
1972 0 0 0 0         
1973 0 0 0 0         
1974 0 0 0 0         
1975 0 0 0 0         
1976 0 0 0 0         
1977 2,092 939 0 3,031 69.0 31.0 0.0 100.0 
1978 2,150 981 0 3,131 68.7 31.3 0.0 100.0 
1979 2,088 1,011 0 3,099 67.4 32.6 0.0 100.0 
1980 2,575 1,070 0 3,645 70.6 29.4 0.0 100.0 
1981 2,367 1,053 0 3,420 69.2 30.8 0.0 100.0 
1982 2,852 1,088 0 3,940 72.4 27.6 0.0 100.0 
1983 2,490 1,115 0 3,605 69.1 30.9 0.0 100.0 
1984 2,550 1,198 0 3,748 68.0 32.0 0.0 100.0 
1985 2,656 1,147 0 3,803 69.8 30.2 0.0 100.0 
1986 2,500 1,362 0 3,862 64.7 35.3 0.0 100.0 
1987 3,181 1,571 0 4,752 66.9 33.1 0.0 100.0 
1988 3,634 1,628 0 5,262 69.1 30.9 0.0 100.0 
1989 3,063 1,471 0 4,534 67.6 32.4 0.0 100.0 
1990 2,668 1,395 0 4,063 65.7 34.3 0.0 100.0 
1991 2,691 1,376 0 4,067 66.2 33.8 0.0 100.0 
1992 2,755 1,458 0 4,213 65.4 34.6 0.0 100.0 
1993 2,274 1,351 0 3,625 62.7 37.3 0.0 100.0 
1994 2,540 1,505 0 4,045 62.8 37.2 0.0 100.0 
1995 2,583 1,558 0 4,141 62.4 37.6 0.0 100.0 
1996 2,966 1,585 0 4,551 65.2 34.8 0.0 100.0 
1997 2,686 1,615 0 4,301 62.5 37.5 0.0 100.0 
1998 2,664 1,638 0 4,302 61.9 38.1 0.0 100.0 
1999 2,577 1,458 0 4,035 63.9 36.1 0.0 100.0 
2000 2,869 1,669 0 4,538 63.2 36.8 0.0 100.0 
2001 2,940 1,646 0 4,586 64.1 35.9 0.0 100.0 
2002 2,551 1,572 0 4,123 61.9 38.1 0.0 100.0 
2003 3,421 1,631 0 5,052 67.7 32.3 0.0 100.0 
2004 2,735 1,565 0 4,300 63.6 36.4 0.0 100.0 
2005 2,555 1,640 0 4,195 60.9 39.1 0.0 100.0 
2006 2,819 1,721 0 4,540 62.1 37.9 0.0 100.0 
2007 2,836 1,645 0 4,481 63.3 36.7 0.0 100.0 
2008 2,746 1,550 0 4,296 63.9 36.1 0.0 100.0 
2009 2,708 1,383 0 4,091 66.2 33.8 0.0 100.0 

1971 - 2009 Average 65.7 34.3 0.0 100.0 
1971 - 2009 Maximum 72.4 39.1 0.0 100.0 
1989 – 2009 Average 64.0 36.0 0.0 100.0 

1989 - 2009 Maximum 67.7 39.1 0.0 100.0 
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Table B-6  Historical Non-Revenue Water 

Year 

Annual Volume 

Usage, 
mil gal 

Consumption, 
mil gal 

Non-Revenue Water 

mil gal % Usage % 

1971           
1972           
1973           
1974           
1975           
1976           
1977 3,091 3,031 60 1.9 2.0 
1978 3,177 3,131 46 1.4 1.5 
1979 3,045 3,099 -54 -1.8 -1.7 
1980 3,566 3,645 -79 -2.2 -2.2 
1981 3,398 3,420 -22 -0.6 -0.6 
1982 3,971 3,940 31 0.8 0.8 
1983 3,572 3,605 -33 -0.9 -0.9 
1984 3,697 3,748 -51 -1.4 -1.4 
1985 3,756 3,803 -47 -1.3 -1.2 
1986 3,729 3,862 -133 -3.6 -3.4 
1987 4,676 4,752 -76 -1.6 -1.6 
1988 5,470 5,262 208 3.8 4.0 
1989 4,581 4,534 47 1.0 1.0 
1990 4,004 4,063 -59 -1.5 -1.5 
1991 4,030 4,067 -37 -0.9 -0.9 
1992 4,257 4,213 44 1.0 1.0 
1993 3,737 3,625 112 3.0 3.1 
1994 4,090 4,045 45 1.1 1.1 
1995 4,261 4,141 120 2.8 2.9 
1996 4,574 4,551 23 0.5 0.5 
1997 4,358 4,301 57 1.3 1.3 
1998 4,449 4,302 147 3.3 3.4 
1999 4,227 4,035 192 4.5 4.8 
2000 4,313 4,538 -225 -5.2 -5.0 
2001 4,589 4,586 3 0.1 0.1 
2002 4,346 4,123 223 5.1 5.4 
2003 5,060 5,052 8 0.2 0.2 
2004 4,597 4,300 297 6.5 6.9 
2005 4,534 4,195 339 7.5 8.1 
2006 4,778 4,541 237 5.0 5.2 
2007 4,821 4,480 341 7.1 7.6 
2008 4,647 4,296 351 7.6 8.2 
2009 4,592 4,091 501 10.9 12.2 

1971 - 2009 Average 1.7 1.8 
1971 - 2003 Average 0.4 0.5 
2004 - 2009 Average 7.4 8.0 
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Table B-7  Historical Overall Unit Demand 

Year Annual Volume, mil gal District SA Population Overall Unit Demand, gpcd 
1970  81,971  
1971  81,957  
1972  81,943  
1973  81,929  
1974  81,915  
1975  81,901  
1976  81,887  
1977 3,031 81,873 101 
1978 3,131 81,859 105 
1979 3,099 81,845 104 
1980 3,645 81,831 122 
1981 3,420 82,281 114 
1982 3,940 82,731 130 
1983 3,605 83,181 119 
1984 3,748 83,631 123 
1985 3,803 84,081 124 
1986 3,862 84,530 125 
1987 4,752 84,980 153 
1988 5,262 85,430 169 
1989 4,534 85,880 145 
1990 4,063 86,330 129 
1991 4,067 86,214 129 
1992 4,213 86,098 134 
1993 3,625 85,983 116 
1994 4,045 85,867 129 
1995 4,141 85,751 132 
1996 4,551 85,635 146 
1997 4,301 85,519 138 
1998 4,302 85,404 138 
1999 4,035 85,288 130 
2000 4,538 85,172 146 
2001 4,586 85,282 147 
2002 4,123 85,392 132 
2003 5,052 85,502 162 
2004 4,300 85,611 138 
2005 4,195 85,721 134 
2006 4,540 85,831 145 
2007 4,481 86,070 143 
2008 4,296 86,310 136 
2009 4,091 86,549 130 
2010  86,788  

Maximum = 169 
Minimum = 101 
Average = 132 
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Table B-8  Historical Variation in Monthly Usage and Demand – Total System 

Month 
MAD:AA Ratio 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 

January 0.74 0.82 0.77 0.71 0.77 0.77 0.73 0.70 0.72 0.72 

February 0.74 0.83 0.82 0.72 0.77 0.77 0.74 0.72 0.71 0.71 

March 0.76 0.78 0.79 0.71 0.76 0.78 0.72 0.72 0.71 0.71 

April 0.86 0.76 0.81 0.82 0.89 0.85 0.79 0.80 0.73 0.78 

May 1.17 0.96 0.84 0.99 1.06 1.05 1.07 1.14 0.99 1.34 

June 1.11 1.14 1.18 1.23 1.21 1.17 1.52 1.61 1.32 1.44 

July 1.27 1.98 1.61 1.29 1.46 1.78 1.87 1.79 1.67 1.60 

August 1.34 1.66 1.38 1.81 1.37 1.39 1.25 1.29 1.66 1.24 

September 1.26 0.63 1.20 1.33 1.25 1.03 0.99 1.05 1.18 1.33 

October 1.10 0.76 0.93 0.95 0.92 0.85 0.81 0.75 0.85 0.75 

November 0.82 0.83 0.83 0.71 0.78 0.76 0.76 0.70 0.72 0.69 

December 0.82 0.81 0.82 0.70 0.77 0.79 0.72 0.70 0.72 0.69 
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Table B-9  Historical Overall Unit Water Demand 

Year Annual Average Unit Demand 
Residential Commercial Commercial Overall 

gal/person/day gal/person/day gal/emp/day gal/person/day 
1971     
1972     
1973     
1974     
1975     
1976     
1977 70 31 101 47 
1978 72 33 105 47 
1979 70 34 104 47 
1980 86 36 122 48 
1981 79 35 114 46 
1982 94 36 130 46 
1983 82 37 119 45 
1984 84 39 123 47 
1985 87 37 124 44 
1986 81 44 125 51 
1987 103 51 153 57 
1988 117 52 169 57 
1989 98 47 145 50 
1990 85 44 129 46 
1991 86 44 129 45 
1992 88 46 134 46 
1993 72 43 116 42 
1994 81 48 129 45 
1995 83 50 132 46 
1996 95 51 146 46 
1997 86 52 138 45 
1998 85 53 138 45 
1999 83 47 130 40 
2000 92 54 146 45 
2001 94 53 147 45 
2002 82 50 132 43 
2003 110 52 162 46 
2004 88 50 138 44 
2005 82 52 134 47 
2006 90 55 145 50 
2007 90 52 143 46 
2008 87 49 136 42 
2009 86 44 130 36 
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Table B-10  Future Customer Water Demand by Month – Dry Year 

Year 
Monthly Average Day (MAD) Demand, mgd 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Base Year 
(2007) 

8.8 8.8 9.0 10.2 14.5 18.9 22.7 17.4 13.2 9.8 8.9 8.8 

2010 9.0 9.0 9.3 10.5 14.9 19.4 23.3 17.8 13.6 10.1 9.2 9.0 

2015 9.6 9.6 9.9 11.1 15.8 20.6 24.7 18.9 14.4 10.7 9.8 9.6 

2020 9.9 9.9 10.2 11.5 16.3 21.2 25.5 19.5 14.9 11.1 10.1 9.9 

2025 10.2 10.2 10.5 11.8 16.8 21.8 26.2 20.1 15.3 11.4 10.4 10.2 

2030 10.3 10.3 10.6 11.9 16.9 22.1 26.5 20.3 15.5 11.5 10.5 10.3 
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Table B-11  Projected Usage Changes by Forecast Tracker Area Basis for Allocation to Distribution System Model 

Annual Average Demand Changes due to               
Forecast Tracker Development, gal/day 

Demand at Milestone Year, mgd 

Year 
Total          

Service Area 
Normal Zone High Zone Year 

Total          
Service Area 

Normal Zone High Zone 

    2007 12.58 10.98 1.60 

2007 44,406 44,406 0     

2008 84,434 84,434 0     

2009 11,767 11,767 0     

2010 137,109 137,109 0     

    2010 12.81 11.21 1.60 

2011 375,747 375,747 0     

2012 45,705 45,705 0     

2013 11,080 11,080 0     

2014 258,502 253,182 0     

2015 421,363 421,363 0     

2016 0 0 0     

2017 0 0 0     

2018 51,790 51,790 0     

2019 102,586 91,757 0     

2020 0 0 0     

    2020 14.08 12.46 1.62 

2021 80,066 80,066 0     

2022 18,966 18,966 0     

2023 0 0 0     

2024 70,027 65,235 0     

2025 447,841 447,841 0     

2026 0 0 0     

2027 26,382 26,382 0     

2028 0 0 0     

2029 79,757 79,757 0     

2030 0 0 0     

    2030 14.80 13.18 1.62 
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Figure B-1.1a  Historical Diurnal Curves – Total System – WeekDay – Dry  

 

Figure B-1.1b  Historical Diurnal Curves – Total System – WeekEnd – Dry 
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Figure B-1.1c  Historical Diurnal Curves – Total System – WeekDay – Normal  

 
Figure B-1.1d  Historical Diurnal Curves – Total System – WeekEnd – Normal  
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Figure B-1.2a  Historical Diurnal Curves – Normal Zone – WeekDay – Dry 

 

 
Figure B-1.2b  Historical Diurnal Curves – Normal Zone – WeekEnd - Dry  
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Figure B-1.2c  Historical Diurnal Curves – Normal Zone – WeekDay – Normal 

 

 

Figure B-1.2d  Historical Diurnal Curves – Normal Zone – WeekEnd – Normal  
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Figure B-1.3a  Historical Diurnal Curves – High Zone – WeekDay – Dry  

 

 

Figure B-1.3b  Historical Diurnal Curves – High Zone – WeekEnd – Dry  
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Figure B-1.3c  Historical Diurnal Curves – High Zone – WeekDay – Normal  

 

 

Figure B-1.3d  Historical Diurnal Curves – High Zone – WeekEnd – Normal 
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Figure B-2  Future Monthly Average Day Demand Patterns – Service Zones  

 

 

Figure B-3  Future Monthly Maximum Day Demand Patterns – Service Levels  
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Figure B-4.1a  Design Diurnal Curves – Total System – WeekDay – Dry  

 

 

Figure B-4.1b  Design Diurnal Curves – Total System – WeekEnd – Dry  
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Figure B-4.1c  Design Diurnal Curves – Total System – WeekEnd – Normal  
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Figure B-4.2a  Design Diurnal Curves – Normal Zone – WeekDay – Dry  

 

 

Figure B-4.2b  Design Diurnal Curves – Normal Zone – WeekEnd – Dry  
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Figure B-4.2c  Design Diurnal Curves – Normal Zone – WeekEnd – Normal  
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Figure B-4.3a  Design Diurnal Curves – High Zone – WeekDay – Dry  

 

 

Figure B-4.3b  Design Diurnal Curves – High Zone – WeekEnd – Dry  
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Figure B-4.3c  Design Diurnal Curves – High Zone – WeekEnd – Normal  
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Figure B-5  Future Monthly Average Day Usage – Total System – Dry Period – LT Average – Wet Period 
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Figure B-6  Future Monthly Maximum Day Usage – Total System – Dry Period – LT Average – Wet Period 
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Additional Information   
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The following summarizes current and pending future regulations that apply to utilities utilizing ground water 
sources determined not to be subject to direct surface water influence.  Therefore, regulations that pertain to 
utilities using surface water supplies, i.e, the Surface Water Treatment Rule, the Interim Enhanced Surface Water 
Treatment Rule, and the Long-Term 2 Enhanced Surface Water Treatment Rule, are not discussed herein. 

I. THE REGULATORY PROCESS / HISTORICAL OVERVIEW 
Drinking water quality in the United States is governed by legislation enacted by the federal and state governments.  
Statutes, more commonly known as laws, direct the appropriate government agency to develop and publish 
regulations or rules to implement the requirements of the law.  Standards specify the amount or concentration of a 
particular constituent that is legally allowed in drinking water.  At the federal level, the United States 
Environmental Protection Agency (USEPA) is primarily responsible for developing and enforcing drinking water 
regulations, whereas state health departments typically regulate drinking water quality at the state level.  Any 
drinking water regulations promulgated by a state are required to include standards that are at least as stringent as 
those imposed by comparable federal regulations; however, states may implement regulations in addition to those 
mandated by federal statutes, or standards that are more restrictive than the federal ones.  Federal regulations 
specify requirements and the process by which states may assume major responsibility, or primacy, for 
implementing and enforcing drinking water regulations.  Although state drinking water regulations generally 
follow the provisions of federal regulations, there are some differences among the states; therefore, this document 
focuses on federal regulations. 

Drinking water regulations and the standards they contain are designed to protect human health.  Prior to 1974 
there was no consistent set of drinking water regulations that were enforceable throughout the United States.  
Federal involvement in regulation of drinking water quality began with the passage of the Interstate Quarantine Act 
by the U.S. Congress in 1893, which authorized the United States Public Health Service (USPHS) to establish 
regulations designed to minimize the spread of communicable diseases both from the outside and within the U.S.  
In 1914, the USPHS developed standards for bacterial plate counts and Bacillus coli in drinking water supplied to 
the public by any common carrier engaged in interstate commerce or transport, and continued to develop additional 
limits on the mineral, metal, synthetic organic chemical (SOC), and ultimately radionuclide content of drinking 
water, with revised standards issued in 1925, 1942, 1946, and 1962.  The two-tiered approach to drinking water 
standards encompassing legally enforceable health-related and aesthetically-recommended limits for individual 
constituents dates to the USPHS standards of 1925 that introduced recommended limits.  Although the USPHS 
standards applied only to drinking water supplied to the public during interstate commerce, over time they were 
informally recognized as a source of water quality criteria, and formed the basis of standards used by many state 
and local agencies engaged in regulating public water supplies. 

In 1969 the USPHS conducted the Community Water Supply Survey (CWSS) to determine if public drinking 
water supplies were meeting the USPHS standards and to what extent routine drinking water monitoring was being 
practiced.  The survey revealed that compliance with the USPHS standards was minimal, and that drinking water 
quality surveillance programs were generally ineffective and often completely absent.  Other reviews of public 
drinking water suppliers’ treatment practices suggested that operation and maintenance were frequently inadequate, 
and that the level of personnel training was often insufficient to protect public health.  These circumstances, in 
addition to recognition of other important emerging environmental conditions, provided the impetus for the 
establishment of the United States Environmental Protection Agency (USEPA) in late 1970. 
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1. Safe Drinking Water Act of 1974 
The Safe Drinking Water Act (SDWA – Public Law 93-523) was enacted in December 1974 in response to 
Congressional concern over organic chemical contamination of drinking water and uneven and often ineffective 
state supervision of public drinking water supplies.  The SDWA outlined a series of procedures and timetables that 
USEPA was required to follow in developing drinking water quality regulations in two phases.  National Interim 
Primary Drinking Water Regulations (NIPDWR) which were to be set immediately, were based primarily on 
USPHS 1962 guidelines, and specified enforceable health-related maximum contaminant levels (MCLs) for ten 
inorganic contaminants, six organic chemicals, two radioactivity categories, turbidity, and coliforms.  Following a 
comprehensive assessment by the National Academy of Sciences of the occurrence of contaminants in drinking 
water and their potential health effects, revised National Primary Drinking Water Regulations (NPDWR) were 
established.  The revised NPDWR also required that nonenforceable health-related standards, termed maximum 
contaminant level goals (MCLGs), be set at levels at which, in the Administrator’s judgment, there are no known 
or anticipated adverse effects and that allow an adequate margin of safety.  The SDWA also mandated that USEPA 
develop National Secondary Drinking Water Regulations (NSDWR) that set nonenforceable federal guidelines, or 
secondary maximum contaminant levels (SMCLs), for contaminants that, if present in excessive amounts, may 
affect the water’s palatability and aesthetic quality.  SMCLs for 13 contaminants were initially set in 1979.  (The 
SMCL for fluoride was revised in 1986, and new SMCLs for aluminum and silver were added in 1991.  While the 
fluoride SMCL is not a federally enforceable standard, individual state primacy agencies are free to make the 
SMCL mandatory for public water supplies.  However, EPA requires water systems which exceed the SMCL to 
notify their consumers.)  Other key provisions of the SDWA relate to the definition of public water supply, 
primacy, obtaining variances and exemptions, public notification, compliance monitoring, recordkeeping and 
reporting, and enforcement.    

2. 1986 Amendments to the Safe Drinking Water Act 
Comprehensive amendments made to the SDWA when it was reauthorized by Congress in June 1986 (Public Law 
99-339) have affected the operation of virtually every public water system in the United States.  These changes 
were driven by public and congressional concern over the prolonged process of establishing the revised NPDWR, 
and the slow pace of setting standards for additional contaminants.  The 1986 Amendments finalized the 23 MCLs 
set by the original NIPDWR and subsequent minor amendments, and designated these standards as the NPDWR.  
Furthermore, the 1986 Amendments required USEPA to set standards for 83 specified contaminants within 3 
years, and an additional 25 contaminants from a prescribed list known as the Drinking Water Priorities List, every 
3 years thereafter.  These amendments also required USEPA to develop criteria for filtration of surface water 
supplies and to establish regulations that require all public water systems to practice disinfection.  Other significant 
provisions of these amendments banned the use of lead service pipe and lead-bearing solder in drinking water 
systems, and required public education about the sources and health effects of lead in drinking water and steps to 
reduce exposure.  The Amendments empowered USEPA to set enforceable standards for contaminants in drinking 
water based on the degree of removal that could be achieved using the best available technology (BAT).  USEPA 
was also granted enforcement powers through the use of administrative orders to supplement its efforts to correct 
deficiencies in public water supplies through the legal system. 

3. 1996 Amendments to the Safe Drinking Water Act 
The Safe Drinking Water Act was further amended in 1996 (Public Law 104-182), primarily to increase public 
awareness and participation in the drinking water regulatory process.  These amendments require USEPA to 
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publish related material and seek public comment on the health risk reduction provided by a proposed regulation 
and to conduct a cost analysis associated with implementing the proposed new standard or treatment technique.  
Analyses performed in support of the regulatory process must now consider the effects of contaminants on 
sensitive subpopulations, including infants, children, pregnant women, the elderly, and individuals with a history of 
serious or chronic illness.  Because the requirement to set NPDWR standards for 25 new contaminants every 3 
years mandated by the 1986 SDWA Amendments proved impractical, the 1996 Amendments replaced this 
provision with the requirement to select and evaluate 5 contaminants from a published contaminant candidate list 
(CCL) for possible regulation within 5 years, and every 5 years thereafter.  The 1996 SDWA Amendments also 
extended the compliance deadline following final promulgation of new regulations from 18 months to 36 months, 
with an additional 2 year extension if substantial capital improvements are required.  Other provisions of these 
amendments include schedules for implementation of a revised standard for arsenic and a new standard for radon, 
source water assessment and protection and operator certification programs, establishment of a State Drinking 
Water Revolving Fund to support infrastructure improvements, and a requirement for utilities to distribute annual 
Consumer Confidence reports to their customers.    

II. CURRENT REGULATIONS 

1. Lead and Copper Rule 
The Lead and Copper Rule, promulgated in May 1991, establishes “Action Levels” for lead and copper.  Based on 
first-draw samples collected at taps within the distribution system, lead and copper concentrations must be less than 
0.015 mg/L and 1.3 mg/L, respectively, in ninety percent of the samples.  Selected sampling sites must be single-
family residences which contain copper pipes with lead solder installed after 1982, which contain lead pipes, or 
which are served by a lead service line.  Following implementation of state-specified “optimal” treatment to 
minimize lead and copper concentrations at consumer taps, annual follow-up monitoring is required.  If the results 
of follow-up monitoring indicate that the system is consistently in compliance with the lead and copper Action 
Levels, the state may elect to reduce the annual monitoring requirements.  Should follow-up monitoring indicate 
noncompliance, the utility is required to initiate a public education program, collect additional water quality 
samples, and possibly begin a program of replacing lead service lines. 

In response to widespread concern regarding the discovery of high lead levels at many consumer taps within the 
District of Columbia, EPA initiated a comprehensive review of the implementation of the 1991 Lead and Copper 
Rule during early 2004.  Based on this review, USEPA targeted seven rule changes intended to strengthen 
implementation of the LCR in the areas of monitoring, customer awareness and replacement of lead service lines.  
These revisions apply only to lead and do not amend the portion of the existing regulation pertaining to copper.  
Provisions applicable to copper will be considered in future revisions to the rule and will be proposed, if necessary, 
under a separate regulatory action.  The revisions do not affect existing action levels, corrosion control 
requirements, replacement of lead service lines or other provisions in the existing LCR that directly determine the 
degree to which the rule reduces risks from lead and copper.   

The revisions, as outlined in the October 10th 2007 final rule, include the following seven major components: 

▪ Public water systems must notify their State primacy agency in advance and must obtain its approval before 
implementing any long-term changes in treatment or introduction of a new source of supply that could result in 
increased corrosion of lead.  These changes would include a new treatment process or modification of an 
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existing process, such as a change in secondary disinfectant, switching coagulants or corrosion inhibitors 
and/or changes in finished water pH or the concentration of corrosion inhibitor residuals. 

▪ Utilities must provide written notification of the results of tap water monitoring for lead to consumers served 
from the sites (taps) that are tested.     

▪ The requirements pertaining to the number of samples to be collected annually and the number of sampling 
sites used are clarified.  In addition, the requirements state that all samples must be collected within the same 
calendar year.   

▪ A new reduced monitoring requirement is added that prevents systems with water exceeding the action level 
for lead from remaining on reduced monitoring status. 

▪ The process of compliance determination for systems required to collect fewer than five samples annually has 
been revised. 

▪ Systems will be required to reevaluate their lead service lines classified as “replaced through testing” if they 
resume a lead service line replacement program.  (The current regulation allows utilities to consider lead 
service lines that test below the action level as “replaced” for the purposes of compliance.) 

▪ Changes in public education requirements are outlined, including how educational materials must be delivered 
to consumers and the timeframe for delivery.  Utilities must also include educational statements about lead in 
drinking water in their annual Consumer Confidence Report.  The primary purpose of these changes is to 
provide consumers with additional information to help them make decisions about how to limit their exposure 
to lead in drinking water.     

The compliance date for all provisions of the LCR revisions is 180 days after publication (April 7th, 2008) except 
if by that date the State primacy agency has not adopted the revisions, in which case compliance is required by the 
earlier of either (1) the date of the State’s adoption of the revisions, or (2) by the date of publication plus 2 years 
plus 60 days (December 10th, 2009). 

2. Phase II, Phase V SOC / IOC Regulations 
The Phase II regulation for synthetic organic chemicals (SOCs) and inorganic chemicals (IOCs) lists MCLs and 
Maximum Contaminant Level Goals (MCLGs) for 30 SOCs and 9 IOCs.  Establishment of limits for three Phase 
II SOCs (aldicarb, aldicarb sulfone, and aldicarb sulfoxide) has been delayed.  The Phase V regulation lists MCLs 
and MCLGs for an additional 23 contaminants (18 SOCs and 5 IOCs).  The MCL and MCLG for nickel included 
in the Phase V regulation were remanded by the US District Court in February 1995; therefore, while utilities must 
continue to monitor for nickel in their treated water supplies, there currently is no EPA legal limit on the amount of 
nickel in drinking water supplies.  Contaminants regulated under the Phase II and Phase V regulations are primarily 
volatile organic compounds and pesticides/herbicides. 

3. Total Coliform Rule   
In June 1989, EPA promulgated revisions to the current regulation governing total coliform levels in water 
distribution systems.  The revised rule expands current coliform monitoring requirements and specifies new MCLs.  
Compliance with the monthly MCL under the Coliform Rule is determined based on the presence or absence of 
coliform organisms.  The Coliform Rule allows for up to 5 percent of the monthly water quality samples collected 



 APPENDIX C 
 City of Bloomington Water Treatment Regulatory Requirements  

Black & Veatch January 2011 Page  C-5 

within the distribution system to test positive for coliforms.  Fecal or Escherichia coliforms are to be monitored for 
each sample where the presence of total coliforms is indicated.  Public notification by electronic media (TV or 
radio) is required within 72 hours if a positive result indicates the presence of either fecal or Escherichia coliforms. 

EPA subsequently modified the Total Coliform Rule to allow states to use a variance procedure for utilities that 
encounter nonfecal biofilm problems in their distribution systems.  Some coliform species which are not classified 
as fecal produce positive analytical results in total coliform and fecal coliform tests.  Under the revised rule, states 
are allowed to disregard any coliform-positive analytical results that are speciated and not found to be of fecal 
origin. 

4. Stage 1 Disinfection Byproducts Rule 
Stage 1 of the Disinfection Byproducts Rule (DBPR) was finalized in late November 1998, and became effective 
in January 2004 for systems treating groundwater not under direct surface water influence.  The primary objective 
of this rule is to protect human health by reducing the concentrations of disinfection byproducts (DBPs) in drinking 
water.  Major provisions of the Stage 1 DBPR are as follows: 

▪ The MCL for total trihalomethanes has been reduced to 0.080 mg/L. 

▪ New MCLs have been established for total haloacetic acids, bromate (a byproduct of disinfection using ozone), 
and chlorite ion (a byproduct of disinfection using chlorine dioxide). 

▪ MCL goals (MCLGs) have been established for 8 disinfection byproducts. 

▪ Maximum Residual Disinfectant Levels (MRDLs) and MRDL Goals (MRDLGs) have been established for 
free chlorine, chloramine, and chlorine dioxide. 

▪ A treatment technique has been established which requires that surface water systems (or groundwater systems 
under direct surface water influence) operate in either an enhanced coagulation or an enhanced softening mode 
to achieve specified removals of total organic carbon (TOC). 

As stated above, under the Stage 1 DBPR, the MCL for total trihalomethanes has been reduced to 0.080 mg/L.  In 
addition, a new MCL of 0.060 mg/L has been established for total haloacetic acids (referred to as HAA5, as five of 
the nine known haloacetic acid compounds are regulated under the Stage 1 rule).  Compliance with these MCLs is 
assessed based on the “running annual average” (RAA) of quarterly monitoring data.  New MCLs for bromate and 
chlorite ion of 0.010 mg/L and 1.0 mg/L, respectively, have also been established.  For systems that use ozone, 
compliance with the bromate MCL is assessed based on the RAA of monthly monitoring data at the plant 
discharge.  Systems using chlorine dioxide must monitor chlorite at the plant discharge daily, and must collect 
additional chlorite samples within the distribution system should levels at the plant discharge exceed the 1.0 mg/L 
MCL at any time. 

Under the Stage 1 DBPR, the maximum allowable disinfectant residual in the water leaving the treatment facility, 
based on a running annual average of monthly monitoring data, is 4.0 mg/L for free chlorine and chloramines, and 
0.8 mg/L for chlorine dioxide.  (Higher residuals are permissible on a short-term basis if necessary to address 
specific water quality problems, providing that running annual average concentrations do not exceed the MRDLs.)  

The primary goal of the Stage 1 DBPR is to reduce the levels of organic/humic compounds (collectively referred to 
as DBP precursors) which react with chlorine-based disinfectants to form DBPs.  This is to be accomplished 
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through operation of treatment facilities in an “enhanced coagulation” or “enhanced softening” mode, which will 
typically involve increasing coagulant dosages and/or adjustment of operating pH to optimize the removal of 
precursor compounds.  Precursor removal is to be quantified by measuring the removal of TOC across the 
treatment process.  In general, for systems with average source water TOC concentrations exceeding   2.0 mg/L, 
enhanced coagulation/enhanced softening treatment will be required.  Minimum TOC removal levels are 
summarized in Table 1.  TOC removals must be determined monthly, and compliance is assessed quarterly based 
on a running annual average of monthly TOC removals. 

Table 1 Step 1 TOC Removal Requirements for Enhanced Coagulation / Enhanced Softening 

Source Water 
TOC, mg/L 

Percent TOC Removal Required at Indicated Source Water Alkalinity 

0 – 60 mg/L >60 – 120 mg/L >120 mg/L* 

>2.0 – 4.0 35% 25% 15% 

>4.0 – 8.0 45% 35% 25% 

>8.0 50% 40% 30% 

*Systems practicing softening must meet the TOC removals shown in this column. 

 
The Stage 1 DBPR also provides alternative compliance criteria that are independent of the criteria discussed 
above.  Systems can be exempted from the enhanced coagulation/enhanced softening requirements if any of the 
following conditions are met: 

▪ The system’s source water TOC is less than 2.0 mg/L (calculated quarterly as a running annual average of 
monthly monitoring data). 

▪ The system’s treated water TOC is less than 2.0 mg/L (calculated quarterly as a running annual average of 
monthly monitoring data). 

▪ The system’s source water TOC is less than 4.0 mg/L, the source water alkalinity is greater than 60 mg/L (as 
CaCO3), and the system is achieving TTHM concentrations less than 0.040 mg/L and HAA5 concentrations 
less than 0.030 mg/L. 

▪ The system’s running annual average TTHM concentration is less than 0.040 mg/L, and annual average HAA5 
concentration is less than 0.030 mg/L, when only free chlorine is used for disinfection and maintenance of a 
residual in the distribution system.  (Systems using chloramines would not comply with these conditions.) 

▪ The system’s source water specific UV absorbance (SUVA, defined as the ratio of the water’s ultraviolet 
absorbance at 254 nm (UV254) to its dissolved organic carbon (DOC) concentration) prior to any treatment is 
less than or equal to 2.0 L/mg-m, calculated quarterly as a running annual average of monthly monitoring data. 

▪ The system’s finished water SUVA is less than or equal to 2.0 L/mg-m, calculated quarterly as a running 
annual average of monthly monitoring data.  (This measurement must be made prior to the addition of a 
chemical oxidant, which is likely to be problematic for most utilities). 
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Systems that elect to utilize one of these alternative criteria must still conduct monthly monitoring of source water 
TOC and alkalinity concentrations, and treated water TOC concentrations.  Systems practicing lime softening may 
demonstrate compliance if they meet any of the six alternative compliance criteria listed above, or one of the 
following criteria: 

▪ Softening that results in a reduction in the alkalinity of the treated water to less than 60 mg/L (as CaCO3), 
measured monthly and calculated quarterly as a running annual average. 

▪ Softening that results in removal of at least 10 mg/L of magnesium hardness (as CaCO3), measured monthly 
and calculated quarterly as a running annual average. 

If a system determines that it cannot achieve the TOC removals listed in Table 1 on a running annual average basis, 
and if it does not meet any of the alternative compliance criteria listed above, it will be required to perform bench-
scale or pilot-scale testing to set an alternative TOC removal requirement.  (This is referred to as Step 2 testing.)  
Results of this testing must be reported to the State within three months of failing to achieve the TOC removal 
percentages listed in Table 1. 

Under the Stage 1 DBPR, utilities serving more than 10,000 consumers must collect four DBP samples per quarter 
per treatment plant, and at least 25 percent of these samples must be collected at locations which reflect maximum 
system residence time.  The Stage 1 rule also includes provisions for reduced monitoring if the following 
conditions are met: 

▪ Source water TOC concentration (prior to any treatment) is less than or equal to 4.0 mg/L (based on a running 
annual average of monthly TOC data). 

▪ The system’s annual average concentrations of TTHM and HAA5 are less than or equal to 0.040 mg/L and 
0.030 mg/L, respectively. 

Systems that meet these requirements will be required to collect only one TTHM/HAA5 sample per quarter per 
plant at a distribution system location considered to reflect maximum residence time.  Systems on a reduced 
monitoring schedule may remain on that schedule as long as running annual average TTHM and HAA5 
concentrations remain at 0.060 mg/L and 0.045 mg/L, respectively, and the annual average source water TOC 
concentration remains at 4.0 mg/L or less. 

5. Consumer Confidence Reports Rule   
As directed by the 1996 SDWA Amendments, all Public Water Systems serving more than 500 consumers are 
required to prepare annual reports (beginning not later than October 1999) to inform their users of the quality of the 
distributed water.  The reports must contain a specific list of material such as information on the source water, an 
explanation of terms such as MCLs and MCLGs, data on the levels of currently-regulated contaminants in the 
treated water, and information regarding potential health effects of the contaminants. 

6. Arsenic 
EPA proposed revisions to the current drinking water standard for arsenic in May 2000, and promulgated a new 
MCL of 0.01 mg/L in January 2001.  The new MCL became effective on  January 22, 2006. 

7. Radionuclides 
A proposed rule for several radionuclides (radon, radium, alpha, beta, and photon emitters, and radium) was 
released in 1991, but was not finalized until December 2000 (radon was not included in the December 2000 final 
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rule).  This rule established a new MCL for uranium of 30 ug/L; however, EPA elected to retain the MCLs for 
radium and alpha, beta, and photon emitters established under the original SDWA in 1976 with no modifications.  
(The new regulation does include separate monitoring requirements for radium-228 under the combined MCL for 
radium-226 and radium-228.) 

During April 2010, EPA announced its intention to review the current Radionuclides Rule to consider the 
following: 

▪ The continued need for the rule; 

▪ The nature of complaints or comments received concerning the rule; 

▪ The complexity of the rule; 

▪ The extent to which the rule overlaps, duplicates, or conflicts with other Federal, State, or local government 
rules, and; 

▪ The degree to which technology, economic conditions and/or other factors may have changed in the areas 
affected by the rule. 

The public comment period for this review closed during July 2010, and the Agency’s review is to be completed 
during December 2010. 

8. Treatment Chemical Additives 
Some chemicals used to treat the raw water may introduce potential contaminants.  Treatment techniques for two 
of these contaminants (acrylamide and epichlorohydrin) have been established.  When polymers containing 
acrylamide and/or epichlorohydrin, which are sometimes used to remove particulate contaminants from water 
supplies, are used in the treatment process, the utility must certify in writing to the state primacy agency (using 
third-party or manufacturer’s certification) that the combination (or product) of dosage and monomer level does 
not exceed the following: 

Acrylamide:  0.05% dosed at 1 mg/L (or equivalent). 

 Epichlorohydrin:  0.01% dosed at 20 mg/L (or equivalent). 

9. Stage 2 Disinfection Byproducts Rule 
As part of the 1996 Amendments to the SDWA, Congress established deadlines for promulgation of new 
regulations governing disinfection byproducts.  It is emphasized that the monitoring and compliance requirements 
of the Stage 2 DBPR are complex, and to a large extent system-specific.  This document is intended only to 
provide an abbreviated overview of these requirements; systems should review the actual rules and their associated 
guidance documents carefully to ensure that they fully understand all of the requirements.  

The Stage 2 DBPR requirements apply to all community water systems and non-transient non-community water 
systems that add a disinfectant (other than UV) or deliver water that has been disinfected by a primary or residual 
disinfectant other than UV.  This rule utilizes a risk-targeted approach to better identify locations where consumers 
may be exposed to high levels of disinfection byproducts.  Under the Stage 2 DBPR, MCLs for total 
trihalomethanes and haloacetic acids will remain at the levels established under the Stage 1 rule, i.e., 0.080 mg/L 
and 0.060 mg/L, respectively.  However, monitoring procedures and schedules have been modified to ensure that 
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the data obtained more closely represent actual long-term exposure conditions.  Key provisions of the Stage 2 
DBPR are summarized below.   

a. Initial Distribution System Evaluation.  Initial compliance efforts will focus on identifying points within the 
system where DBP concentrations are typically highest, and for most systems will involve one year of monitoring 
of TTHM and HAA5 concentrations at additional locations within the distribution system.  This monitoring, 
referred to as the Initial Distribution System Evaluation (IDSE) process, must be conducted in addition to the 
routine quarterly compliance monitoring required under the Stage 1 DBPR.  Schedules for submittal and for 
approval of proposed ISDE monitoring plans, actual system monitoring, and submittal of the report on monitoring 
results are dependent upon the number of consumers served, type of system, and type of source water.  Systems 
can elect to conduct the IDSE monitoring at the specified number of sites under a “Standard Monitoring Program” 
(SMP) format, or alternately, to  conduct a “Site Specific Study” (SSS) using existing distribution system hydraulic 
models and/or extensive system monitoring data that will produce results “equivalent or better” than those that 
would be produced by the SMP.  The rule includes provisions for exemption from IDSE monitoring requirements, 
based on low historical system DBP concentrations, and small systems (< 500 consumers) may not be required to 
conduct an IDSE.  Following completion of the IDSE, systems will recommend new routine compliance 
monitoring sites to their State/Primacy Agency based on their ISDE study results.   

1.  IDSE Compliance Options.  Four options are available for systems to meet the IDSE provisions of the Stage 2 
DBPR: 

▪ Collection of new system DBP data (Standard Monitoring Plan, or SMP). 

▪ Use of qualifying existing system DBP monitoring data or hydraulic modeling data (System Specific Study, or 
SSS). 

▪ Certification that recent existing DBP monitoring results are less than half of the TTHM and HAA5 MCLs 
(“40/30 Certification”). 

▪ Exemption from IDSE requirements for systems serving less than 500 consumers. 

Systems that select the Standard Monitoring Plan (SMP) option must conduct expanded DBP monitoring 
throughout their distribution system for one year, on a schedule determined by the number of consumers served.  
At least one monitoring period must occur during the peak historical month for DBP concentrations within the 
system, or alternately, during the month that normally has the highest water temperature.  Before initiating 
monitoring under the SMP, systems must prepare a study plan and submit it to the primacy agency for approval.  
Required monitoring frequencies and locations for the SMP are summarized in Table 2. 

Table 2 IDSE Monitoring Requirements (Standard Monitoring Program) 

Source 
Water 

Population 
Served 

Number of 
Monitoring 
Periods & 
Frequency 

Distribution System Monitoring Locations1 

Total Near 
Entry 
Points 

Average 
Residence 

Time 

High 
TTHM 

Locations 

High 
HAA5 

Locations 

Ground 
Water 

<5002 One (during peak 
month)3 

2 1  1  

<500 2   1 1 

500-9,999 Four (every 90 2   1 1 
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Source 
Water 

Population 
Served 

Number of 
Monitoring 
Periods & 
Frequency 

Distribution System Monitoring Locations1 

Total Near 
Entry 
Points 

Average 
Residence 

Time 

High 
TTHM 

Locations 

High 
HAA5 

Locations 

10,000-99,999 days) 6 1 1 2 2 

100,000-499,999 8 1 1 3 3 

≥500,000 12 2 2 4 4 

1A dual sample (TTHM+HAA5) must be taken at each monitoring location during each monitoring period. 
2Consecutive systems only. 
3Peak historical month is the month with highest TTHM or HAA5 levels or highest water temperature. 

 
Under the System Specific Study (SSS) approach, systems may elect to perform a study using existing DBP 
monitoring results or distribution system hydraulic models instead of standard monitoring.  The two options for the 
SSS are (1) use of historical and/or new system TTHM and HAA5 monitoring data that encompass a wide range of 
sampling sites representative of the entire distribution system, including those judged to represent high TTHM and 
HAA5 formation locations, and (2) use of extended-period simulation hydraulic models that simulate water age 
within the distribution system, in conjunction with one round of TTHM and HAA5 monitoring.  Before initiating 
an SSS, systems must prepare a study plan and submit it to the primacy agency for approval.  Table 3 summarizes 
the number of required sampling locations and monitoring frequency when using existing DBP monitoring data in 
an SSS.  To qualify for inclusion in an SSS, existing data must have been collected within 5 years of the study plan 
submission date and must include samples from each location during the month of peak TTHM and HAA5 
formation or during the month of highest water temperature for every 12 months of data.  Furthermore, data 
collected for an SSS are in addition to routine compliance monitoring data under the Stage 1 DBPR, and the 
distribution system and treatment provided must not have changed significantly since the samples were collected.    

Extended-period simulation hydraulic models must meet an extensive set of requirements to qualify for use in 
IDSE SSSs.  They must simulate 24 hour demand variation and show a consistently repeating 24 hour pattern of 
residence time.  At a minimum, they must represent 75 percent of distribution system pipe volume, 50 percent of 
pipe length, all 12-inch or larger pipes, many 6-inch and 8-inch pipes, all storage facilities with their standard 
operations represented, all active pumping stations with their controls represented, and all control valves.  The 
models must be calibrated for the current distribution system configuration during the period of high TTHM 
formation potential within 12 months of study plan submission, and at least one round of TTHM and HAA5 
monitoring at a number of locations equal to or greater than required for a SMP must be performed during the 
month of peak historical TTHM concentrations. 

Table 3 Monitoring Requirements (System Specific Study Option1) 

Source 
Water 

Population 
Served 

Number of 
Monitoring Locations 

Number of Samples Required Monitoring 
Periods TTHM HAA5 

Ground 
Water 

< 500 3 3 3 1 
500-9,999 3 9 9 3 

10,000-99,999 12 48 48 6 
100,000-499,999 18 72 72 6 

≥ 500,000 24 96 96 4 
1Using DBP data obtained within 5 years of study plan submission date. 
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Systems that have consistently low DBP levels may apply for 40/30 Certification and exemption from the IDSE 
monitoring provisions of the Stage 2 DBPR.  These systems must certify to the primacy agency that every 
individual compliance sample collected during a specified period of routine Stage 1 DBPR monitoring had TTHM 
and HAA5 concentrations equal to or less than  0.040 mg/L and 0.030 mg/L, respectively, during eight consecutive 
calendar quarters beginning not earlier than the dates listed in Table 4.  During this same period, the system must 
have had no monitoring violations.  The primacy agency may also require that systems submit Stage 1 DBPR 
compliance monitoring results, distribution system schematics, and/or recommended Stage 2 DBPR monitoring 
sites along with the required monitoring results for eight consecutive quarters. 

Table 4 Initial Monitoring Dates for 40/30 Certification Data 

If 40/30 Certification is Due: Eligibility is Based on Eight Consecutive Calendar Quarters of Stage 1 
DBPR Monitoring Results Beginning No Earlier Than: 

October 1, 2006 January 2004 

April 1, 2007 January 2004 

October 1, 2007 January 2005 

April 1, 2008 January 2005 

 
Systems that do not have monitoring results for eight consecutive quarters showing that all samples meet the DBP 
requirements “in hand” by their IDSE plan submittal deadline may utilize the 12-month IDSE plan 
review/approval period to continue to collect samples to be used to support a request for 40/30 certification.  The 
system must submit its request for this certification, designated a “provisional 40/30 certification request”, along 
with a Standard Monitoring Plan through USEPA’s Information Processing Management Center (IPMC) prior to 
the deadline for submittal of their ISDE plan, and must then notify the IPMC when it has generated the required 
eight consecutive quarters of DBP monitoring data meeting the 40/30 criteria.  If the eight consecutive quarters of 
40/30 DBP data are not developed prior to the expiration of the 12-month IDSE review/approval period, the system 
would be required to complete the Standard Monitoring Program.   

Systems serving fewer than 500 consumers are covered by the “very small systems” provisions of the Stage 2 
DBPR, and are not required to complete an IDSE if they have collected TTHM and HAA5 compliance data under 
the Stage 1 DBPR.  However, primacy agencies can require a very small system to complete an IDSE if the system 
has a complex or extensive distribution system that the primacy agency believes should be studied further.  

2.  IDSE Reporting Requirements.  Following completion of one year of expanded system monitoring, a summary 
report must be produced and submitted to the primacy agency.  The report must include the following information: 

▪ The original SMP plan and an explanation of any deviations from the plan. 

▪ All analytical results, in addition to compliance monitoring results from Stage 1 DBPR monitoring locations 
collected during the one-year IDSE process. 

▪ A schematic of the distribution system that indicates the location, sampling date, and results of all IDSE and 
Stage 1 DBPR monitoring. 

▪ Information and data used to select the IDSE sampling sites. 
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▪ A list of the Stage 2 DBPR sampling locations selected for compliance monitoring, along with the rationale for 
their selection. 

▪ A sampling schedule for collection of routine compliance monitoring samples. 

3.  Consecutive System Considerations.  For the IDSE process, consecutive systems (systems that receive some or 
all of their finished water from one or more wholesale systems, either through a direct connection or through the 
distribution system of one or more consecutive systems) must also comply with the sampling plan submittal, 
system monitoring, and IDSE report submittal schedules of the system with the earliest compliance date in the 
combined distribution system.  (The combined distribution system is the interconnected distribution system 
consisting of the distribution systems of wholesale systems and the consecutive systems that receive finished 
water.) 

b. Routine DBP Compliance Monitoring Requirements.  Following completion of the IDSE process, new 
monitoring sites must be selected.  The number of routine quarterly DBP compliance monitoring samples that must 
be collected under the Stage 2 DBPR depends on the total number of consumers served, type of system, and source 
water, as summarized in     Table 5.  At least one quarterly monitoring period must reflect periods of “peak 
historical” DBP formation.  MCL compliance will be assessed on a “Locational Running Annual Average” 
(LRAA) basis, i.e., a running annual average must be calculated at each monitoring location.  Should an MCL be 
exceeded at one or more system monitoring points (based on annual running average DBP concentrations), the 
system would be considered to be in violation of the Stage 2 regulation, regardless of the results obtained at the 
remaining monitoring sites.  This represents a major change from the current Stage 1 DBP regulation, as the 
“system averaging” concept would be eliminated under the Stage 2 regulation 

Table 5 Routine System DBP Compliance Monitoring Requirements Under Stage 2 DBPR 

Source 
Water Type 

Population 
Served 

Monitoring 
Frequency1 

Distribution System Monitoring Location 

Total per 
Monitoring 

Period2 

Highest 
TTHM 

Locations 

Highest 
HAA5 

Locations 

Existing 
Compliance 
Locations 

Ground 
Water 

<500 Per year 2 1 1 - 

500-9,999 2 1 1 - 

10,000-99,999 Quarterly 4 2 1 1 

100,000-499,999 6 3 2 1 

≥500,000 8 3 3 2 

1All systems must monitor during month of highest DBP concentrations. 
2Systems on quarterly monitoring schedule must take dual sample sets every 90 days at each monitoring location, 
except for Subpart H systems serving 500-3,300.  Systems on annual monitoring and Subpart H systems serving 500-
3,300 are required to take individual TTHM and HAA5 samples (instead of a dual sample set) at the locations with the 
highest TTHM and HAA5 concentrations, respectively.  Only one location with a dual sample set per monitoring period is 
needed if highest TTHM and HAA5 concentrations occur at the same location, and in the same month, if monitored 
annually. 
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Systems that have completed one year of routine monitoring at their revised monitoring sites, and that exhibit 
locational running annual average TTHM and HAA5 concentrations of not more than 0.040 mg/L and 0.030 mg/L, 
respectively, at all sites, and annual average source water TOC levels of 4.0 mg/L or less will be allowed to reduce 
the number of DBP samples collected, as summarized in Table 6. 

c.  Operational Evaluation Levels.  The Stage 2 DBPR requires each system to determine if they have exceeded an 
operational evaluation level at any monitoring site, which is calculated using their routine quarterly system 
monitoring results.  The operational evaluation level is intended to provide an early warning of potential future 
MCL violations, which enables the system to initiate measures to remain in compliance.  An operational evaluation 
level is exceeded at any monitoring location where (1) the sum of the two previous quarters’ TTHM results plus 
twice the current quarter’s TTHM result, divided by 4 to derive an average, exceeds 0.080 mg/L, or (2) the sum of 
the two previous quarters’ HAA5 results plus twice the current quarter’s HAA5 result, divided by 4 to derive an 
average, exceeds 0.060 mg/L. 

Table 6 Reduced Monitoring Requirements Under Stage 2 DBPR  

Source 
Water 

Population 
Served 

Monitoring 
Frequency1 

Monitoring Requirements 
Per Monitoring Period 

Ground 
Water 

<500 Every Third Year 1 THM and 1 HAA5 sample (Notes 1, 2, 3)   

500-9,999 Per Year 1 THM and 1 HAA5 sample (Notes 1, 2, 3)   

10,000-99,999 2 dual sample sets (Notes 1,2) 

100,000-499,999 Quarterly 2 dual sample sets (Note 4) 

≥500,000 4 dual sample sets (Note 5) 

1Systems on quarterly monitoring must take dual sample sets every 90 days. 
Note 1:  One at the location and during the quarter with highest TTHM single measurement. 
Note 2:  One at the location and during the quarter with highest HAA5 single measurement. 
Note 3:  One dual sample set per year if highest TTHM and HAA5 measurements occurred at the   same location and 
quarter. 
Note 4:  At the locations with highest TTHM and highest HAA5 LRAAs. 
Note 5:  At the locations with two highest TTHM and two highest HAA5 LRAAs. 
 

A system that exceeds an operational evaluation level is required to do the following: 

▪ Conduct an evaluation to examine its treatment and distribution operational practices.  This evaluation must 
consider storage tank operations, excess storage capacity, distribution system flushing practices, changes in 
sources or source water quality, and treatment changes or problems that may contribute to TTHM and HAA5 
formation.  (The primacy agency may limit the scope of the evaluation if the cause of the operational 
evaluation level exceedence can be readily identified.) 

▪ Submit a written report to the primacy agency not later than 90 days after receiving the DBP analysis results 
that caused the exceedence. 

d.  Best Available Technology.  The following is specified by EPA in the Stage 2 DBPR as Best Available 
Technology (BAT) for compliance with the LRAA MCLs: 

 



 APPENDIX C 
 City of Bloomington Water Treatment Regulatory Requirements  

 

Page  C-14 October 2010 Black & Veatch 

▪ GAC adsorbers with an empty bed contact time of 10 minutes based on average daily flow and a carbon 
reactivation/replacement frequency not greater than 120 days, plus enhanced coagulation/enhanced softening. 

▪ GAC adsorbers with an empty bed contact time of 20 minutes based on average daily flow and a carbon 
reactivation/replacement frequency not greater than 240 days. 

▪ Nanofiltration using a membrane with a molecular weight cutoff of 1,000 Daltons or less. 

▪ For consecutive systems (i.e., systems that purchase or otherwise receive some or all of their finished water 
from one or more wholesale systems), the Stage 2 DBPR specifies that BAT is as follows: 

▪ For systems serving 10,000 or more consumers: (a) improved distribution system and storage tank 
management to reduce detention time, and (b) use of chloramines to maintain a disinfectant residual.   

▪ For systems serving fewer than 10,000 consumers: improved distribution system and storage tank management 
to reduce detention time. 

e.  Bromate.  Considerable pressure to reduce the MCL for bromate to 0.005 mg/L or less currently exists, as 
ongoing research suggests that this contaminant may be more carcinogenic than originally believed.  (This change 
would impact primarily utilities practicing ozonation for primary disinfection.)  However, the Stage 2 DBPR 
specifies that the MCL for bromate will remain at its current value of 0.010 mg/L.  EPA intends to review the 
bromate MCL as part of the 6-year regulatory review process required under the Safe Drinking Water Act to 
determine whether the MCL should continue to remain at 0.010 mg/L or be reduced to 0.005 mg/L or lower. 

Monitoring requirements for bromate have been modified under the Stage 2 DBPR.  Under the Stage 1 DBPR, 
ability to reduce monthly monitoring to quarterly was based on source water bromide levels.  However, under the 
Stage 2 DBPR, beginning April 1st 2009, systems required to monitor monthly for bromate may reduce monitoring 
frequency to quarterly if the running annual average finished water bromate concentration is ≤0.0025 mg/L, based 
on monthly bromate measurements for the most recent four quarters.    

f.  MCLGs.   Under the Stage 2 DBPR, a new MCLG for monochloroacetic acid of 0.07 mg/L has been 
established, and existing MCLGs for chloroform and trichloroacetic acid established under the Stage 1 DBPR have 
been modified (the MCLG for chloroform has been increased from zero to 0.07 mg/L, and the MCLG for 
trichloroacetic acid has been reduced from 0.3 mg/L to 0.02 mg/L). 

g.  Compliance Assistance / Guidance Documents.  EPA issues guidance documents to assist systems and 
primacy agencies implement and comply with new regulations.  For the Stage 2 DBPR, EPA has published the 
following 5 guidance manuals: 

▪ Initial Distribution System Evaluation Guidance Manual 

▪ Simultaneous Compliance Guidance Manual for Stage 2 Rules 

▪ Consecutive Systems Guidance Manual for the Stage 2 DBPR 

▪ Small System Guidance Manual for the Stage 2 DBPR 

▪ Operational Evaluation Guidance Manual 
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In addition to these guidance manuals, EPA has developed the “IDSE Tool”, a web-based electronic wizard that is 
designed to assist systems through the entire IDSE process.  Systems can use the IDSE Tool to (1) determine 
which IDSE option is best for them, (2) create custom forms for the selected option, and (3) guide them through the 
electronic data submission process. 

h.  Compliance Schedule.  A summary of key compliance dates under the Stage 2 DBPR is presented in Table 7. 

Table 7 Key Dates for Stage 2 DBPR Compiance  

Activity Compliance Date vs. Population Served1 

≥100,000 50,000-99,999 10,000-49,999 <10,000 

IDSE Plan Submittal Deadline2 10/01/2006 04/01/2007 10/01/2007 04/01/2008 

Deadline for Initiating IDSE Monitoring3 10/01/2007 04/01/2008 10/01/2008 04/01/2009 

Deadline for Completion of IDSE 
Monitoring3 

09/30/2008 03/31/2009 09/30/2009 03/31/2010 

Submit Report Summarizing IDSE 
Results, Recommended Revised DBP 
Monitoring Points 

01/01/2009 07/01/2009 01/01/2010 07/01/2010 

Initiate Stage 2 DBPR Quarterly 
Compliance Monitoring at Revised 
Locations 

04/01/2012 10/01/2012 10/01/2013 10/01/2013 

1Schedule applies to all systems that are part of a combined distribution system in which the largest 
  system serves this population. 
2Includes Standard Monitoring plans, System Specific Study plans, and 40/30 certification submittals. 
3If Standard Monitoring Plan option is selected. 

 

10. Ground Water Rule 
The Ground Water Rule (GWR), proposed in May 2000 and finalized in November 2006, is intended to provide 
for increased protection against viral and bacterial pathogens in public water systems using ground water sources.  
The GWR establishes a risk-targeted approach to identify systems that are at high risk for fecal contamination, and 
specifies when corrective action is required.  The rule applies to all systems that use ground water not under the 
direct influence of surface water (estimated at approximately 147,000 systems as of 2003).  The rule also applies to 
any system that mixes surface water and ground water, if the ground water is introduced directly into the 
distribution system without treatment equivalent to that required for surface water sources. 

GWR requirements include four major components: 

▪ Periodic sanitary surveys (every three years for most systems, and to be completed by state regulatory 
agencies) that must include evaluation of eight critical elements of the system (physical components, 
management/operation, compliance, etc.), and identification of any significant deficiencies. 

▪ Triggered source water monitoring when a system that does not provide treatment to achieve a minimum of 
99.99 percent (4-log) removal/inactivation of viruses identifies a positive sample during its routine monitoring 
under the Total Coliform Rule. 

▪ Implementation of corrective action for any system with a significant deficiency or evidence of fecal 
contamination of source water. 
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▪ For systems that elect to provide for virus removal/inactivation, compliance monitoring to ensure that 
treatment reliably achieves a minimum 4-log removal/inactivation of viruses. 

Frequency of sanitary surveys may be reduced to every 5 years for systems with sources that receive treatment to 
provide 4-log virus removal/inactivation, or that have an “outstanding performance record”, as determined the state 
and documented in previous sanitary surveys, and with no history of total coliform MCL or monitoring violations 
since completion of the previous sanitary survey.  

In response to strong opposition by states following publication of the proposed GWR, USEPA elected not to 
require all ground water systems using “at-risk” sources (as determined by hydrogeologic sensitivity assessments) 
to conduct monthly monitoring for fecal contamination indicators. 

Systems will be subject to the triggered source water monitoring requirements beginning December 1, 2009.  (Any 
system that does not provide at least 4-log treatment of viruses before or at the first customer as specified in the 
GWR must comply with the triggered source water monitoring requirement.)  When the system is notified of a 
total coliform-positive routine monitoring sample result, within 24 hours the system must collect at least one 
sample from each ground water source in use at the time that the total coliform-positive routine sample was 
collected, unless the system has approval from the primacy agency to do otherwise.  If any initial triggered source 
sample is fecal indicator-positive (fecal indicators are E. coli, enterococci, or coliphage), and the state regulatory 
agency does not require corrective action, the system must collect an additional five repeat source water samples 
within 24 hours of being notified of the fecal indicator-positive sample for each of the sites that was fecal indicator-
positive.  The rule specifies treatment technique requirements for systems that detect fecal contamination of their 
source water. 

States must complete initial sanitary surveys of individual systems by December 31, 2012, for most community 
water systems (CWSs), and by December 31, 2014, for CWSs with outstanding performance and for all non-
community water systems. Systems determined to have deficiencies during their sanitary survey will have up to 
120 days to correct all deficiencies, eliminate the contamination source, switch to a different source, or provide 
treatment that will reliably achieve at least 4-log removal/inactivation of viruses.  Neither general variances nor 
exemptions from the regulatory requirements will be granted.    

11. Unregulated Contaminants Monitoring 
The Unregulated Contaminants Monitoring Regulation (UCMR) program was developed in coordination with the 
Contaminant Candidate List (CCL; discussed in Section D below).  The data collected by the UCMR process will 
be used to support analysis and review of contaminant occurrence, to guide the CCL process, and to support 
determination of whether to regulate a contaminant to protect public health.  The Safe Drinking Water Act 
Amendments of 1996 require EPA to establish criteria for a program to monitor unregulated contaminants and to 
identify not more than 30 contaminants to be monitored every 5 years.   EPA published a list of unregulated 
contaminants for the first UCMR cycle (UCMR1) in September 1999.  UCMR1 established a tiered monitoring 
approach, and required all large public water systems and some systems serving fewer than 10,000 consumers to 
monitor for unregulated contaminants from 2001 to 2005.   

Monitoring under the second cycle of unregulated contaminants monitoring (UCMR2), as outlined in the January 
2007 final rule, must be conducted between 2007 and 2010.  UCMR2 includes 25 contaminants and five associated 
analytical methods, as summarized in Table 8.  All systems serving more than 10,000 consumers (based on retail 
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population directly served plus the population served by any consecutive system(s)), and 800 selected systems 
serving 10,000 or fewer consumers will be required to conduct first tier assessment monitoring for 10 contaminants 
(List 1 contaminants).  A second tier screening survey of 15 additional contaminants (List 2 contaminants) will be 
conducted by 400 systems serving more than 100,000 consumers, 320 systems serving between 10,001 and 
100,000 consumers, and 480 systems serving 10,000 or fewer consumers.  USEPA or individual state regulatory 
agencies will be issuing notification letters to all affected systems.    (Systems that purchase all of their water from 
another system are not subject to the UCMR2 monitoring requirements.)  The final rule does not require utilities to 
conduct repeat monitoring for perchlorate, as originally proposed, using a method that is more sensitive than the 
method that was available when the first round of unregulated contaminant monitoring was conducted.    

Samples must be collected during one continuous 12-month period beginning no earlier than January 2008 and 
concluding no later than December 2010.  For systems with surface water sources, monitoring will be required at 
3-month intervals for 4 consecutive quarters, while groundwater systems must monitor twice at 6-month 
monitoring intervals.  While monitoring for most contaminants is to be conducted at the entry point to the 
distribution system, monitoring for the six List 2 nitrosamine compounds must be conducted at both the system 
entry point and at a point that reflects maximum system residence time.  Monitoring requirements for systems with 
blended surface and groundwater sources, or with multiple groundwater wells, are more complex.  Data must be 
submitted to UPEPA electronically.  For systems serving fewer than 10,000 consumers, USEPA will provide 
sample collection containers and conduct the analyses.  Affected systems must initially provide contact information 
to USEPA by April 4th, 2007.   

Table 8 UCMR 2 Contaminants and Corresponding Analytical Methods  

Assessment Monitoring (List 1) 

Contaminant Analytical 
Method 

Monitoring Location 

Dimethoate EPA 527 Entry point to distribution 
system Terbufos sulfone 

2,2’,4,4’-tetrabromodiphenyl ether (BDE-47) 

2,2’,4,4’,5-pentabromodiphenyl ether (BDE-99) 

2,2’,4,4’,5,5’-hexabromobiphenyl (245-HBB) 

2,2’,4,4’,5,5’-hexabromodiphenyl ether (BDE-153) 

2,2’,4,4’,6-pentabromodiphenyl ether (BDE-100) 

1,3-dinitrobenzene EPA 529 

2,4,6-trinitrotoluene (TNT) 

Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) 
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Screening Survey (List 2) 

Contaminant Analytical 
Method 

Monitoring Location 

Acetochlor ESA EPA 535 Entry point to distribution 
system Acetochlor OA 

Alachlor ESA 

Alachlor OA 

Metolachlor ESA 

Metolachlor OA 

Acetochlor EPA 525.2 Entry point to distribution 
system Alachlor 

Metolachlor 

N-nitroso-diethylamine (NDEA) EPA 521 Distribution system maximum 
residence time 

AND 
Entry point to distribution 

system 

N-nitroso-dimethylamine (NDMA) 

N-nitroso-di-n-butylamine (NDBA) 

N-nitroso-di-n-propylamine (NDPA) 

N-nitroso-methylethylamine (NMEA) 

N-nitroso-pyrrolidine (NPYR) 

*All perchlorate samples must be collected using the sterile technique required in Methods 314.1, 331.0, or 332.0 

 

12. Summary of Current MCLs and SMCLs 
Current drinking water standards (MCLs and Maximum Contaminant Level Goals (MCLGs)) are summarized in 
Table 9.  (Note that Table 9 includes only currently effective, or “enforceable” MCLs.)  Current Secondary 
Maximum Contaminant Levels (SMCLs) are summarized in      Table 10. 

III. Pending Regulations 

1.  Radon 
EPA proposed new regulations for radon in November 1999.  Two alternative compliance approaches were 
included in the proposed radon rule: 

▪ States can elect to develop programs to address the health risks from radon in indoor air through adoption and 
implementation of a multimedia mitigation program.  Under this approach, individual water systems would be 
required to reduce radon levels in the treated water to 4,000 pCi/L or lower.  EPA will encourage States to 
adopt this approach, as it is considered the most cost-effective way to achieve the greatest reduction in radon 
exposure risk. 

▪ If the State elects not to develop a multimedia radon mitigation program, individual water systems will be 
required to reduce radon levels in their treated water to 300 pCi/L, or to develop local multimedia mitigation 
programs and reduce radon levels in drinking water to 4,000 pCi/L. 
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Systems with radon levels at or below 300 pCi/L would not be required to treat their water to remove radon.  States 
will likely be granted fairly wide latitude in developing and implementing the multimedia mitigation programs, and 
it is expected that the programs will differ significantly from state to state.  The need for radon treatment will be 
based on results of quarterly monitoring.  If the state regulatory agency commits to the multimedia mitigation and 
alternative MCL compliance approach within 90 days of final promulgation of the rule, it will be granted an 
additional 18 months to achieve compliance.  

Considerable controversy currently surrounds the regulation of radon in drinking water supplies, and modification 
of this regulation as currently proposed could significantly alter the requirements contained in the final rule.  No set 
schedule for promulgation of an MCL for radon is currently in place, and regulation of radon appears to be a low 
priority within EPA. 

Table 9 Current Drinking Water Standards (as of 07/2010) 

Contaminant Regulation MCL, mg/L MCLG, mg/L 

ORGANIC SUBSTANCES 

Acrylamide Phase II (TT) Zero 

Alachlor Phase II 0.002 Zero 

Atrazine Phase II 0.003 0.003 

Benzene Phase I 0.005 Zero 

Benzo(a)pyrene Phase V 0.0002 Zero 

Carbofuran Phase II 0.04 0.04 

Carbon tetrachloride Phase I 0.005 Zero 

Chlordane Phase II 0.002 Zero 

2,4-D Phase II 0.07 0.07 

Dalapon Phase V 0.2 0.2 

Di(2-ethylhexyl) adipate Phase V 0.4 0.4 

Di(2-ethylhexyl) phthalate Phase V 0.006 Zero 

Dibromochloropropane (DBCP) Phase II 0.0002 Zero 

p-dichlorobenzene Phase I 0.075 0.075 

o-dichlorobenzene Phase II 0.6 0.6 

1,2-dichloroethane Phase I 0.005 Zero 

1,1-dichloroethylene Phase I 0.007 0.007 

cis-1,2-dichloroethylene Phase II 0.07 0.07 

Trans-1,2-dichloroethylene Phase II 0.1 0.1 

Dichloromethane Phase V 0.005 Zero 

1,2-dichloropropane Phase II 0.005 Zero 

Dinoseb Phase V 0.007 0.007 

Diquat Phase V 0.02 0.02 

Endothall Phase V 0.1 0.1 

Endrin Phase V 0.002 0.002 

Epichlorohydrin Phase II (TT) Zero 

Ethylbenzene Phase II 0.7 0.7 
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Contaminant Regulation MCL, mg/L MCLG, mg/L 

Ethylene dibromide Phase II 0.00005 Zero 

Glyphosate Phase V 0.7 0.7 

Heptachlor Phase II 0.0004 Zero 

Heptachlor epoxide Phase II 0.0002 Zero 

Hexachlorobenzene Phase V 0.001 Zero 

Hexachlorocyclopentadiene Phase V 0.05 0.05 

Lindane Phase II 0.0002 0.0002 

Methoxychlor Phase II 0.04 0.04 

Monochlorobenzene Phase II 0.1 0.1 

Oxamyl (vydate) Phase V 0.2 0.2 

Pentachlorophenol Phase II 0.001 Zero 

Picloram Phase V 0.5 0.5 

Polychlorinated biphenyls Phase II 0.0005 Zero 

Simazine Phase V 0.004 0.004 

ORGANIC SUBSTANCES 

Styrene Phase II 0.1 0.1 

2,3,7,8-TCDD (dioxin) Phase V 3 x 10-8 Zero 

Tetrachloroethylene Phase II 0.005 Zero 

Toluene Phase II 1 1 

Toxaphene Phase II 0.003 Zero 

2,4,5-TP (silvex) Phase II 0.05 0.05 

1,2,4-trichlorobenzene Phase V 0.07 0.07 

1,1,1-trichloroethane Phase I 0.2 0.20 

1,1,2-trichloroethane Phase V 0.005 0.003 

Trichloroethylene Phase I 0.005 Zero 

Vinyl chloride Phase I 0.002 Zero 

Xylenes (total) Phase II 10 10 

INORGANIC SUBSTANCES 

Antimony Phase V 0.006 0.006 

Arsenic Arsenic Rule 0.010 Zero 

Asbestos (fibers/L > 10 um) Phase II 7 million 7 million 

Barium Phase II 2 2 

Beryllium Phase V 0.004 0.004 

Cadmium Phase II 0.005 0.005 

Chromium (total) Phase II 0.1 0.1 

Copper LCR (TT) 1.3 

Cyanide Phase V 0.2 0.2 

Fluoride - 4.0 4.0 

Lead LCR (TT) Zero 
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Contaminant Regulation MCL, mg/L MCLG, mg/L 

Mercury Phase II 0.002 0.002 

Nitrate (as N) Phase II 10 10 

Nitrite (as N) Phase II 1 1 

Nitrate + Nitrite (both as N) Phase II 10 10 

Selenium Phase II 0.05 0.05 

Thallium Phase V 0.002 0.0005 

RADIONUCLIDES 

Beta-particle and photon emitters Interim 4 mrem/yr Zero 

Alpha emitters Interim 15 pCi/L Zero 

Radium 226 + 228 Interim 5 pCi/L Zero 

Uranium Interim 30 ug/L Zero 

MICROORGANISIMS 

Escherichia coli TCR (TT) Zero 

Fecal coliforms TCR (TT) Zero 

Total coliforms TCR (1) Zero 

DISINFECTANT BYPRODUCTS 

Bromate Stage 1 DBPR 0.010 Zero 

Chlorite Stage 1 DBPR 1.0 0.8 

Haloacetic Acids (HAA52) Stage 1 DBPR 0.060 NA 

Trihalomethanes (total) Stage 1 DBPR 0.080 NA 

Bromodichloromethane Stage 1 DBPR - Zero 

Bromoform Stage 1 DBPR - Zero 

Chloroform Stage 2 DBPR - 0.07 

Dibromochloromethane Stage 1 DBPR - 0.06 

Dichloroacetic acid Stage 1 DBPR - Zero 

Monochloroacetic acid Stage 2 DBPR - 0.07 

Trichloroacetic acid Stage 2 DBPR - 0.02 

DISINFECTANT RESIDUALS 

Chlorine (as Cl2) Stage 1 DBPR 4.03 44 

Chloramines (as Cl2) Stage 1 DBPR 4.03 44 

Chlorine dioxide (as ClO2) Stage 1 DBPR 0.83 0.84 
1No more than 5 percent of monthly samples may be positive for presence of coliforms. 
2Sum of concentrations of five haloacetic acid species (monochloroacetic acid, dichloroacetic acid, trichloroacetic acid, 
monobromoacetic acid, dibromoacetic acid).  
3Maximum Residual Disinfectant Level. 
4Maximum Residual Disinfectant Level Goal. 
 
DBPR = Disinfection Byproducts Rule. 
LCR = Lead and Copper Rule. 
TCR = Total Coliform Rule. 
TT = Treatment technique. 

  



 APPENDIX C 
 City of Bloomington Water Treatment Regulatory Requirements  

 

Page  C-22 October 2010 Black & Veatch 

Table 10 Current Secondary MCLs 

Contaminant SMCL 

Aluminum 0.05 - 0.2 mg/L 

Chloride 250 mg/L 

Color 15 Color Units 

Copper 1.0 mg/L 

Corrosivity Non-corrosive 

Fluoride 2.0 mg/L 

Foaming Agents 0.5 mg/L 

Iron 0.3 mg/L 

Manganese 0.05 mg/L 

Odor 3 Threshold Odor Units 

pH 6.5 – 8.5 

Silver 0.10 mg/L 

Sulfate 250 mg/L 

Total Dissolved Solids 500 mg/L 

Zinc 5 mg/L 
 
 

2.  Total Coliform Rule Revisions / Distribution System Rule 
EPA announced in July 2003 its intention to revise the 1989 Total Coliform Rule (TCR).  While the original TCR 
protects human health by requiring microbial monitoring in distribution systems, it does not include corrective or 
protective requirements to reduce contamination of distribution systems by coliforms and other contaminants.  
EPA therefore intends to strengthen the original TCR by adding requirements to protect distribution systems.  
These revisions may be expanded into a Distribution System Rule, and may consider issues such as cross 
connection control, nitrification, impact of biofilms, and the sanitary condition of storage tanks.   

EPA’s proposed revisions to the 1989 TCR were published during July 2010.  The intent of the Revised Total 
Coliform Rule (RTCR) is to increase public health protection through the reduction of potential pathways of entry 
for fecal contamination into the distribution system.  As E. coli is considered to be a more specific indicator of 
fecal contamination and the potential presence of harmful pathogens than total coliform bacteria, the proposed 
RTCR reflects a shift in compliance requirements that focuses more on the presence/absence of E. coli in the 
distribution system.  As with the current TCR, the provisions of the RTCR will apply to all public water systems. 

Major provisions of the proposed RTCR include the following: 

▪ While coliform bacteria will continue to be used as an indicator of the integrity of treatment and the 
distribution system, the proposed RTCR establishes an MCLG and an MCL of zero for E. coli, and it 
eliminates the current MCLG and MCL of zero for total coliforms under the existing TCR. 

▪ The RTCR continues to rely upon population served as the basis for the number of samples to be collected 
each month. 
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▪ An MCL violation will occur when both a routine and a repeat total coliform sample are positive and either of 
them is also positive for E. coli. 

▪ Systems that may be vulnerable to fecal contamination (as indicated by their coliform monitoring results) will 
be required to conduct an assessment, to identify whether any sanitary defects are present, and to correct the 
defects. 

▪ Public water systems will continue to monitor for total coliform and E. coli in accordance with a state-
approved sample siting plan specific to the system.  The sampling point must also identify repeat monitoring 
locations. 

▪ Increased monitoring will be required for high-risk small systems with an unacceptable compliance history. 

▪ Public notification will be required only when an E. coli MCL violation occurs, which is indicative of a 
potential health threat, or when a system fails to conduct the required assessment and take corrective actions. 

▪ The RTCR includes provisions for systems to qualify for and to remain on a reduced monitoring schedule, 
which will result in a reduced monitoring/cost burden for qualifying systems. 

▪ Conditions are specified for invalidating coliform-positive monitoring results.  Under the current TCR, criteria 
for invalidating positive sample results were left largely up to individual state regulatory agencies.    

The RTCR is currently expected to be finalized during mid- to late-2012, and its requirements will become 
effective three years later. 

IV. FUTURE REGULATIONS 

1.  General 
In addition to the pending regulations discussed above, there are several additional regulations that will eventually 
be promulgated under the current SDWA agenda.  These rules will be promulgated according to the procedures 
established by the 1996 Amendments to the SDWA, meaning that EPA will no longer establish an MCL for a 
contaminant based solely on projected health-related issues.  The Amendments require the use of sound science, 
and allow consideration of other factors such as cost, benefits, and competing risks. 

2.  Drinking Water Contaminants Candidate List 
Under the SDWA, EPA must publish a list of contaminants every five years which may require regulation; these 
contaminants are not currently regulated, but are known or anticipated to occur in public water systems.  This list 
of contaminants is to be used to set regulatory, research, and occurrence-investigation priorities within EPA.  The 
first Contaminant Candidate List (CCL1), which was published in draft form in March 1998, consisted of 50 
chemical contaminants and 10 microbial contaminants.  EPA subsequently narrowed this list to 19 chemicals and 
one microbial contaminant which the Agency considered as “high priority” with respect to determination of the 
need to regulate, and ultimately reduced the list to a total of 9; these contaminants are summarized in Table 11.  In 
June 2003, the Agency announced its decision that no regulatory action is needed for these 9 contaminants, as they 
were determined not to present a significant public health risk. 
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Table 11 Contaminants Included on First Drinking Water Contaminant Candidate List  (CCL1) 

Acanthamoeba (guidance for contact lens wearers) 

Naphthalene 

Hexachlorobutadiene 

Aldrin 

Dieldrin 

Metribuzin 

Sodium (guidance) 

Manganese 

Sulfate 
A second CCL (CCL 2) was finalized in February 2005.  The CCL 2 consists of the 51 contaminants (9 microbial, 
42 chemical, as summarized in Table 12) that remained from the CCL 1 following EPA’s decision that 9 of the 
originally-proposed 60 contaminants do not merit regulation.  EPA issued preliminary regulatory determinations 
during April 2007, and final determinations during July 2008, not to regulate 11 of the 51 contaminants included 
on the CCL 2.  The Agency also announced their decision that two other contaminants included on the CCL 2 
(perchlorate and MTBE) require additional investigation to determine the risk to public health from human 
exposure, and that additional comments and information would be requested to assist in this investigation.  EPA 
requested comments on additional approaches to analyzing data related to the agency’s consideration of the need to 
regulate perchlorate during August 2009.  The likely schedule for a final decision regarding the need for 
development of a federal MCL for perchlorate is not clear at this time. 
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Table 12 Drinking Water Contaminant Candidate List 2 

 
A third draft CCL (CCL 3) was published during February 2008.  This list consists of 93 chemicals or chemical 
groups and 11 microbiological contaminants.  In developing the draft CCL 3, EPA implemented a different process 
from that used for CCL 1 and CCL 2. This new process builds on evaluations used for previous CCLs and was 
based on substantial expert input and recommendations from the National Academy of Science’s National 
Research Council (NRC) and the National Drinking Water Advisory Council (NDWAC).  EPA used a multi-step 
CCL process to identify contaminants for inclusion on the draft CCL 3; these steps included: 

Microbiological Contaminant Candidates 
Adenoviruses      
Aeromonas hydrophila     
Caliciviruses 
Coxsackieviruses    
Cyanobacteria (blue-green algae), other freshwater algae, and their toxins 
Echoviruses 
Helicobacter pylori 
Microsporidia (Enterocytozoon and Septata) 
Mycobacterium avium intracellulare (MAC) 
 
Chemical Contaminant Candidates 
1,1,2,2-tetrachloroethane*    2,4,6-trichlorophenol  
1,2,4-trimethylbenzene    2,2-dichloropropane  
1,1-dichloroethane     2,4-dichlorophenol 
1,1-dichloropropene     2,4-dinitrophenol  
1,2-diphenylhydrazine    2,4-dinitrotoluene*  
1,3-dichloropropane     2,6-dinitrotoluene*  
1,3-dichloropropene*     2-methyl-Phenol (o-cresol)  
Acetochlor 
Alachlor ESA & other acetanilide pesticide degradation products 
Aluminum  
Boron* 
Bromobenzene    Nitrobenzene 
DCPA mono-acid degradate*   Organotins   
DCPA di-acid degradate*   Perchlorate** 
DDE*      Prometon 
Diazinon      RDX  
Disulfoton      Terbacil* 
Diuron      Terbufos  
EPTC (s-ethyldipropylthiocarbamate)* Triazines, degradation products 
Fonofos*     Vanadium  
p-Isopropyltoluene (p-cymene)    
Linuron  
Methyl bromide  
Methyl-t-butyl ether (MTBE)**  
Metolachlor  
Molinate 

*Decision not to regulate announced July 2008. 

**Decision to seek additional occurrence, exposure, and risk data announced April 2007.  
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▪ Identification of a broad universe of potential drinking water contaminants (called the CCL 3 Universe).  EPA 
initially considered approximately 7,500 potential chemical and microbial contaminants.  

▪ Selection of 560 of those contaminants to be evaluated further (the preliminary CCL or PCCL), based on a 
contaminant’s potential to occur in public water systems and the potential for public health concern.  

▪ Selection of 104 contaminants to be included on the CCL based on more detailed evaluation of occurrence and 
health effects.  

The CCL 3 was finalized during September 2009.  Four contaminants were deleted from the draft CCL 3, and 16 
new contaminants were added, bringing the total number of contaminants on the final CCL 3 to 116.  
Contaminants included on the final CCL 3 are summarized in Table 13.  Current regulatory schedules call for final 
determinations regarding the need to regulate at least five of the contaminants included on the CCL 3 by 2013.  
The Agency would then have 3.5 years to finalize MCLs for any contaminants selected for regulation.  

3.  Atrazine  
Atrazine is currently regulated at 0.003 mg/L, but this MCL is scheduled to be revisited.  Recent information 
regarding cardiovascular problems and reproductive issues associated with atrazine would suggest that the current 
MCL could be lowered somewhat, although potential future MCL values remain to be determined. 

4.  Endocrine Disruptors 
Endocrine disruptors (EDCs) interfere with the natural action of hormones in the body, and are thought to interfere 
with the reproductive systems of both wildlife and humans.  EDCs include pharmaceuticals and personal care 
products (PPCPs) such as antibiotics, prescription drugs, shampoos, cleansers, etc.  Even though the technology to 
detect these compounds in drinking water is now available, their potentially harmful effects are still largely 
unknown.  To date, the documented levels of these compounds are generally very low, at the low end of the parts 
per trillion range.  Most drinking water standards are set in the mg/L or µg/L range, which are 1,000 to 10,000 
times higher than the levels at which EDCs are typically detected at in water supplies.  Technologies to remove 
EDCs from water supplies may involve adsorption, rejection (nanofiltration and reverse osmosis), or oxidation.  If 
EDCs are regulated in the future, additional or replacement treatment processes would be necessary at most 
treatment facilities.  However, much research remains to be conducted in order to develop an adequate 
understanding of removal capabilities, bed life and optimal carbon types for adsorption systems, etc. 
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Table 13 Drinking Water Contaminant Candidate List 3 

 

Microbiological Contaminant Candidates 
Adenovirus    Hepatitis A virus 
Caliciviruses    Legionella pneumophila   
Campylobacter jejuni   Mycobacterium avium 
Enterovirus    Naegleria fowleri 
Escherichia coli (0157)   Salmonella enterica   
Helicobacter pylori   Shigella sonnei 
 
Chemical Contaminant Candidates 
alpha-Hexachlorocyclohexane  Ethinyl estradiol  
1,1,1,2-Tetrachloroethane  Ethoprop 
1,1-Dichloroethane   Ethylene glycol 
1,2,3-Trichloropropane   Ethylene oxide 
1,3-Butadiene    Ethylene thiourea 
1,3-Dinitrobenzene   Fenamiphos 
1,4-Dioxane    Formaldehyde 
17 alpha-Estradiol   Germanium 
1-Butanol    Halon 1011 (bromochloromethane) 
2-Methoxyethanol   HCFC-22 
2-Propen-1-ol    Hexane 
3-Hydroxycarbofuran   Hydrazine 
4,4'-Methylenedianiline   Mestranol 
Acephate    Methamidophos 
Acetaldehyde    Methanol 
Acetamide    Methyl bromide (Bromomethane) 
Acetochlor    Methyl tert-butyl ether 
Acetochlor ethanesulfonic acid (ESA) Metolachlor 
Acetochlor oxanilic acid (OA)  Metolachlor ethanesulfonic acid (ESA) 
Acrolein    Metolachlor oxanilic acid (OA) 
Alachlor ethanesulfonic acid (ESA) Molinate 
Alachlor oxanilic acid (OA)  Molybdenum 
Aniline     Nitrobenzene 
Bensulide    Nitroglycerin 
Benzyl chloride    N-Methyl-2-pyrrolidone 
Butylated hydroxyanisole  N-nitrosodiethylamine (NDEA) 
Captan     N-nitrosodimethylamine (NDMA) 
Chlorate    N-nitroso-di-n-propylamine (NDPA) 
Chloromethane (Methyl chloride) N-Nitrosodiphenylamine 
Clethodim    N-nitrosopyrrolidine (NPYR) 
Cobalt     Norethindrone 
Cumene hydroperoxide   n-Propylbenzene 
Cyanotoxins (3)*   o-Toluidine 
Dicrotophos    Oxirane, methyl- 
Dimethipin    Oxydemeton-methyl 
Dimethoate    Oxyfluorfen 
Disulfoton    Perchlorate 
Diuron     Permethrin 
Equilenin    Perfluorooctane sulfonic acid (PFOS) 
Equilin     Perfluorooctanoic acid (PFOA) 
Erythromycin    Profenofos 
Estradiol (17-beta estradiol)  Quinoline 
Estriol     RDX (Hexahydro-1,3,5-trinitro-1,3,5-triazine)   
Estrone     sec-Butylbenzene
Strontium    Toluene diisocyanate 
Tebuconazole    Tribufos 
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5.  New Disinfection Byproducts 
While only four disinfection byproducts are currently regulated (total trihalomethanes, HAA5, chlorite, and 
bromate), hundreds of other known DBPs exist.  If other DBPs are determined to affect human reproduction or 
otherwise cause public health problems, they will likely also be regulated.  Byproducts associated with the use of 
chloramines for secondary disinfection, such as nitrosodimethylamine (NDMA), cyanogen chloride, chloropicrin, 
and chloral hydrate are of particular concern for systems that use chloramines for maintaining a disinfectant 
residual and/or control of chlorine-based DBPs.  All of these DBPs have been found in systems using chloramines, 
but typically not at high levels.  The health risks associated with these compounds have not yet been established, so 
it is premature to speculate on potential future regulatory action. 

6.  Other Rules 
Additional rules are likely to be proposed by EPA, but these will primarily address administrative issues such as 
reformatting of drinking water amendments, streamlining of public notification requirements, and analytical 
method updates.  EPA presently plans to defer action on regulation of contaminants such as nickel and atrazine, 
and has indicated that it will reexamine risk assessment and occurrence data on aldicarb and make a determination 
of what future action is appropriate (the schedule for this action has not been determined at this time). 

V. REGULATORY SCHEDULE 
EPA’s current regulatory promulgation schedule is presented in Table 14.  The compliance dates listed in Table 14 
are based on EPA’s most recent semi-annual rulemaking agenda and on recent comments by officials involved in 
the regulatory development process. 
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Table 14 Schedule for Promulgation of SDWA Regulations (as of 07/2010) 

Regulation Proposed Final Effective 

Fluoride 11/1985 04/1986 10/1987 

8 VOCs (Phase I) 11/1985 07/1987 01/1989 

Total Coliform Rule 
   Revisions 

11/1987 
07/2010 

06/1989 
 Mid-2012 

12/1990 
 Mid-20151 

Lead & Copper 
   Minor Revisions 
   Additional Revisions / Clarifications 

08/1988 
04/1998 
07/2006 

06/1991 
01/2000 
10/2007 

01/19922 

01/2001 
04/2008 

26 Synthetic Organic Contaminants3,  
7 Inorganic Contaminants (Phase II) 

05/1989 01/1991 07/1992 

MCLs for barium, pentachlorophenol (Phase II) 01/1991 07/1991 01/1993 

Phase V Organics, Inorganics 07/1990 07/1992 01/1994 

Information Collection Rule (ICR) 02/1994 05/1996 Completed 

Consumer Confidence Reports Rule (CCR) 02/1998 08/1998 09/98 

Radionuclides (Phase III) – except radon    07/1991 12/2000 12/2003 

Radon 11/1999 Schedule “To Be Determined” 

Disinfectants / Disinfection Byproducts 
   Stage 1 
   Stage 2 

 
07/1994 
08/2003 

 
12/1998 
01/2006 

 
01/20024,5 
04/20126 

Ground Water Rule (GWR) 05/2000 11/2006 12/20097 

Arsenic 06/2000 02/20028 01/2006 

MCLs for aldicarb, aldicarb sulfoxide, aldicarb 
sulfone 

Delayed, no current schedule 

1Assumes regulation in effect 3 years after final promulgation. 
2Start date for tap monitoring for systems serving more than 50,000 consumers. 
3MCL, MCLG for atrazine to be reconsidered. 
4For systems serving more than 10,000 consumers. 
5Effective 01/2004 for groundwater and small surface water systems. 
6Phased compliance schedule; 04/2012 is deadline for initiating DBP testing for Stage 2 compliance at revised 
system monitoring locations (systems ≥100,000 served). 
7Start date for triggered source water monitoring requirements. 
8Rule originally promulgated 01/22/2001, but delayed by administrative action until 02/22/2002. 
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Northwest Tower 
Northwest Tower 

Level (ft) Volume (gal) 
0 0 
1 11,973 
2 25,500 
3 40,533 
4 57,027 
5 74,933 
6 94,201 
7 114,838 
8 136,893 
9 160,413 
10 185,445 
11 212,036 
12 240,233 
13 270,083 
14 301,634 
15 334,931 
16 370,022 
17 406,954 
18 445,775 
19 486,530 
20 529,238 
21 572,638 
22 616,038 
23 659,438 
24 702,838 
25 746,237 
26 789,637 
27 833,037 
28 876,437 
29 919,836 
30 963,236 
31 1,006,636 
32 1,050,036 
33 1,093,435 
34 1,136,835 
35 1,180,235 
36 1,223,635 
37 1,267,035 
38 1,310,435 
39 1,353,834 
40 1,397,234 
41 1,440,634 
42 1,484,034 

42.5 1,505,733 
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Valley View Tower 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Valley View Tower 
Level (ft) Volume (gal) 

0 0 
1 31,184 
2 64,753 
3 100,417 
4 137,946 
5 177,143 
6 217,835 
7 259,867 
8 303,096 
9 347,388 
10 392,617 
11 438,661 
12 485,406 
13 532,737 
14 580,545 
15 628,721 
16 677,160 
17 725,755 
18 774,403 
19 822,999 
20 871,438 
21 919,614 
22 967,422 
23 1,014,753 
24 1,061,497 
25 1,107,542 
26 1,152,771 
27 1,197,063 
28 1,240,292 
29 1,282,324 
30 1,323,016 
31 1,362,213 
32 1,399,741 
33 1,435,406 
34 1,468,974 
35 1,500,159 

Valley View Tower Head-Volume Curve
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Western Reservoir 
Western Reservoir 

Level (ft) Volume (gal) 
0 0 
1 71,085 
2 142,170 
3 213,254 
4 284,339 
5 355,424 
6 426,509 
7 497,594 
8 568,679 
9 639,763 
10 710,848 
11 781,933 
12 853,018 
13 924,103 
14 995,187 
15 1,066,272 
16 1,137,357 
17 1,208,442 
18 1,279,527 
19 1,350,612 
20 1,421,696 
21 1,492,781 
22 1,563,866 
23 1,634,951 
24 1,706,036 
25 1,777,120 
26 1,848,205 
27 1,919,290 
28 1,990,375 
29 2,061,460 
30 2,132,545 
31 2,203,629 
32 2,274,714 
33 2,345,799 
34 2,416,884 
35 2,487,969 
36 2,559,053 
37 2,630,138 
38 2,701,223 
39 2,772,308 
40 2,843,393 
41 2,914,477 
42 2,985,562 

42.6 3,028,213 

Western Reservoir Head-Volume Curve
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WTP Clearwell 
 

 Head Range: 23 ft 
 Constant Shape 
 Max Volume: 4,657,305 gallons 
 202,492 gallons per ft 
 

82nd and Penn Reservoir Number 1 
 

 Head Range: 35 ft 
 Constant Shape (round) 
 Max Volume: 9,911,162 gallons 
 283,176 gallons per ft 

 
82nd and Penn Reservoir Number 2 

 
 Head Range: 35 ft 
 Constant Shape (square) 
 Max Volume: 10,301,482 gallons 
 294,328 gallons per ft 
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Water Treatment Plant High Service Pump Station 
 

WTP HSP #1: 
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WTP HSP #2: 
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WTP HSP #3: 
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WTP HSP #4: 
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82nd and Penn High Service Pump Station 
 

82nd HSP #5: 
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82nd HSP #6: 
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82nd HSP #7: 
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82nd HSP #8: 
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82nd HSP #9: 
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Poplar Bridge Booster Pump Station 
 

PBS #1: 
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PBS #2: 
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PBS #3: 

 

 
 
 



  APPENDIX E 
 City of Bloomington Pump Curves  

Black & Veatch January 2011 Page  E-15 

 
PBS #4: 
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ADDRESS1 Expr1002 umLocClass umZoneID umAssessorID
In 

Bloomington?

Served by 
Bloomington 

Water? NOTES/COMMENTS Assessor ID Census Track Census Block Census ID

Updated 
Access 
Table

Updated 
Centroid 
Features Where Updated

10001 PENN AVE S                         MONTHLY      COMMERCIAL     MONTHLY      1602724330026           Yes Yes
PIN 1602724330226 belongs to townhome at 2106 Village Terrace.  Address 10001 Penn is really 
legal address 9901 Penn and PIN 1602724330220. 1602724320055 257.02 5 257025 X Updated PIN in Geodatabase table - SCADA_2004_2010 Leave address as is!

1501 AMERICAN BLVD E               MONTHLY      RES MULTI UNIT MONTHLY      0202724120029           Yes Yes Old PIN.  This parcel is a condo with PIN's from 0202724120050 to 0202724120069. 0202724120050 252.01 3 252013 X Updated PIN in Geodatabase table - SCADA_2004_2010

2101 AMERICAN BLVD W              MONTHLY      COMMERCIAL     MONTHLY      0402724230014 Yes Yes Recent replat - PIN changed to 0402724230031 0402724230031 256.01 1 256011 X Updated PIN in Geodatabase table - SCADA_2004_2010

3815 AMERICAN BLVD E               MONTHLY      COMMERCIAL     MONTHLY      0602723120006 Yes Yes
Legal address is 3500 E 89th St - PIN 0702723240002.  PIN 0602723120006 was former ID for this 
parcel. 0702723240002 251.00 3 251003 X Updated PIN in Geodatabase table - SCADA_2004_2010

4425 W 77TH ST                             MONTHLY      COMMERCIAL     MONTHLY      3102824430018 No Yes Parcel in Edina but served by Bloomington water. 3102824430018 X Created aParcel Centroid  using  Geocoding & Aerials

4445 W 77TH ST                             MONTHLY      COMMERCIAL     MONTHLY      3102824430013 No Yes Parcel in Edina but served by Bloomington water. 3102824430013 X Created aParcel Centroid  using  Geocoding & Aerials

4455 W 77TH ST                             MONTHLY      COMMERCIAL     MONTHLY      3102824430015 No Yes Parcel in Edina but served by Bloomington water. 3102824430015 X Created aParcel Centroid  using  Geocoding & Aerials

4510 W 77TH ST                             MONTHLY      COMMERCIAL     MONTHLY      3102824430003 No Yes Parcel in Edina but served by Bloomington water. 3102824430003 X Created aParcel Centroid  using  Geocoding & Aerials

4530 W 77TH ST                             MONTHLY      COMMERCIAL     MONTHLY      3102824430004 No Yes Parcel in Edina but served by Bloomington water. 3102824430004 X Created aParcel Centroid  using  Geocoding & Aerials

4530-50 W 77TH ST                        MONTHLY      COMMERCIAL     MONTHLY      3102824430001 No Yes
Parcel in Edina but served by Bloomington water.  This fire service serves both 4530 & 4550 W 
77th St.  PIN 3102824430001 or 3102824430004 would be correct

4545 W 77TH ST                             MONTHLY      COMMERCIAL     MONTHLY      3102824430016 No Yes Parcel in Edina but served by Bloomington water. 3102824430016 X Created aParcel Centroid  using  Geocoding & Aerials

4550 W 77TH ST                             MONTHLY      COMMERCIAL     MONTHLY      3102824430001 No Yes Parcel in Edina but served by Bloomington water.  PIN correct for this address. 3102824430001 X Created aParcel Centroid  using  Geocoding & Aerials

4555 W 77TH ST                             MONTHLY      COMMERCIAL     MONTHLY      3102824340013 No Yes Parcel in Edina but served by Bloomington water. 3102824340013 X Created aParcel Centroid  using  Geocoding & Aerials

4565 W 77TH ST                             MONTHLY      COMMERCIAL     MONTHLY      3102824340014 No Yes Parcel in Edina but served by Bloomington water. 3102824340014 X Created aParcel Centroid  using  Geocoding & Aerials
4570 W 77TH ST                             MONTHLY      COMMERCIAL     MONTHLY      3102824340009 No Yes Parcel in Edina but served by Bloomington water. 3102824340009 X Created aParcel Centroid  using  Geocoding & Aerials

4600 W 77TH ST                             MONTHLY      COMMERCIAL     MONTHLY      3102824340008 No Yes Parcel in Edina but served by Bloomington water.  PIN and address correct. 3102824340008 X Created aParcel Centroid  using  Geocoding & Aerials

4620 W 77TH ST                             MONTHLY      COMMERCIAL     MONTHLY      3102824340008 No Yes Parcel in Edina but served by Bloomington water.  Legal address is 4600 W 77th St.  PIN is correct. 3102824340008 X Created aParcel Centroid  using  Geocoding & Aerials

4625 W 77TH ST                             MONTHLY      COMMERCIAL     MONTHLY      3102824340017 No Yes Parcel in Edina but served by Bloomington water. 3102824340017 X Created aParcel Centroid  using  Geocoding & Aerials

4640 W 77TH ST                             MONTHLY      COMMERCIAL     MONTHLY      3102824340008 No Yes
Parcel in Edina but served by Bloomington water.  Legal address is 4660 W 77th St.  PIN should be 
3102824340007 3102824340008 X Created aParcel Centroid  using  Geocoding & Aerials

4660 W 77TH ST                             MONTHLY      COMMERCIAL     MONTHLY      3102824340007 No Yes Parcel in Edina but served by Bloomington water. 3102824340007 X Created aParcel Centroid  using  Geocoding & Aerials

4675 W 77TH ST                             MONTHLY      COMMERCIAL     MONTHLY      No Yes
Parcel in Edina but served by Bloomington water.  4675 building is on 4625 parcel with PIN 
3102824340017. 3102824340017 X Created aParcel Centroid  using  Geocoding & Aerials

4700 W 77TH ST                             MONTHLY      COMMERCIAL     MONTHLY      3102824330025 No Yes Parcel in Edina but served by Bloomington water. 3102824330025 X Created aParcel Centroid  using  Geocoding & Aerials

4701 W 77TH ST                             MONTHLY      CMRCL EXEMPT   MONTHLY      3102824330017 No Yes Parcel in Edina but served by Bloomington water. 3102824330017 X Created aParcel Centroid  using  Geocoding & Aerials

4815 W 77TH ST                             MONTHLY      COMMERCIAL     MONTHLY      3102824330014 No Yes Parcel in Edina but served by Bloomington water. 3102824330014 X Created aParcel Centroid  using  Geocoding & Aerials

4820 W 77TH ST                             MONTHLY      COMMERCIAL     MONTHLY      No Yes Parcel in Edina but served by Bloomington water. 3102824330018 X Created aParcel Centroid  using  Geocoding & Aerials

4901 AMERICAN BLVD W              MONTHLY      COMMERCIAL     MONTHLY      0602724240009           Yes Yes Recent replat - PIN changed to 0602724240012 0602724240009 256.05 1 256051 Created aParcel Centroid  using  Geocoding & Aerials MissingParcel3 Bookmark

4940 VIKING DR                              MONTHLY      COMMERCIAL     MONTHLY      3102824330010 No Yes Parcel in Edina but served by Bloomington water.  Legal address is 4901 W 77th St.  PIN is correct. 3102824330010 X X
Created aParcel Centroid  using  Geocoding & Aerials
Updated Address in Geodatabase table - SCADA_2004_2010

510 HALSEY LN                              65 COMMERCIAL     MONTHLY      1002724230022 Yes Yes Parcel currently being replatted - new PIN pending.  Building coordinates: 525101, 118783 1002724230005 1255.00 1 1255001 Created aParcel Centroid  using  Geocoding & Aerials

7700 FRANCE AVE S                      MONTHLY      COMMERCIAL     MONTHLY      3102824440013 No Yes Parcel in Edina but served by Bloomington water. 3102824440013 X Created aParcel Centroid  using  Geocoding & Aerials

7710 COMPUTER AVE S                MONTHLY      COMMERCIAL     MONTHLY      3102824330015 No Yes Parcel in Edina but served by Bloomington water. 3102824330015 X Created aParcel Centroid  using  Geocoding & Aerials

7711 COMPUTER AVE S                MONTHLY      COMMERCIAL     MONTHLY      3102824330016 No Yes Parcel in Edina but served by Bloomington water. 3102824330016 X Created aParcel Centroid  using  Geocoding & Aerials

7711 NORMANDALE BLVD            MONTHLY      COMMERCIAL     MONTHLY      3102824330011 No Yes Parcel in Edina but served by Bloomington water. 3102824330011 X Created aParcel Centroid  using  Geocoding & Aerials

7850 NORD AVE S                          MONTHLY      COMMERCIAL     MONTHLY      0602724210010           Yes Yes PIN should be 0602724210019 0602724210019 256.05 1 256051 X Updated PIN in Geodatabase table - SCADA_2004_2010

8050 MORGAN CIR                         MONTHLY      COMMERCIAL     MONTHLY      402724230017 Yes Yes Parcel currently being replatted - new PIN pending.  Building coordinates: 520146, 124104 0402724230017 256.01 1 256011 X Created aParcel Centroid  using  Geocoding & Aerials MissingParcel Bookmark

8100 34TH AVE S                            MONTHLY      COMMERCIAL     MONTHLY      0602723230008 Yes Yes Recent replat - PIN changed to 0602723230638.  New address 8051 33rd Ave S. 0602723230638 251.00 3 251003 X Updated PIN & Address in Geodatabase table - SCADA_2004_2010

8100 HUMBOLDT AVE S                MONTHLY      COMMERCIAL     MONTHLY      Yes Yes No legal parcel - located in ROW.  Building coordinates 521962, 124014. 0402724240033 256.01 1 256011 X Updated PIN in Geodatabase table - SCADA_2004_2010

8165 33RD AVE S                           MONTHLY      RES MULTI UNIT MONTHLY      0602723230005           Yes Yes

Address & PIN are correct.  This is the property managers parcel in a condo and the parent parcel.  
Condo has 356 parcels.  Any one of these 356 PIN's could be used to represent this address.  See 
next worksheet in this spreadsheet for a list of these parcels.

8341 LYNDALE AVE S                    MONTHLY      RES MULTI UNIT MONTHLY      302724320065 Yes Yes
Address & PIN are correct.  This is the parent parcel in a condo.  Other PINS: 0302724320133 to 
0302724320227.   Building coordinates 524968, 122273 0302724320065 1255.00 1 1255001

8830 NICOLLET AVE S                   MONTHLY      RES MULTI UNIT MONTHLY      1002724240006           Yes Yes
Address & PIN are correct.  This is the parent parcel in a condo with 4 units.  Other PINS: 
1002724240041 to 1002724240044 0302724320065 254.01 2 254.012

9020 LYNDALE AVE S                    MONTHLY      COMMERCIAL     MONTHLY      0902724410070           Yes Yes Old PIN.  Change to 9010 Lyndale and PIN 0902724410076 0902724410076 1255.00 1 1255001 X Updated PIN & Address in Geodatabase table - SCADA_2004_2010

9401 LYNDALE AVE S                    MONTHLY      COMMERCIAL     MONTHLY      1502724220017           Yes Yes Old PIN.  Change to 1502724220076, parent parcel of condo. 1502724220076 1255.00 1 1255001 X Updated PIN in Geodatabase table - SCADA_2004_2010

9810 DREW AVE S                         MONTHLY      RES MULTI UNIT MONTHLY      1702724320068           Yes Yes Old PIN.  One parcel with 4 apartment buildings and one PIN 1702724320077. 1702724320077 257.02 3 257023 X Updated PIN in Geodatabase table - SCADA_2004_2010

9820 DREW AVE S                         MONTHLY      RES MULTI UNIT MONTHLY      1702724320068           Yes Yes Old PIN.  One parcel with 4 apartment buildings and one PIN 1702724320077. 1702724320077 257.02 3 257023 X Updated PIN in Geodatabase table - SCADA_2004_2010

9900 DREW AVE S                         MONTHLY      RES MULTI UNIT MONTHLY      1702724320068           Yes Yes Old PIN.  One parcel with 4 apartment buildings and one PIN 1702724320077. 1702724320077 257.02 3 257023 X Updated PIN in Geodatabase table - SCADA_2004_2010

9910 DREW AVE S                         MONTHLY      RES MULTI UNIT MONTHLY      1702724320068           Yes Yes Old PIN.  One parcel with 4 apartment buildings and one PIN 1702724320077. 1702724320077 257.02 3 257023 X Updated PIN in Geodatabase table - SCADA_2004_2010

2901 E 78TH ST Yes Yes Missing from Access Database - Kelli 0102724110004 251.00 2 251002 X Updated PIN in Geodatabase table - SCADA_2004_2010

3397 AMERICAN BLVD E Missing from Access Database - Kelli 0602723230633 251.00 3 251003 X Updated PIN in Geodatabase table - SCADA_2004_2010

11507-10 Hampshire CRV Missing from Access Database - Kelli 0511521420002 259.07 2 259072 X Updated PIN in Geodatabase table - SCADA_2004_2010
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Pump Station Flow Calibration: 
 

Water Treatment Plant High Service Pump Station Calibration (8/30/08) 
 

 
 
 

82nd and Penn High Service Pump Station Calibration (8/30/08) 
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82nd Pump Station Calibration
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Poplar Bridge Booster Pump Station Calibration (8/30/08) 
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Tank Level Calibration: 
 

Western Reservoir Level Calibration (8/30/07) 
 

 
 

Valley View Tower Level Calibration (8/30/07) 
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Valley View Tower Calibration
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Northwest Tower Level Calibration (8/30/07) 
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Pressure Point Calibration 

 
Pressure Point 1 Pressure Calibration (8/30/07) 

 

 
 

Pressure Point 2 Pressure Calibration (8/30/07) 
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Pressure Point 2 - Fire Station No. 3
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Pressure Point 3 Pressure Calibration (8/30/07) 
 

 
 

Pressure Point 4 Pressure Calibration (8/30/07) 
 

 
 
 
 

Pressure Point 3 - Public Health Building
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Pressure Point 5 Pressure Calibration (8/30/07) 
 

 
 

Pressure Point 6 Pressure Calibration (8/30/07) 
 

 
 

Pressure Point 5 - Valley View Tower
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Pressure Point 7 Pressure Calibration (8/30/07) 
 

 
 
 
 

Pressure Point 7 - Fire Station No. 6
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    2007 Base Demands (gpm) 2010 Demand Change (gpm) 2015 Demand Change (gpm) 2030 Demand Change (gpm) Planning Year Demand Totals (gpm) 

Model ID Pressure 
Zone 

Normal 
Zone 
(2007) 

NRW 
Normal 
(2007) 

High Zone 
(2007) 

NRW High 
(2007) 

Normal Zone 
(2010) 

NRW Normal 
(2010) 

High Zone 
(2010) 

NRW High 
(2010) 

Normal 
Zone (2015) 

NRW 
Normal 
(2015) 

High Zone 
(2015) 

NRW High 
(2015) 

Normal 
Zone (2030) 

NRW 
Normal 
(2030) 

High 
Zone 
(2030) 

NRW High 
(2030) 

2007 2010 2015 2030 

N_2007 NRN_2007 H_2007 NR_H_2007 N_2010 NRW_N_2010 H_2010 NR_H_2010 N_2015 NR_N_2015 H_2015 NR_H_2015 N_2030 NR_N_2030 H_2030 NR_H_2030 2007_Tot 2010_Tot 2015_Tot 2030_Tot 

287 High Zone 0.00 0.00 2.10 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.14 +0.00 +0.00 +0.00 +0.00 +0.01 3.35 3.35 3.49 3.50 

288 High Zone 0.00 0.00 0.55 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 1.80 1.80 1.80 1.81 

289 Normal Zone 16.70 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.25 +0.15 +0.00 +0.00 18.56 18.60 18.79 19.19 

290 Normal Zone 26.59 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 28.45 28.49 28.68 28.83 

291 Normal Zone 31.49 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 33.35 33.39 33.58 33.73 

292 Normal Zone 20.55 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 22.41 22.45 22.64 22.79 

293 Normal Zone 15.58 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 17.44 17.48 17.67 17.82 

294 Normal Zone 15.20 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 17.06 17.10 17.29 17.44 

295 High Zone 0.00 0.00 7.40 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.07 +0.00 +0.00 +0.00 +0.00 +0.01 8.65 8.65 8.72 8.73 

296 Normal Zone 0.00 1.86 0.00 0.00 -17.56  +0.04 +0.00 +0.00 +149.49 +0.19 +0.00 +0.00 +3.08 +0.15 +0.00 +0.00 1.86 -15.66 134.02 137.25 

297 Normal Zone 2.41 1.86 0.00 0.00 +2.05 +0.04 +0.00 +0.00 +1.62 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 4.27 6.36 8.17 8.32 

298 Normal Zone 1.25 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.15 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 3.11 3.15 3.49 3.64 

299 Normal Zone 14.93 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +6.50 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 16.79 16.83 23.52 23.67 

300 Normal Zone 16.81 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +3.61 +0.19 +0.00 +0.00 +4.19 +0.15 +0.00 +0.00 18.67 18.71 22.51 26.85 

301 High Zone 0.00 0.00 1.49 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.05 +0.01 2.74 2.74 2.74 2.80 

302 Normal Zone 28.92 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +1.26 +0.19 +0.00 +0.00 +0.06 +0.15 +0.00 +0.00 30.78 30.82 32.27 32.48 

303 Normal Zone 20.43 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +3.04 +0.15 +0.00 +0.00 22.29 22.33 22.52 25.71 

304 Normal Zone 6.59 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 8.45 8.49 8.68 8.83 

305 Normal Zone 22.41 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.01 +0.19 +0.00 +0.00 +5.73 +0.15 +0.00 +0.00 24.27 24.31 24.51 30.39 

307 Normal Zone 24.30 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.07 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 26.16 26.20 26.46 26.61 

308 High Zone 0.00 0.00 1.83 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 3.08 3.08 3.08 3.09 

309 Normal Zone 44.35 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 46.21 46.25 46.44 46.59 

310 High Zone 0.00 0.00 11.64 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 +0.00 +0.00 +0.00 +0.00 +0.01 12.89 12.89 12.90 12.91 

311 Normal Zone 4.20 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.05 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 6.06 6.10 6.34 6.49 

312 Normal Zone 18.40 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +2.21 +0.15 +0.00 +0.00 20.26 20.30 20.49 22.85 

313 Normal Zone 12.81 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 14.67 14.71 14.90 15.05 

314 High Zone 0.00 0.00 9.61 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.09 +0.00 +0.00 +0.00 +0.00 +0.01 10.86 10.86 10.95 10.96 

315 High Zone 0.00 0.00 0.38 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.00 +0.01 1.63 1.63 1.67 1.68 

316 Normal Zone 4.41 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 6.27 6.31 6.50 6.65 

317 Normal Zone 16.15 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 18.01 18.05 18.24 18.39 

318 High Zone 0.00 0.00 31.33 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.85 +0.01 32.58 32.58 32.58 33.44 

319 Normal Zone 4.51 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.02 +0.19 +0.00 +0.00 +10.12 +0.15 +0.00 +0.00 6.37 6.41 6.62 16.89 

320 Normal Zone 50.17 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 52.03 52.07 52.26 52.41 

321 Normal Zone 1.22 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.06 +0.15 +0.00 +0.00 3.08 3.12 3.31 3.52 

322 Normal Zone 7.05 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +1.16 +0.19 +0.00 +0.00 +2.59 +0.15 +0.00 +0.00 8.91 8.95 10.30 13.04 

323 High Zone 0.00 0.00 13.45 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.07 +0.00 +0.00 +0.00 +0.00 +0.01 14.70 14.70 14.77 14.78 

324 Normal Zone 46.44 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.04 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 48.30 48.34 48.57 48.72 

325 Normal Zone 4.51 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.07 +0.19 +0.00 +0.00 +0.36 +0.15 +0.00 +0.00 6.37 6.41 6.67 7.18 

326 High Zone 0.00 0.00 2.35 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 +0.00 +0.00 +0.00 +0.00 +0.01 3.60 3.60 3.61 3.62 
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    2007 Base Demands (gpm) 2010 Demand Change (gpm) 2015 Demand Change (gpm) 2030 Demand Change (gpm) Planning Year Demand Totals (gpm) 

Model ID Pressure 
Zone 

Normal 
Zone 
(2007) 

NRW 
Normal 
(2007) 

High Zone 
(2007) 

NRW High 
(2007) 

Normal Zone 
(2010) 

NRW Normal 
(2010) 

High Zone 
(2010) 

NRW High 
(2010) 

Normal 
Zone (2015) 

NRW 
Normal 
(2015) 

High Zone 
(2015) 

NRW High 
(2015) 

Normal 
Zone (2030) 

NRW 
Normal 
(2030) 

High 
Zone 
(2030) 

NRW High 
(2030) 2007 2010 2015 2030 

N_2007 NRN_2007 H_2007 NR_H_2007 N_2010 NRW_N_2010 H_2010 NR_H_2010 N_2015 NR_N_2015 H_2015 NR_H_2015 N_2030 NR_N_2030 H_2030 NR_H_2030 2007_Tot 2010_Tot 2015_Tot 2030_Tot 

327 Normal Zone 3.47 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 5.33 5.37 5.56 5.71 

328 Normal Zone 24.66 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.05 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 26.52 26.56 26.80 26.95 

329 Normal Zone 7.15 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 9.01 9.05 9.24 9.39 

330 High Zone 0.00 0.00 12.46 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.00 +0.01 13.71 13.71 13.75 13.76 

331 Normal Zone 28.58 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 30.44 30.48 30.67 30.82 

332 Normal Zone 11.77 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.13 +0.15 +0.00 +0.00 13.63 13.67 13.86 14.14 

333 Normal Zone 36.73 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 38.59 38.63 38.82 38.97 

334 Normal Zone 0.00 0.00 0.00 0.00 +10.46 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 0.00 10.46 10.46 10.46 

335 Normal Zone 13.48 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 15.34 15.38 15.57 15.72 

336 Normal Zone 10.45 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 12.31 12.35 12.54 12.69 

337 High Zone 0.00 0.00 8.57 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 9.82 9.82 9.82 9.83 

338 Normal Zone 33.67 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.04 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 35.53 35.57 35.80 35.95 

339 Normal Zone 0.00 0.00 0.00 0.00 +0.02 +0.00 +0.00 +0.00 +0.05 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 0.00 0.02 0.07 0.07 

340 Normal Zone 16.21 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.02 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 18.07 18.11 18.32 18.47 

341 Normal Zone 22.98 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 24.84 24.88 25.07 25.22 

342 Normal Zone 0.11 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 1.97 2.01 2.20 2.35 

343 Normal Zone 9.70 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 11.56 11.60 11.79 11.94 

344 Normal Zone 12.72 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 14.58 14.62 14.81 14.96 

345 Normal Zone 11.80 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 13.66 13.70 13.89 14.04 

346 Normal Zone 13.83 1.86 0.00 0.00 -0.16  +0.04 +0.00 +0.00 +31.33 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 15.69 15.57 47.09 47.24 

347 High Zone 0.00 0.00 7.70 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.00 +0.01 8.95 8.95 8.99 9.00 

348 Normal Zone 32.19 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 34.05 34.09 34.28 34.43 

349 Normal Zone 195.33 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 197.19 197.23 197.42 197.57 

350 Normal Zone 11.38 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 13.24 13.28 13.47 13.62 

351 Normal Zone 34.64 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 36.50 36.54 36.73 36.88 

352 High Zone 0.00 0.00 31.20 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 32.45 32.45 32.45 32.46 

353 Normal Zone 1.48 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 -0.21  +0.19 +0.00 +0.00 +5.73 +0.15 +0.00 +0.00 3.34 3.38 3.36 9.24 

354 Normal Zone 7.35 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 9.21 9.25 9.44 9.59 

355 Normal Zone 11.52 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.05 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 13.38 13.42 13.66 13.81 

356 Normal Zone 2.81 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 4.67 4.71 4.90 5.05 

357 High Zone 0.00 0.00 0.00 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.02 +0.00 +0.00 +0.00 +0.00 +0.01 1.25 1.25 1.27 1.28 

358 Normal Zone 19.40 1.86 0.00 0.00 +0.71 +0.04 +0.00 +0.00 +0.05 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 21.26 22.01 22.25 22.40 

359 Normal Zone 9.39 1.86 0.00 0.00 +1.47 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 11.25 12.76 12.95 13.10 

360 Normal Zone 24.56 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 26.42 26.46 26.65 26.80 

361 Normal Zone 3.93 1.86 0.00 0.00 -0.03  +0.04 +0.00 +0.00 -1.14  +0.19 +0.00 +0.00 +13.14 +0.15 +0.00 +0.00 5.79 5.80 4.85 18.14 

362 Normal Zone 4.39 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.15 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 6.25 6.29 6.63 6.78 

363 Normal Zone 2.31 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.12 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 4.17 4.21 4.52 4.67 

364 Normal Zone 32.42 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 34.28 34.32 34.51 34.66 

365 Normal Zone 15.91 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 17.77 17.81 18.00 18.15 

366 High Zone 0.00 0.00 5.13 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 6.38 6.38 6.38 6.39 

367 High Zone 0.00 0.00 6.98 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 8.23 8.23 8.23 8.24 
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    2007 Base Demands (gpm) 2010 Demand Change (gpm) 2015 Demand Change (gpm) 2030 Demand Change (gpm) Planning Year Demand Totals (gpm) 

Model ID Pressure 
Zone 

Normal 
Zone 
(2007) 

NRW 
Normal 
(2007) 

High Zone 
(2007) 

NRW High 
(2007) 

Normal Zone 
(2010) 

NRW Normal 
(2010) 

High Zone 
(2010) 

NRW High 
(2010) 

Normal 
Zone (2015) 

NRW 
Normal 
(2015) 

High Zone 
(2015) 

NRW High 
(2015) 

Normal 
Zone (2030) 

NRW 
Normal 
(2030) 

High 
Zone 
(2030) 

NRW High 
(2030) 2007 2010 2015 2030 

N_2007 NRN_2007 H_2007 NR_H_2007 N_2010 NRW_N_2010 H_2010 NR_H_2010 N_2015 NR_N_2015 H_2015 NR_H_2015 N_2030 NR_N_2030 H_2030 NR_H_2030 2007_Tot 2010_Tot 2015_Tot 2030_Tot 

368 Normal Zone 0.00 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +5.93 +0.15 +0.00 +0.00 1.86 1.90 2.09 8.17 

369 Normal Zone 3.32 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 5.18 5.22 5.41 5.56 

370 High Zone 0.00 0.00 3.29 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 4.54 4.54 4.54 4.55 

371 Normal Zone 19.56 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 21.42 21.46 21.65 21.80 

372 Normal Zone 15.27 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 17.13 17.17 17.36 17.51 

374 Normal Zone 18.26 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.18 +0.15 +0.00 +0.00 20.12 20.16 20.35 20.68 

375 Normal Zone 44.65 1.86 0.00 0.00 +13.36 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +2.65 +0.15 +0.00 +0.00 46.51 59.91 60.10 62.90 

376 Normal Zone 1.60 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 3.46 3.50 3.69 3.84 

377 Normal Zone 8.38 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.09 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 10.24 10.28 10.56 10.71 

378 Normal Zone 8.94 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 10.80 10.84 11.03 11.18 

379 Normal Zone 33.83 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.40 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 35.69 35.73 36.32 36.47 

380 Normal Zone 12.87 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 14.73 14.77 14.96 15.11 

381 Normal Zone 14.49 1.86 0.00 0.00 -2.20  +0.04 +0.00 +0.00 +2.55 +0.19 +0.00 +0.00 +0.21 +0.15 +0.00 +0.00 16.35 14.19 16.93 17.29 

382 Normal Zone 19.87 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.08 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 21.73 21.77 22.04 22.19 

383 High Zone 0.00 0.00 8.96 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.10 +0.00 +0.00 +0.00 +0.00 +0.01 10.21 10.21 10.31 10.32 

384 High Zone 0.00 0.00 43.08 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.05 +0.00 +0.00 +0.00 +0.00 +0.01 44.33 44.33 44.38 44.39 

385 Normal Zone 18.19 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.14 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 20.05 20.09 20.42 20.57 

386 Normal Zone 27.04 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 28.90 28.94 29.13 29.28 

387 Normal Zone 8.68 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 10.54 10.58 10.77 10.92 

388 Normal Zone 3.41 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.18 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 5.27 5.31 5.68 5.83 

389 High Zone 0.00 0.00 9.06 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 +0.00 +0.00 +0.00 +0.00 +0.01 10.31 10.31 10.32 10.33 

390 Normal Zone 26.50 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 28.36 28.40 28.59 28.74 

391 Normal Zone 13.25 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 15.11 15.15 15.34 15.49 

392 Normal Zone 30.83 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 32.69 32.73 32.92 33.07 

393 Normal Zone 7.22 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.06 +0.15 +0.00 +0.00 9.08 9.12 9.31 9.52 

394 Normal Zone 5.96 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 7.82 7.86 8.05 8.20 

395 High Zone 0.00 0.00 11.65 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 12.90 12.90 12.90 12.91 

396 Normal Zone 2.07 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 3.93 3.97 4.16 4.31 

397 Normal Zone 3.69 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.03 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 5.55 5.59 5.81 5.96 

398 Normal Zone 5.88 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 7.74 7.78 7.97 8.12 

399 Normal Zone 9.28 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.03 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 11.14 11.18 11.40 11.55 

400 Normal Zone 36.26 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.12 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 38.12 38.16 38.47 38.62 

401 Normal Zone 18.75 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.08 +0.15 +0.00 +0.00 20.61 20.65 20.84 21.07 

402 Normal Zone 7.28 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.38 +0.15 +0.00 +0.00 9.14 9.18 9.37 9.90 

403 Normal Zone 10.03 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.20 +0.15 +0.00 +0.00 11.89 11.93 12.12 12.47 

404 Normal Zone 6.69 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 -2.41  +0.19 +0.00 +0.00 +6.18 +0.15 +0.00 +0.00 8.55 8.59 6.37 12.70 

405 Normal Zone 10.50 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 12.36 12.40 12.59 12.74 

406 Normal Zone 23.72 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 25.58 25.62 25.81 25.96 

407 Normal Zone 59.26 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.92 +0.19 +0.00 +0.00 +3.74 +0.15 +0.00 +0.00 61.12 61.16 62.27 66.16 

408 Normal Zone 35.18 1.86 0.00 0.00 +1.13 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 37.04 38.21 38.40 38.55 

409 Normal Zone 20.46 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.11 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 22.32 22.36 22.66 22.81 

410 Normal Zone 26.08 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 27.94 27.98 28.17 28.32 
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    2007 Base Demands (gpm) 2010 Demand Change (gpm) 2015 Demand Change (gpm) 2030 Demand Change (gpm) Planning Year Demand Totals (gpm) 

Model ID Pressure 
Zone 

Normal 
Zone 
(2007) 

NRW 
Normal 
(2007) 

High Zone 
(2007) 

NRW High 
(2007) 

Normal Zone 
(2010) 

NRW Normal 
(2010) 

High Zone 
(2010) 

NRW High 
(2010) 

Normal 
Zone (2015) 

NRW 
Normal 
(2015) 

High Zone 
(2015) 

NRW High 
(2015) 

Normal 
Zone (2030) 

NRW 
Normal 
(2030) 

High 
Zone 
(2030) 

NRW High 
(2030) 2007 2010 2015 2030 

N_2007 NRN_2007 H_2007 NR_H_2007 N_2010 NRW_N_2010 H_2010 NR_H_2010 N_2015 NR_N_2015 H_2015 NR_H_2015 N_2030 NR_N_2030 H_2030 NR_H_2030 2007_Tot 2010_Tot 2015_Tot 2030_Tot 

411 Normal Zone 10.03 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 11.89 11.93 12.12 12.27 

412 Normal Zone 43.11 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.84 +0.15 +0.00 +0.00 44.97 45.01 45.20 46.19 

413 Normal Zone 71.84 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +2.16 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 73.70 73.74 76.09 76.24 

414 Normal Zone 11.94 1.86 0.00 0.00 +0.39 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.08 +0.15 +0.00 +0.00 13.80 14.23 14.42 14.65 

415 Normal Zone 18.24 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 20.10 20.14 20.33 20.48 

416 Normal Zone 24.45 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.05 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 26.31 26.35 26.59 26.74 

417 Normal Zone 6.57 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 8.43 8.47 8.66 8.81 

418 Normal Zone 26.79 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 28.65 28.69 28.88 29.03 

419 Normal Zone 4.40 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.09 +0.15 +0.00 +0.00 6.26 6.30 6.49 6.73 

420 High Zone 0.00 0.00 24.33 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.31 +0.01 25.58 25.58 25.58 25.90 

421 Normal Zone 53.27 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 55.13 55.17 55.36 55.51 

422 Normal Zone 12.26 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 14.12 14.16 14.35 14.50 

423 Normal Zone 18.63 1.86 0.00 0.00 +7.90 +0.04 +0.00 +0.00 +6.25 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 20.49 28.43 34.87 35.02 

424 Normal Zone 37.67 1.86 0.00 0.00 +11.15 +0.04 +0.00 +0.00 +0.14 +0.19 +0.00 +0.00 +2.75 +0.15 +0.00 +0.00 39.53 50.72 51.05 53.95 

425 Normal Zone 4.59 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.03 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 6.45 6.49 6.71 6.86 

426 Normal Zone 19.51 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 21.37 21.41 21.60 21.75 

427 Normal Zone 48.33 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 -0.39  +0.15 +0.00 +0.00 50.19 50.23 50.42 50.18 

428 Normal Zone 32.08 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +4.11 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 33.94 33.98 38.28 38.43 

430 Normal Zone 11.97 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 13.83 13.87 14.06 14.21 

431 Normal Zone 10.51 1.86 0.00 0.00 -0.41  +0.04 +0.00 +0.00 +6.61 +0.19 +0.00 +0.00 +9.40 +0.15 +0.00 +0.00 12.37 12.00 18.80 28.35 

432 High Zone 0.00 0.00 2.43 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.02 +0.00 +0.00 +0.00 +0.00 +0.01 3.68 3.68 3.70 3.71 

433 Normal Zone 21.80 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 23.66 23.70 23.89 24.04 

434 Normal Zone 4.69 1.86 0.00 0.00 +0.22 +0.04 +0.00 +0.00 +0.18 +0.19 +0.00 +0.00 +0.03 +0.15 +0.00 +0.00 6.55 6.81 7.18 7.36 

435 Normal Zone 21.13 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 22.99 23.03 23.22 23.37 

436 Normal Zone 10.72 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +1.16 +0.15 +0.00 +0.00 12.58 12.62 12.81 14.12 

437 High Zone 0.00 0.00 3.38 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 4.63 4.63 4.63 4.64 

438 Normal Zone 23.11 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 24.97 25.01 25.20 25.35 

439 High Zone 0.00 0.00 21.72 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 22.97 22.97 22.97 22.98 

440 High Zone 0.00 0.00 13.63 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.02 +0.00 +0.00 +0.00 +0.00 +0.01 14.88 14.88 14.90 14.91 

441 Normal Zone 16.36 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +96.96 +0.19 +0.00 +0.00 +39.27 +0.15 +0.00 +0.00 18.22 18.26 115.41 154.83 

442 Normal Zone 0.13 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +7.43 +0.15 +0.00 +0.00 1.99 2.03 2.22 9.80 

443 Normal Zone 8.11 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.16 +0.15 +0.00 +0.00 9.97 10.01 10.20 10.51 

444 Normal Zone 31.23 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 33.09 33.13 33.32 33.47 

445 Normal Zone 17.36 1.86 0.00 0.00 +3.06 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 19.22 22.32 22.51 22.66 

446 Normal Zone 14.10 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 15.96 16.00 16.19 16.34 

447 Normal Zone 38.89 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +49.65 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 40.75 40.79 90.63 90.78 

448 Normal Zone 22.42 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 24.28 24.32 24.51 24.66 

449 Normal Zone 12.72 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +1.18 +0.19 +0.00 +0.00 +0.36 +0.15 +0.00 +0.00 14.58 14.62 15.99 16.50 

450 Normal Zone 35.57 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.11 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 37.43 37.47 37.77 37.92 

451 Normal Zone 12.51 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 14.37 14.41 14.60 14.75 

452 Normal Zone 128.03 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 129.89 129.93 130.12 130.27 
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    2007 Base Demands (gpm) 2010 Demand Change (gpm) 2015 Demand Change (gpm) 2030 Demand Change (gpm) Planning Year Demand Totals (gpm) 

Model ID Pressure 
Zone 

Normal 
Zone 
(2007) 

NRW 
Normal 
(2007) 

High Zone 
(2007) 

NRW High 
(2007) 

Normal Zone 
(2010) 

NRW Normal 
(2010) 

High Zone 
(2010) 

NRW High 
(2010) 

Normal 
Zone (2015) 

NRW 
Normal 
(2015) 

High Zone 
(2015) 

NRW High 
(2015) 

Normal 
Zone (2030) 

NRW 
Normal 
(2030) 

High 
Zone 
(2030) 

NRW High 
(2030) 2007 2010 2015 2030 

N_2007 NRN_2007 H_2007 NR_H_2007 N_2010 NRW_N_2010 H_2010 NR_H_2010 N_2015 NR_N_2015 H_2015 NR_H_2015 N_2030 NR_N_2030 H_2030 NR_H_2030 2007_Tot 2010_Tot 2015_Tot 2030_Tot 

453 Normal Zone 1.94 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.98 +0.15 +0.00 +0.00 3.80 3.84 4.03 5.16 

454 Normal Zone 35.26 1.86 0.00 0.00 +1.74 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.51 +0.15 +0.00 +0.00 37.12 38.90 39.09 39.75 

455 Normal Zone 20.22 1.86 0.00 0.00 +7.97 +0.04 +0.00 +0.00 +4.61 +0.19 +0.00 +0.00 -0.06  +0.15 +0.00 +0.00 22.08 30.09 34.89 34.98 

456 Normal Zone 29.33 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 31.19 31.23 31.42 31.57 

457 Normal Zone 8.80 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 10.66 10.70 10.89 11.04 

458 Normal Zone 34.38 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.15 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 36.24 36.28 36.62 36.77 

459 Normal Zone 16.35 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.09 +0.15 +0.00 +0.00 18.21 18.25 18.44 18.68 

460 Normal Zone 22.05 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 23.91 23.95 24.14 24.29 

461 Normal Zone 35.01 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 36.87 36.91 37.10 37.25 

462 Normal Zone 7.86 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 9.72 9.76 9.95 10.10 

463 Normal Zone 15.02 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 16.88 16.92 17.11 17.26 

464 Normal Zone 15.33 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.02 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 17.19 17.23 17.44 17.59 

465 Normal Zone 8.93 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 10.79 10.83 11.02 11.17 

466 Normal Zone 3.79 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 -0.48  +0.19 +0.00 +0.00 +7.85 +0.15 +0.00 +0.00 5.65 5.69 5.40 13.40 

467 Normal Zone 8.42 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 10.28 10.32 10.51 10.66 

468 Normal Zone 21.91 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 23.77 23.81 24.00 24.15 

469 Normal Zone 6.40 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 8.26 8.30 8.49 8.64 

470 Normal Zone 17.81 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.72 +0.15 +0.00 +0.00 19.67 19.71 19.90 20.77 

471 High Zone 0.00 0.00 15.14 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.05 +0.00 +0.00 +0.00 +0.00 +0.01 16.39 16.39 16.44 16.45 

472 High Zone 0.00 0.00 15.13 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.41 +0.01 16.38 16.38 16.38 16.80 

473 High Zone 0.00 0.00 6.98 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.03 +0.00 +0.00 +0.00 +0.00 +0.01 8.23 8.23 8.26 8.27 

474 Normal Zone 134.34 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +1.82 +0.15 +0.00 +0.00 136.20 136.24 136.43 138.40 

475 High Zone 0.00 0.00 8.02 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.12 +0.00 +0.00 +0.00 +7.52 +0.01 9.27 9.27 9.39 16.92 

476 Normal Zone 19.74 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 21.60 21.64 21.83 21.98 

477 Normal Zone 26.12 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.27 +0.15 +0.00 +0.00 27.98 28.02 28.21 28.63 

478 High Zone 0.00 0.00 5.24 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.14 +0.00 +0.00 +0.00 +0.00 +0.01 6.49 6.49 6.63 6.64 

479 High Zone 0.00 0.00 11.60 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.08 +0.00 +0.00 +0.00 +0.00 +0.01 12.85 12.85 12.93 12.94 

480 Normal Zone 35.92 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +2.27 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 37.78 37.82 40.28 40.43 

481 Normal Zone 6.40 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 8.26 8.30 8.49 8.64 

482 Normal Zone 7.10 1.86 0.00 0.00 +17.46 +0.04 +0.00 +0.00 +4.96 +0.19 +0.00 +0.00 +12.74 +0.15 +0.00 +0.00 8.96 26.46 31.61 44.50 

483 High Zone 0.00 0.00 4.65 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.07 +0.00 +0.00 +0.00 +0.00 +0.01 5.90 5.90 5.97 5.98 

484 Normal Zone 16.99 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.45 +0.15 +0.00 +0.00 18.85 18.89 19.08 19.68 

485 High Zone 0.00 0.00 26.53 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.09 +0.00 +0.00 +0.00 +0.00 +0.01 27.78 27.78 27.87 27.88 

486 Normal Zone 0.77 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 2.63 2.67 2.86 3.01 

487 High Zone 0.00 0.00 15.81 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.07 +0.00 +0.00 +0.00 +0.00 +0.01 17.06 17.06 17.13 17.14 

488 Normal Zone 6.53 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.04 +0.15 +0.00 +0.00 8.39 8.43 8.62 8.81 

489 High Zone 0.00 0.00 18.77 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.13 +0.00 +0.00 +0.00 +0.00 +0.01 20.02 20.02 20.15 20.16 

490 High Zone 0.00 0.00 3.85 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 5.10 5.10 5.10 5.11 

491 Normal Zone 18.97 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.61 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 20.83 20.87 21.67 21.82 

492 Normal Zone 17.20 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 19.06 19.10 19.29 19.44 

493 Normal Zone 0.00 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +12.49 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 1.86 1.90 14.58 14.73 

494 Normal Zone 26.09 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.04 +0.19 +0.00 +0.00 +0.35 +0.15 +0.00 +0.00 27.95 27.99 28.22 28.72 
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    2007 Base Demands (gpm) 2010 Demand Change (gpm) 2015 Demand Change (gpm) 2030 Demand Change (gpm) Planning Year Demand Totals (gpm) 

Model ID Pressure 
Zone 

Normal 
Zone 
(2007) 

NRW 
Normal 
(2007) 

High Zone 
(2007) 

NRW High 
(2007) 

Normal Zone 
(2010) 

NRW Normal 
(2010) 

High Zone 
(2010) 

NRW High 
(2010) 

Normal 
Zone (2015) 

NRW 
Normal 
(2015) 

High Zone 
(2015) 

NRW High 
(2015) 

Normal 
Zone (2030) 

NRW 
Normal 
(2030) 

High 
Zone 
(2030) 

NRW High 
(2030) 2007 2010 2015 2030 

N_2007 NRN_2007 H_2007 NR_H_2007 N_2010 NRW_N_2010 H_2010 NR_H_2010 N_2015 NR_N_2015 H_2015 NR_H_2015 N_2030 NR_N_2030 H_2030 NR_H_2030 2007_Tot 2010_Tot 2015_Tot 2030_Tot 

495 Normal Zone 0.73 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 2.59 2.63 2.82 2.97 

496 Normal Zone 17.38 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.04 +0.19 +0.00 +0.00 +0.44 +0.15 +0.00 +0.00 19.24 19.28 19.51 20.10 

497 Normal Zone 8.51 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +5.79 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 10.37 10.41 16.39 16.54 

498 Normal Zone 26.58 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +8.16 +0.15 +0.00 +0.00 28.44 28.48 28.67 36.98 

499 Normal Zone 11.80 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.26 +0.15 +0.00 +0.00 13.66 13.70 13.89 14.30 

500 Normal Zone 33.41 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 35.27 35.31 35.50 35.65 

501 Normal Zone 19.37 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 21.23 21.27 21.46 21.61 

502 Normal Zone 2.16 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +4.99 +0.19 +0.00 +0.00 +29.45 +0.15 +0.00 +0.00 4.02 4.06 9.24 38.84 

503 Normal Zone 21.12 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 22.98 23.02 23.21 23.36 

504 Normal Zone 10.11 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.03 +0.15 +0.00 +0.00 11.97 12.01 12.20 12.38 

505 Normal Zone 4.47 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.01 +0.15 +0.00 +0.00 6.33 6.37 6.56 6.72 

506 Normal Zone 0.00 1.86 0.00 0.00 +1.57 +0.04 +0.00 +0.00 -1.90  +0.19 +0.00 +0.00 +7.83 +0.15 +0.00 +0.00 1.86 3.47 1.76 9.74 

507 Normal Zone 5.47 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.48 +0.15 +0.00 +0.00 7.33 7.37 7.56 8.19 

508 Normal Zone 18.88 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.08 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 20.74 20.78 21.05 21.20 

509 Normal Zone 9.54 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.04 +0.19 +0.00 +0.00 +1.62 +0.15 +0.00 +0.00 11.40 11.44 11.67 13.44 

510 High Zone 0.00 0.00 19.09 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.06 +0.00 +0.00 +0.00 +0.00 +0.01 20.34 20.34 20.40 20.41 

511 Normal Zone 27.02 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.02 +0.15 +0.00 +0.00 28.88 28.92 29.11 29.28 

512 Normal Zone 12.02 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 13.88 13.92 14.11 14.26 

513 High Zone 0.00 0.00 3.71 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.08 +0.00 +0.00 +0.00 +0.00 +0.01 4.96 4.96 5.04 5.05 

514 Normal Zone 39.59 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.08 +0.15 +0.00 +0.00 41.45 41.49 41.68 41.91 

515 Normal Zone 16.05 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.11 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 17.91 17.95 18.25 18.40 

516 Normal Zone 15.55 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.95 +0.15 +0.00 +0.00 17.41 17.45 17.64 18.74 

517 High Zone 0.00 0.00 4.34 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 5.59 5.59 5.59 5.60 

518 Normal Zone 10.21 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.07 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 12.07 12.11 12.37 12.52 

520 Normal Zone 14.23 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.07 +0.15 +0.00 +0.00 16.09 16.13 16.32 16.54 

521 Normal Zone 0.43 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.13 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 2.29 2.33 2.65 2.80 

522 Normal Zone 1.44 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 3.30 3.34 3.53 3.68 

523 Normal Zone 5.91 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.08 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 7.77 7.81 8.08 8.23 

524 Normal Zone 16.59 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.09 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 18.45 18.49 18.77 18.92 

525 Normal Zone 92.76 1.86 0.00 0.00 +0.58 +0.04 +0.00 +0.00 -2.99  +0.19 +0.00 +0.00 +12.29 +0.15 +0.00 +0.00 94.62 95.24 92.44 104.88 

526 Normal Zone 57.12 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.87 +0.15 +0.00 +0.00 58.98 59.02 59.21 60.23 

527 Normal Zone 15.24 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 17.10 17.14 17.33 17.48 

528 Normal Zone 21.64 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 23.50 23.54 23.73 23.88 

529 Normal Zone 11.06 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.07 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 12.92 12.96 13.22 13.37 

530 Normal Zone 11.61 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.70 +0.15 +0.00 +0.00 13.47 13.51 13.70 14.55 

531 Normal Zone 31.47 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.09 +0.15 +0.00 +0.00 33.33 33.37 33.56 33.80 

532 Normal Zone 11.49 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.04 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 13.35 13.39 13.62 13.77 

533 High Zone 0.00 0.00 18.06 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 19.31 19.31 19.31 19.32 

534 High Zone 0.00 0.00 8.66 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.00 +0.01 9.91 9.91 9.95 9.96 

535 Normal Zone 9.32 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 11.18 11.22 11.41 11.56 

536 Normal Zone 9.25 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 11.11 11.15 11.34 11.49 
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    2007 Base Demands (gpm) 2010 Demand Change (gpm) 2015 Demand Change (gpm) 2030 Demand Change (gpm) Planning Year Demand Totals (gpm) 

Model ID Pressure 
Zone 

Normal 
Zone 
(2007) 

NRW 
Normal 
(2007) 

High Zone 
(2007) 

NRW High 
(2007) 

Normal Zone 
(2010) 

NRW Normal 
(2010) 

High Zone 
(2010) 

NRW High 
(2010) 

Normal 
Zone (2015) 

NRW 
Normal 
(2015) 

High Zone 
(2015) 

NRW High 
(2015) 

Normal 
Zone (2030) 

NRW 
Normal 
(2030) 

High 
Zone 
(2030) 

NRW High 
(2030) 2007 2010 2015 2030 

N_2007 NRN_2007 H_2007 NR_H_2007 N_2010 NRW_N_2010 H_2010 NR_H_2010 N_2015 NR_N_2015 H_2015 NR_H_2015 N_2030 NR_N_2030 H_2030 NR_H_2030 2007_Tot 2010_Tot 2015_Tot 2030_Tot 

537 Normal Zone 17.79 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 19.65 19.69 19.88 20.03 

538 Normal Zone 4.30 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 6.16 6.20 6.39 6.54 

539 Normal Zone 14.15 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +7.88 +0.15 +0.00 +0.00 16.01 16.05 16.24 24.27 

540 Normal Zone 19.50 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +4.45 +0.15 +0.00 +0.00 21.36 21.40 21.59 26.19 

541 Normal Zone 17.55 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.78 +0.15 +0.00 +0.00 19.41 19.45 19.64 20.57 

542 Normal Zone 25.23 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +95.76 +0.19 +0.00 +0.00 +28.45 +0.15 +0.00 +0.00 27.09 27.13 123.08 151.68 

543 Normal Zone 20.67 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +2.34 +0.15 +0.00 +0.00 22.53 22.57 22.76 25.25 

544 Normal Zone 6.17 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.09 +0.19 +0.00 +0.00 +6.16 +0.15 +0.00 +0.00 8.03 8.07 8.35 14.66 

545 Normal Zone 14.79 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.03 +0.19 +0.00 +0.00 +19.68 +0.15 +0.00 +0.00 16.65 16.69 16.91 36.74 

546 Normal Zone 23.93 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 25.79 25.83 26.02 26.17 

547 Normal Zone 12.90 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.26 +0.15 +0.00 +0.00 14.76 14.80 14.99 15.40 

548 Normal Zone 13.87 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 15.73 15.77 15.96 16.11 

549 Normal Zone 10.71 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 12.57 12.61 12.80 12.95 

550 Normal Zone 24.36 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 26.22 26.26 26.45 26.60 

551 Normal Zone 15.56 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.42 +0.15 +0.00 +0.00 17.42 17.46 17.65 18.22 

552 Normal Zone 17.03 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 18.89 18.93 19.12 19.27 

553 Normal Zone 7.07 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 8.93 8.97 9.16 9.31 

554 Normal Zone 52.50 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +11.51 +0.19 +0.00 +0.00 +0.45 +0.15 +0.00 +0.00 54.36 54.40 66.10 66.70 

555 Normal Zone 0.00 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.61 +0.15 +0.00 +0.00 1.86 1.90 2.09 2.85 

556 Normal Zone 16.06 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.03 +0.15 +0.00 +0.00 17.92 17.96 18.15 18.33 

557 Normal Zone 1.25 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.01 +0.15 +0.00 +0.00 3.11 3.15 3.34 3.50 

558 Normal Zone 11.80 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 13.66 13.70 13.89 14.04 

559 Normal Zone 11.59 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.08 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 13.45 13.49 13.76 13.91 

560 Normal Zone 17.07 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.02 +0.19 +0.00 +0.00 +0.86 +0.15 +0.00 +0.00 18.93 18.97 19.18 20.19 

561 Normal Zone 34.69 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +1.49 +0.19 +0.00 +0.00 +2.26 +0.15 +0.00 +0.00 36.55 36.59 38.27 40.68 

562 High Zone 0.00 0.00 23.22 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 24.47 24.47 24.47 24.48 

563 Normal Zone 28.60 1.86 0.00 0.00 -1.41  +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 30.46 29.09 29.28 29.43 

564 High Zone 0.00 0.00 0.11 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.02 +0.00 +0.00 +0.00 +0.00 +0.01 1.36 1.36 1.38 1.39 

565 High Zone 0.00 0.00 19.24 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.09 +0.00 +0.00 +0.00 +0.00 +0.01 20.49 20.49 20.58 20.59 

566 Normal Zone 8.96 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.01 +0.15 +0.00 +0.00 10.82 10.86 11.05 11.21 

567 Normal Zone 9.96 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 11.82 11.86 12.05 12.20 

568 Normal Zone 26.67 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 28.53 28.57 28.76 28.91 

569 Normal Zone 30.08 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 31.94 31.98 32.17 32.32 

570 Normal Zone 8.07 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +1.33 +0.15 +0.00 +0.00 9.93 9.97 10.16 11.64 

571 Normal Zone 16.91 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 18.77 18.81 19.00 19.15 

572 Normal Zone 13.14 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.26 +0.15 +0.00 +0.00 15.00 15.04 15.23 15.64 

573 High Zone 0.00 0.00 3.36 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.03 +0.00 +0.00 +0.00 +0.00 +0.01 4.61 4.61 4.64 4.65 

574 Normal Zone 15.20 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.05 +0.15 +0.00 +0.00 17.06 17.10 17.29 17.49 

575 Normal Zone 17.07 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 18.93 18.97 19.16 19.31 

576 Normal Zone 11.13 1.86 0.00 0.00 +0.95 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 12.99 13.98 14.17 14.32 

577 Normal Zone 29.08 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 30.94 30.98 31.17 31.32 

578 Normal Zone 17.87 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 19.73 19.77 19.96 20.11 



 



  APPENDIX I 
 City of Bloomington Hydraulic Model Node Demands  

 

Black & Veatch January 2011 Page  I-8 

    2007 Base Demands (gpm) 2010 Demand Change (gpm) 2015 Demand Change (gpm) 2030 Demand Change (gpm) Planning Year Demand Totals (gpm) 

Model ID Pressure 
Zone 

Normal 
Zone 
(2007) 

NRW 
Normal 
(2007) 

High Zone 
(2007) 

NRW High 
(2007) 

Normal Zone 
(2010) 

NRW Normal 
(2010) 

High Zone 
(2010) 

NRW High 
(2010) 

Normal 
Zone (2015) 

NRW 
Normal 
(2015) 

High Zone 
(2015) 

NRW High 
(2015) 

Normal 
Zone (2030) 

NRW 
Normal 
(2030) 

High 
Zone 
(2030) 

NRW High 
(2030) 2007 2010 2015 2030 

N_2007 NRN_2007 H_2007 NR_H_2007 N_2010 NRW_N_2010 H_2010 NR_H_2010 N_2015 NR_N_2015 H_2015 NR_H_2015 N_2030 NR_N_2030 H_2030 NR_H_2030 2007_Tot 2010_Tot 2015_Tot 2030_Tot 

579 Normal Zone 38.50 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.05 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 40.36 40.40 40.64 40.79 

580 High Zone 0.00 0.00 3.29 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.02 +0.00 +0.00 +0.00 +0.00 +0.01 4.54 4.54 4.56 4.57 

581 Normal Zone 4.23 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.03 +0.15 +0.00 +0.00 6.09 6.13 6.32 6.50 

582 High Zone 0.00 0.00 10.23 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.05 +0.00 +0.00 +0.00 +0.00 +0.01 11.48 11.48 11.53 11.54 

583 Normal Zone 8.83 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +4.92 +0.15 +0.00 +0.00 10.69 10.73 10.92 15.99 

584 Normal Zone 8.95 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 10.81 10.85 11.04 11.19 

585 Normal Zone 12.54 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.03 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 14.40 14.44 14.66 14.81 

586 High Zone 0.00 0.00 0.49 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.00 +0.01 1.74 1.74 1.78 1.79 

587 High Zone 0.00 0.00 24.79 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 +0.01 26.04 26.04 26.04 26.06 

588 Normal Zone 1.91 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.14 +0.15 +0.00 +0.00 3.77 3.81 4.00 4.29 

589 Normal Zone 16.23 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 18.09 18.13 18.32 18.47 

590 Normal Zone 29.85 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.05 +0.19 +0.00 +0.00 +0.06 +0.15 +0.00 +0.00 31.71 31.75 31.99 32.20 

591 Normal Zone 16.76 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.04 +0.19 +0.00 +0.00 +0.01 +0.15 +0.00 +0.00 18.62 18.66 18.89 19.05 

592 Normal Zone 9.89 1.86 0.00 0.00 -2.95  +0.04 +0.00 +0.00 +22.29 +0.19 +0.00 +0.00 +56.90 +0.15 +0.00 +0.00 11.75 8.84 31.32 88.37 

593 High Zone 0.00 0.00 4.77 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.00 +0.01 6.02 6.02 6.06 6.07 

594 Normal Zone 8.61 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 10.47 10.51 10.70 10.85 

595 Normal Zone 42.20 1.86 0.00 0.00 +1.65 +0.04 +0.00 +0.00 +0.15 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 44.06 45.75 46.09 46.24 

596 Normal Zone 19.36 1.86 0.00 0.00 +1.56 +0.04 +0.00 +0.00 +1.23 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 21.22 22.82 24.24 24.39 

597 Normal Zone 19.52 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.07 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 21.38 21.42 21.68 21.83 

598 High Zone 0.00 0.00 17.54 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 18.79 18.79 18.79 18.80 

599 High Zone 0.00 0.00 12.54 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.36 +0.01 13.79 13.79 13.79 14.16 

600 Normal Zone 8.38 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 10.24 10.28 10.47 10.62 

601 Normal Zone 32.24 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.30 +0.15 +0.00 +0.00 34.10 34.14 34.33 34.78 

602 High Zone 0.00 0.00 0.00 0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.08 +0.00 0.00 0.00 0.00 0.08 

603 High Zone 0.00 0.00 2.41 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 3.66 3.66 3.66 3.67 

604 Normal Zone 11.54 1.86 0.00 0.00 +1.84 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.81 +0.15 +0.00 +0.00 13.40 15.28 15.47 16.43 

605 High Zone 0.00 0.00 10.05 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.00 +0.01 11.30 11.30 11.34 11.35 

606 Normal Zone 7.06 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.07 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 8.92 8.96 9.22 9.37 

607 Normal Zone 26.12 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 27.98 28.02 28.21 28.36 

608 Normal Zone 5.91 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 7.77 7.81 8.00 8.15 

609 Normal Zone 15.19 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 17.05 17.09 17.28 17.43 

610 Normal Zone 2.70 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 4.56 4.60 4.79 4.94 

611 Normal Zone 11.46 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 13.32 13.36 13.55 13.70 

612 Normal Zone 13.59 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 15.45 15.49 15.68 15.83 

613 Normal Zone 18.43 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.01 +0.15 +0.00 +0.00 20.29 20.33 20.52 20.68 

614 Normal Zone 20.40 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 22.26 22.30 22.49 22.64 

615 Normal Zone 12.09 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 13.95 13.99 14.18 14.33 

616 Normal Zone 9.07 1.86 0.00 0.00 +0.04 +0.04 +0.00 +0.00 +0.60 +0.19 +0.00 +0.00 -0.54  +0.15 +0.00 +0.00 10.93 11.01 11.80 11.41 

617 High Zone 0.00 0.00 0.49 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.03 +0.00 +0.00 +0.00 +0.00 +0.01 1.74 1.74 1.77 1.78 

618 Normal Zone 3.99 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 5.85 5.89 6.08 6.23 

619 Normal Zone 1.93 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 3.79 3.83 4.02 4.17 
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    2007 Base Demands (gpm) 2010 Demand Change (gpm) 2015 Demand Change (gpm) 2030 Demand Change (gpm) Planning Year Demand Totals (gpm) 

Model ID Pressure 
Zone 

Normal 
Zone 
(2007) 

NRW 
Normal 
(2007) 

High Zone 
(2007) 

NRW High 
(2007) 

Normal Zone 
(2010) 

NRW Normal 
(2010) 

High Zone 
(2010) 

NRW High 
(2010) 

Normal 
Zone (2015) 

NRW 
Normal 
(2015) 

High Zone 
(2015) 

NRW High 
(2015) 

Normal 
Zone (2030) 

NRW 
Normal 
(2030) 

High 
Zone 
(2030) 

NRW High 
(2030) 2007 2010 2015 2030 

N_2007 NRN_2007 H_2007 NR_H_2007 N_2010 NRW_N_2010 H_2010 NR_H_2010 N_2015 NR_N_2015 H_2015 NR_H_2015 N_2030 NR_N_2030 H_2030 NR_H_2030 2007_Tot 2010_Tot 2015_Tot 2030_Tot 

620 Normal Zone 50.05 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.03 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 51.91 51.95 52.17 52.32 

621 High Zone 0.00 0.00 9.43 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 10.68 10.68 10.68 10.69 

622 Normal Zone 9.87 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 11.73 11.77 11.96 12.11 

623 Normal Zone 30.24 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +1.42 +0.19 +0.00 +0.00 +1.88 +0.15 +0.00 +0.00 32.10 32.14 33.75 35.78 

624 Normal Zone 15.18 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 17.04 17.08 17.27 17.42 

625 Normal Zone 20.51 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.38 +0.15 +0.00 +0.00 22.37 22.41 22.60 23.13 

626 Normal Zone 29.30 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.46 +0.15 +0.00 +0.00 31.16 31.20 31.39 32.00 

627 Normal Zone 11.58 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.06 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 13.44 13.48 13.73 13.88 

628 Normal Zone 31.32 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +25.07 +0.15 +0.00 +0.00 33.18 33.22 33.41 58.63 

629 Normal Zone 15.12 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +3.14 +0.15 +0.00 +0.00 16.98 17.02 17.21 20.50 

630 Normal Zone 1.42 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 3.28 3.32 3.51 3.66 

631 Normal Zone 1.99 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 3.85 3.89 4.08 4.23 

632 Normal Zone 22.23 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.43 +0.15 +0.00 +0.00 24.09 24.13 24.32 24.90 

633 Normal Zone 9.76 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 11.62 11.66 11.85 12.00 

634 Normal Zone 34.19 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 36.05 36.09 36.28 36.43 

635 Normal Zone 7.11 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 8.97 9.01 9.20 9.35 

636 High Zone 0.00 0.00 6.23 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 7.48 7.48 7.48 7.49 

637 Normal Zone 37.78 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +2.25 +0.15 +0.00 +0.00 39.64 39.68 39.87 42.27 

638 Normal Zone 6.14 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 8.00 8.04 8.23 8.38 

639 Normal Zone 22.43 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 24.29 24.33 24.52 24.67 

640 Normal Zone 72.74 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 74.60 74.64 74.83 74.98 

641 Normal Zone 22.72 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 24.58 24.62 24.81 24.96 

642 Normal Zone 1.61 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 -0.01  +0.19 +0.00 +0.00 +15.72 +0.15 +0.00 +0.00 3.47 3.51 3.69 19.56 

643 Normal Zone 17.80 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 19.66 19.70 19.89 20.04 

644 Normal Zone 15.81 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 17.67 17.71 17.90 18.05 

645 Normal Zone 6.20 1.86 0.00 0.00 +6.45 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +10.31 +0.15 +0.00 +0.00 8.06 14.55 14.74 25.20 

646 Normal Zone 8.27 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.04 +0.19 +0.00 +0.00 +0.17 +0.15 +0.00 +0.00 10.13 10.17 10.40 10.72 

647 Normal Zone 7.97 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.05 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 9.83 9.87 10.11 10.26 

648 Normal Zone 17.84 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 19.70 19.74 19.93 20.08 

649 High Zone 0.00 0.00 6.82 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 +0.00 +0.00 +0.00 +0.08 +0.01 8.07 8.07 8.08 8.17 

650 Normal Zone 15.11 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.04 +0.19 +0.00 +0.00 +0.02 +0.15 +0.00 +0.00 16.97 17.01 17.24 17.41 

651 High Zone 0.00 0.00 30.49 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 31.74 31.74 31.74 31.75 

652 Normal Zone 31.04 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 32.90 32.94 33.13 33.28 

653 Normal Zone 10.70 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 12.56 12.60 12.79 12.94 

654 Normal Zone 16.28 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 18.14 18.18 18.37 18.52 

655 Normal Zone 2.77 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 -0.75  +0.19 +0.00 +0.00 +1.84 +0.15 +0.00 +0.00 4.63 4.67 4.11 6.10 

656 Normal Zone 7.18 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.01 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 9.04 9.08 9.28 9.43 

657 High Zone 0.00 0.00 4.40 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.05 +0.00 +0.00 +0.00 +0.00 +0.01 5.65 5.65 5.70 5.71 

659 Normal Zone 7.03 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 8.89 8.93 9.12 9.27 

660 Normal Zone 22.75 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +2.99 +0.15 +0.00 +0.00 24.61 24.65 24.84 27.98 

661 High Zone 0.00 0.00 7.83 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.11 +0.00 +0.00 +0.00 +0.00 +0.01 9.08 9.08 9.19 9.20 

662 Normal Zone 30.65 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.02 +0.15 +0.00 +0.00 32.51 32.55 32.74 32.91 
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    2007 Base Demands (gpm) 2010 Demand Change (gpm) 2015 Demand Change (gpm) 2030 Demand Change (gpm) Planning Year Demand Totals (gpm) 

Model ID Pressure 
Zone 

Normal 
Zone 
(2007) 

NRW 
Normal 
(2007) 

High Zone 
(2007) 

NRW High 
(2007) 

Normal Zone 
(2010) 

NRW Normal 
(2010) 

High Zone 
(2010) 

NRW High 
(2010) 

Normal 
Zone (2015) 

NRW 
Normal 
(2015) 

High Zone 
(2015) 

NRW High 
(2015) 

Normal 
Zone (2030) 

NRW 
Normal 
(2030) 

High 
Zone 
(2030) 

NRW High 
(2030) 2007 2010 2015 2030 

N_2007 NRN_2007 H_2007 NR_H_2007 N_2010 NRW_N_2010 H_2010 NR_H_2010 N_2015 NR_N_2015 H_2015 NR_H_2015 N_2030 NR_N_2030 H_2030 NR_H_2030 2007_Tot 2010_Tot 2015_Tot 2030_Tot 

663 Normal Zone 10.60 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 12.46 12.50 12.69 12.84 

664 Normal Zone 17.21 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 19.07 19.11 19.30 19.45 

665 Normal Zone 25.17 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 27.03 27.07 27.26 27.41 

666 High Zone 0.00 0.00 15.48 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 16.73 16.73 16.73 16.74 

667 High Zone 0.00 0.00 15.26 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 16.51 16.51 16.51 16.52 

668 High Zone 0.00 0.00 6.94 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.03 +0.00 +0.00 +0.00 +0.00 +0.01 8.19 8.19 8.22 8.23 

669 Normal Zone 8.69 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.42 +0.15 +0.00 +0.00 10.55 10.59 10.78 11.35 

670 Normal Zone 30.84 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.01 +0.15 +0.00 +0.00 32.70 32.74 32.93 33.09 

671 Normal Zone 8.62 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 10.48 10.52 10.71 10.86 

672 High Zone 0.00 0.00 9.00 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.02 +0.00 +0.00 +0.00 +0.00 +0.01 10.25 10.25 10.27 10.28 

673 Normal Zone 13.51 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.03 +0.19 +0.00 +0.00 +0.04 +0.15 +0.00 +0.00 15.37 15.41 15.63 15.82 

674 Normal Zone 5.09 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.08 +0.19 +0.00 +0.00 +3.70 +0.15 +0.00 +0.00 6.95 6.99 7.26 11.11 

675 Normal Zone 12.67 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.17 +0.15 +0.00 +0.00 14.53 14.57 14.76 15.08 

676 Normal Zone 11.63 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 13.49 13.53 13.72 13.87 

677 Normal Zone 26.30 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.09 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 28.16 28.20 28.48 28.63 

678 Normal Zone 9.93 1.86 0.00 0.00 +10.27 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +3.85 +0.15 +0.00 +0.00 11.79 22.10 22.29 26.29 

679 Normal Zone 7.44 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.24 +0.15 +0.00 +0.00 9.30 9.34 9.53 9.92 

680 Normal Zone 17.85 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.47 +0.19 +0.00 +0.00 +0.59 +0.15 +0.00 +0.00 19.71 19.75 20.41 21.15 

681 High Zone 0.00 0.00 24.64 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.02 +0.00 +0.00 +0.00 +0.00 +0.01 25.89 25.89 25.91 25.92 

682 Normal Zone 24.30 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.22 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 26.16 26.20 26.61 26.76 

683 Normal Zone 15.95 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.29 +0.15 +0.00 +0.00 17.81 17.85 18.04 18.48 

684 Normal Zone 6.01 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 7.87 7.91 8.10 8.25 

685 Normal Zone 11.25 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.04 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 13.11 13.15 13.38 13.53 

686 High Zone 0.00 0.00 8.17 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.24 +0.00 +0.00 +0.00 +0.00 +0.01 9.42 9.42 9.66 9.67 

687 Normal Zone 19.98 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.04 +0.15 +0.00 +0.00 21.84 21.88 22.07 22.26 

688 High Zone 0.00 0.00 26.98 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.43 +0.01 28.23 28.23 28.23 28.67 

689 Normal Zone 19.19 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 21.05 21.09 21.28 21.43 

690 Normal Zone 19.97 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +8.55 +0.19 +0.00 +0.00 +23.78 +0.15 +0.00 +0.00 21.83 21.87 30.61 54.54 

691 High Zone 0.00 0.00 31.85 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 33.10 33.10 33.10 33.11 

692 Normal Zone 8.99 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +69.12 +0.15 +0.00 +0.00 10.85 10.89 11.08 80.35 

693 Normal Zone 39.60 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 41.46 41.50 41.69 41.84 

694 Normal Zone 12.64 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 14.50 14.54 14.73 14.88 

695 Normal Zone 15.29 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.28 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 17.15 17.19 17.66 17.81 

696 High Zone 0.00 0.00 5.62 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.08 +0.00 +0.00 +0.00 +0.00 +0.01 6.87 6.87 6.95 6.96 

697 Normal Zone 18.01 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 19.87 19.91 20.10 20.25 

698 High Zone 0.00 0.00 2.02 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.03 +0.00 +0.00 +0.00 +0.00 +0.01 3.27 3.27 3.30 3.31 

699 Normal Zone 4.41 1.86 0.00 0.00 +0.89 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 6.27 7.20 7.39 7.54 

700 High Zone 0.00 0.00 11.25 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 12.50 12.50 12.50 12.51 

701 Normal Zone 13.07 1.86 0.00 0.00 +4.27 +0.04 +0.00 +0.00 +0.04 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 14.93 19.24 19.47 19.62 

702 Normal Zone 10.62 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.37 +0.15 +0.00 +0.00 12.48 12.52 12.71 13.23 

703 Normal Zone 11.15 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.53 +0.15 +0.00 +0.00 13.01 13.05 13.24 13.92 



 



  APPENDIX I 
 City of Bloomington Hydraulic Model Node Demands  

Black & Veatch January 2011 Page  I-11 

    2007 Base Demands (gpm) 2010 Demand Change (gpm) 2015 Demand Change (gpm) 2030 Demand Change (gpm) Planning Year Demand Totals (gpm) 

Model ID Pressure 
Zone 

Normal 
Zone 
(2007) 

NRW 
Normal 
(2007) 

High Zone 
(2007) 

NRW High 
(2007) 

Normal Zone 
(2010) 

NRW Normal 
(2010) 

High Zone 
(2010) 

NRW High 
(2010) 

Normal 
Zone (2015) 

NRW 
Normal 
(2015) 

High Zone 
(2015) 

NRW High 
(2015) 

Normal 
Zone (2030) 

NRW 
Normal 
(2030) 

High 
Zone 
(2030) 

NRW High 
(2030) 2007 2010 2015 2030 

N_2007 NRN_2007 H_2007 NR_H_2007 N_2010 NRW_N_2010 H_2010 NR_H_2010 N_2015 NR_N_2015 H_2015 NR_H_2015 N_2030 NR_N_2030 H_2030 NR_H_2030 2007_Tot 2010_Tot 2015_Tot 2030_Tot 

704 Normal Zone 33.89 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.97 +0.15 +0.00 +0.00 35.75 35.79 35.98 37.10 

705 Normal Zone 24.27 1.86 0.00 0.00 +1.80 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +1.17 +0.15 +0.00 +0.00 26.13 27.97 28.16 29.48 

706 Normal Zone 13.10 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.75 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 14.96 15.00 15.94 16.09 

707 Normal Zone 23.62 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 25.48 25.52 25.71 25.86 

708 Normal Zone 19.34 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +2.25 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 21.20 21.24 23.68 23.83 

709 High Zone 0.00 0.00 18.06 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.14 +0.00 +0.00 +0.00 +0.00 +0.01 19.31 19.31 19.45 19.46 

710 Normal Zone 5.41 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.31 +0.19 +0.00 +0.00 +0.49 +0.15 +0.00 +0.00 7.27 7.31 7.81 8.45 

711 High Zone 0.00 0.00 1.04 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 2.29 2.29 2.29 2.30 

712 Normal Zone 33.01 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 34.87 34.91 35.10 35.25 

713 High Zone 0.00 0.00 5.72 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.03 +0.01 6.97 6.97 6.97 7.01 

714 Normal Zone 9.99 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 11.85 11.89 12.08 12.23 

715 Normal Zone 14.06 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.02 +0.15 +0.00 +0.00 15.92 15.96 16.15 16.32 

716 High Zone 0.00 0.00 18.28 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.08 +0.00 +0.00 +0.00 +0.00 +0.01 19.53 19.53 19.61 19.62 

717 High Zone 0.00 0.00 15.72 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 16.97 16.97 16.97 16.98 

718 Normal Zone 11.07 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 12.93 12.97 13.16 13.31 

719 Normal Zone 26.74 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.06 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 28.60 28.64 28.89 29.04 

720 High Zone 0.00 0.00 11.29 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 12.54 12.54 12.54 12.55 

721 Normal Zone 32.52 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +1.21 +0.15 +0.00 +0.00 34.38 34.42 34.61 35.97 

722 Normal Zone 6.07 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.23 +0.15 +0.00 +0.00 7.93 7.97 8.16 8.54 

723 Normal Zone 6.83 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 8.69 8.73 8.92 9.07 

724 Normal Zone 37.22 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.04 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 39.08 39.12 39.35 39.50 

725 Normal Zone 63.61 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.55 +0.15 +0.00 +0.00 65.47 65.51 65.70 66.40 

726 Normal Zone 16.69 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.03 +0.19 +0.00 +0.00 +0.20 +0.15 +0.00 +0.00 18.55 18.59 18.81 19.16 

727 Normal Zone 15.09 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 16.95 16.99 17.18 17.33 

728 Normal Zone 42.48 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +9.00 +0.19 +0.00 +0.00 +15.21 +0.15 +0.00 +0.00 44.34 44.38 53.57 68.93 

729 Normal Zone 41.06 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 42.92 42.96 43.15 43.30 

730 Normal Zone 4.53 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.14 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 6.39 6.43 6.76 6.91 

731 Normal Zone 12.97 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.13 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 14.83 14.87 15.19 15.34 

732 Normal Zone 0.14 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +22.83 +0.15 +0.00 +0.00 2.00 2.04 2.23 25.21 

733 High Zone 0.00 0.00 6.50 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.02 +0.00 +0.00 +0.00 +0.00 +0.01 7.75 7.75 7.77 7.78 

734 Normal Zone 12.67 1.86 0.00 0.00 +6.10 +0.04 +0.00 +0.00 +19.90 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 14.53 20.67 40.76 40.91 

735 Normal Zone 10.42 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 12.28 12.32 12.51 12.66 

736 Normal Zone 10.51 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.32 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 12.37 12.41 12.92 13.07 

737 Normal Zone 7.83 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 9.69 9.73 9.92 10.07 

738 Normal Zone 12.86 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 14.72 14.76 14.95 15.10 

739 High Zone 0.00 0.00 27.79 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.08 +0.00 +0.00 +0.00 +0.00 +0.01 29.04 29.04 29.12 29.13 

740 Normal Zone 9.51 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.12 +0.15 +0.00 +0.00 11.37 11.41 11.60 11.87 

741 Normal Zone 17.55 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +1.17 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 19.41 19.45 20.81 20.96 

742 Normal Zone 0.00 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 1.86 1.90 2.09 2.24 

743 Normal Zone 24.21 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 26.07 26.11 26.30 26.45 

744 High Zone 0.00 0.00 50.35 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.00 +0.01 51.60 51.60 51.64 51.65 

745 High Zone 0.00 0.00 19.13 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.09 +0.00 +0.00 +0.00 +0.00 +0.01 20.38 20.38 20.47 20.48 
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    2007 Base Demands (gpm) 2010 Demand Change (gpm) 2015 Demand Change (gpm) 2030 Demand Change (gpm) Planning Year Demand Totals (gpm) 

Model ID Pressure 
Zone 

Normal 
Zone 
(2007) 

NRW 
Normal 
(2007) 

High Zone 
(2007) 

NRW High 
(2007) 

Normal Zone 
(2010) 

NRW Normal 
(2010) 

High Zone 
(2010) 

NRW High 
(2010) 

Normal 
Zone (2015) 

NRW 
Normal 
(2015) 

High Zone 
(2015) 

NRW High 
(2015) 

Normal 
Zone (2030) 

NRW 
Normal 
(2030) 

High 
Zone 
(2030) 

NRW High 
(2030) 2007 2010 2015 2030 

N_2007 NRN_2007 H_2007 NR_H_2007 N_2010 NRW_N_2010 H_2010 NR_H_2010 N_2015 NR_N_2015 H_2015 NR_H_2015 N_2030 NR_N_2030 H_2030 NR_H_2030 2007_Tot 2010_Tot 2015_Tot 2030_Tot 

746 Normal Zone 12.36 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +1.55 +0.15 +0.00 +0.00 14.22 14.26 14.45 16.15 

747 High Zone 0.00 0.00 17.77 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.01 19.02 19.02 19.02 19.03 

748 Normal Zone 3.78 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 5.64 5.68 5.87 6.02 

749 Normal Zone 45.54 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 -16.73  +0.15 +0.00 +0.00 47.40 47.44 47.63 31.05 

750 Normal Zone 2.56 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.19 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 4.42 4.46 4.84 4.99 

751 Normal Zone 26.08 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.09 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 27.94 27.98 28.26 28.41 

752 Normal Zone 2.17 1.86 0.00 0.00 +1.31 +0.04 +0.00 +0.00 +2.11 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 4.03 5.38 7.68 7.83 

753 Normal Zone 59.02 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.88 +0.15 +0.00 +0.00 60.88 60.92 61.11 62.14 

754 Normal Zone 35.88 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.75 +0.15 +0.00 +0.00 37.74 37.78 37.97 38.87 

755 Normal Zone 19.25 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.08 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 21.11 21.15 21.42 21.57 

756 Normal Zone 13.60 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +6.59 +0.19 +0.00 +0.00 +1.23 +0.15 +0.00 +0.00 15.46 15.50 22.28 23.66 

757 Normal Zone 7.06 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.08 +0.19 +0.00 +0.00 +0.05 +0.15 +0.00 +0.00 8.92 8.96 9.23 9.43 

758 Normal Zone 6.91 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 8.77 8.81 9.00 9.15 

759 Normal Zone 46.32 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.76 +0.19 +0.00 +0.00 +1.05 +0.15 +0.00 +0.00 48.18 48.22 49.17 50.37 

760 Normal Zone 19.20 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 21.06 21.10 21.29 21.44 

761 Normal Zone 9.47 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.06 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 11.33 11.37 11.62 11.77 

762 Normal Zone 32.47 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.07 +0.19 +0.00 +0.00 +11.54 +0.15 +0.00 +0.00 34.33 34.37 34.63 46.32 

763 Normal Zone 43.35 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.12 +0.19 +0.00 +0.00 +0.02 +0.15 +0.00 +0.00 45.21 45.25 45.56 45.73 

764 Normal Zone 2.30 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.31 +0.19 +0.00 +0.00 +0.18 +0.15 +0.00 +0.00 4.16 4.20 4.70 5.03 

765 Normal Zone 5.81 1.86 0.00 0.00 +6.98 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 7.67 14.69 14.88 15.03 

766 Normal Zone 11.68 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.20 +0.15 +0.00 +0.00 13.54 13.58 13.77 14.12 

767 Normal Zone 3.66 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 5.52 5.56 5.75 5.90 

768 Normal Zone 5.83 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.35 +0.15 +0.00 +0.00 7.69 7.73 7.92 8.42 

769 Normal Zone 5.52 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 7.38 7.42 7.61 7.76 

770 Normal Zone 6.34 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 8.20 8.24 8.43 8.58 

771 Normal Zone 29.51 1.86 0.00 0.00 +22.02 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 31.37 53.43 53.62 53.77 

772 Normal Zone 3.61 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 5.47 5.51 5.70 5.85 

773 Normal Zone 12.82 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 14.68 14.72 14.91 15.06 

774 Normal Zone 13.40 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 15.26 15.30 15.49 15.64 

775 Normal Zone 15.72 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 17.58 17.62 17.81 17.96 

776 Normal Zone 3.70 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 5.56 5.60 5.79 5.94 

778 Normal Zone 35.10 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.13 +0.15 +0.00 +0.00 36.96 37.00 37.19 37.47 

779 Normal Zone 24.56 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.38 +0.15 +0.00 +0.00 26.42 26.46 26.65 27.18 

780 Normal Zone 7.35 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +2.31 +0.15 +0.00 +0.00 9.21 9.25 9.44 11.90 

781 High Zone 0.00 0.00 19.52 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.05 +0.00 +0.00 +0.00 +0.00 +0.01 20.77 20.77 20.82 20.83 

782 High Zone 0.00 0.00 21.42 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.73 +0.01 22.67 22.67 22.67 23.41 

784 Normal Zone 0.00 0.00 0.00 0.00 +0.00 +0.00 +0.00 +0.00 +55.93 +0.00 +0.00 +0.00 +1.02 +0.00 +0.00 +0.00 0.00 0.00 55.93 56.95 

785 MN Zone 0.00 0.00 0.00 0.00 +0.00 +0.00 +0.00 +0.00 +89.50 +0.00 +0.00 +0.00 +23.10 +0.00 +0.00 +0.00 0.00 0.00 89.50 112.60 

788 High Zone 0.00 0.00 44.81 1.25 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.25 +0.00 +0.00 +0.00 +0.00 +0.01 46.06 46.06 46.31 46.32 

789 Normal Zone 14.75 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 16.61 16.65 16.84 16.99 

1596 Normal Zone 29.14 1.86 0.00 0.00 +18.66 +0.04 +0.00 +0.00 +8.48 +0.19 +0.00 +0.00 +0.04 +0.15 +0.00 +0.00 31.00 49.70 58.37 58.56 
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    2007 Base Demands (gpm) 2010 Demand Change (gpm) 2015 Demand Change (gpm) 2030 Demand Change (gpm) Planning Year Demand Totals (gpm) 

Model ID Pressure 
Zone 

Normal 
Zone 
(2007) 

NRW 
Normal 
(2007) 

High Zone 
(2007) 

NRW High 
(2007) 

Normal Zone 
(2010) 

NRW Normal 
(2010) 

High Zone 
(2010) 

NRW High 
(2010) 

Normal 
Zone (2015) 

NRW 
Normal 
(2015) 

High Zone 
(2015) 

NRW High 
(2015) 

Normal 
Zone (2030) 

NRW 
Normal 
(2030) 

High 
Zone 
(2030) 

NRW High 
(2030) 2007 2010 2015 2030 

N_2007 NRN_2007 H_2007 NR_H_2007 N_2010 NRW_N_2010 H_2010 NR_H_2010 N_2015 NR_N_2015 H_2015 NR_H_2015 N_2030 NR_N_2030 H_2030 NR_H_2030 2007_Tot 2010_Tot 2015_Tot 2030_Tot 

1599 Normal Zone 1.46 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +19.63 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 3.32 3.36 23.18 23.33 

1611 Normal Zone 1.56 1.86 0.00 0.00 +11.62 +0.04 +0.00 +0.00 +0.87 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 3.42 15.08 16.14 16.29 

1615 Normal Zone 9.60 1.86 0.00 0.00 +6.97 +0.04 +0.00 +0.00 +6.16 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 11.46 18.47 24.82 24.97 

1617 Normal Zone 235.64 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 237.50 237.54 237.73 237.88 

1626 Normal Zone 1.81 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.00 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 3.67 3.71 3.90 4.05 

1631 Normal Zone 22.47 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.03 +0.19 +0.00 +0.00 +0.05 +0.15 +0.00 +0.00 24.33 24.37 24.59 24.79 

1636 Normal Zone 21.76 1.86 0.00 0.00 +0.00 +0.04 +0.00 +0.00 +0.07 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 23.62 23.66 23.92 24.07 

1640 Normal Zone 13.70 1.86 0.00 0.00 +0.05 +0.04 +0.00 +0.00 +0.63 +0.19 +0.00 +0.00 +0.00 +0.15 +0.00 +0.00 15.56 15.65 16.47 16.62 

1928 Normal Zone 0.00 0.00 0.00 0.00 +0.00 +0.00 +0.00 +0.00 +3.16 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 0.00 0.00 3.16 3.16 

1933 High Zone 0.00 0.00 0.00 0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.08 +0.00 +0.00 +0.00 +0.00 +0.00 0.00 0.00 0.08 0.08 

1936 High Zone 0.00 0.00 0.00 0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.11 +0.00 +0.00 +0.00 +0.00 +0.00 0.00 0.00 0.11 0.11 

1938 High Zone 0.00 0.00 0.00 0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.08 +0.00 +0.00 +0.00 +0.00 +0.00 0.00 0.00 0.08 0.08 

Totals: 

7,622.05 760.74 1,113.62 111.25 +159.95 +16.36 +0.00 +0.00 +768.81 +77.71 +3.66 +0.00 +598.45 +61.35 +10.86 +0.89 
9,608 9,784 10,634 11,306 

9,608 176 850 672 

13.84 mgd 0.25 mgd 1.22 mgd 0.97 mgd 
13.84 
mgd 14.09 mgd 15.31 mgd 16.28 mgd 
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2030 Maximum Day Demands 24-Hour EPS Results 
 

Water Treatment Plant High Service Pump Station (2030 Maximum Day) 
 

 
 

82nd and Penn High Service Pump Station (2030 Maximum Day) 

 
 
 

  

WTP Pump Station - 2030 Maximum Day Demands
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82nd and Penn HSPS - 2030 Maximum Day Demands
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Poplar Bridge Booster Pump Station (2030 Maximum Day) 
 

 
 

Western Reservoir Level (2030 Maximum Day) 
 

 
 
 

  

Poplar Pump Station - 2030 Maximum Day Demands
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Western Reservoir - 2030 Maximum Day Demands
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Valley View Tower Level (2030 Maximum Day) 
 

 
 

Northwest Tower Level (2030 Maximum Day) 
 

 
 
 

  

Valley View Tower - 2030 Maximum Day Demands
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Northwest Tower - - 2030 Maximum Day Demands
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2010 Maximum Day Demands 24-Hour EPS Results 
 

Water Treatment Plant High Service Pump Station (2010 Maximum Day) 
 

 
 
 

82nd and Penn High Service Pump Station (2010 Maximum Day) 
 

 

WTP Pump Station - 2010 Maximum Day Demands
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Poplar Bridge Booster Pump Station (2010 Maximum Day) 

 

 
 

Western Reservoir Level (2010 Maximum Day) 
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Valley View Tower Level (2010 Maximum Day) 
 

 
 

Northwest Tower Level (2010 Maximum Day) 
 

 
 

Valley View Tower - 2010 Maximum Day Demands
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Northwest Tower - 2010 Maximum Day Demands
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