
 
 R:\MAD\Documents\Reports\Archive\2012\Lindenhurst, IL\Lake Water Supply.HM.1290.039.mjf.jan\Report\!Front 
Cover (Blue=Water) Internal.docx 

 

Report 
Village of 

Lindenhurst, IL 

April 2012 

 
Lake Water 
Supply 
Hydraulic 
Modeling 







 

 

i 

TABLE OF CONTENTS 
Page No. 

or Following 
 

EXECUTIVE SUMMARY 
 
SECTION 1–INTRODUCTION 
 

1.01 Background ..............................................................................................  1-1 
1.02 Purpose of Study ......................................................................................  1-1 
1.03 Definitions ................................................................................................  1-2 

 
SECTION 2–EXISTING WATER SUPPLY FACILITIES 
 

2.01 Wells ........................................................................................................  2-1 
2.02 Storage ....................................................................................................  2-1 
2.03 Distribution System ..................................................................................  2-1 

 
SECTION 3–WATER DEMANDS 
 

3.01 General ....................................................................................................  3-1 
3.02 Population ................................................................................................  3-1 
3.03 Demand Factors .......................................................................................  3-2 
3.04 Water Demands .......................................................................................  3-3 

 
SECTION 4–COMPUTERIZED HYDRAULIC MODEL 
 

4.01 Model Update and Calibration ..................................................................  4-1 
4.02 Modeled Scenarios ...................................................................................  4-3 
4.03 Modeling Results ......................................................................................  4-6 

 
SECTION 5–SUPPLY AND DISTRIBUTION IMPROVEMENTS 
 

5.01 Summary of Lake Water Supply Hydraulics and System Needs ...............  5-1 
5.02 Storage and Pumping Facilities ................................................................  5-2 
5.03 Distribution System Improvements ...........................................................  5-5 
5.04 Opinions of Probable Cost ........................................................................  5-6 

 
 

 



TABLE OF CONTENTS Continued 
Page No. 

or Following 
 

 

ii 

TABLES 
 
2.03-1 Water Main Inventory ...............................................................................  2-1 
 
3.02-1 Population Projections ..............................................................................  3-2 
3.04-1 Water Demand Forecasts .........................................................................  3-4 
 
4.01-1 Fire Flow Test Results ..............................................................................  4-2 
4.01-2 Model Calibration Results .........................................................................  4-2 
4.02-1 North Connection Point–System Head Curve Scenarios ..........................  4-4 
4.02-2 South Connection Point–System Head Curve Scenarios ..........................  4-4 
 
5.04-1 Opinion of Probable Construction Cost–North Connection Point ..............  5-10 
5.04-2 Opinion of Probable Construction Cost–South Connection Point ..............  5-11 
5.04-3 Opinion of Probable Construction Cost–North and South  
 Connection Point ......................................................................................  5-12 
 
 

FIGURES 
 

2.03-1 Existing Water System .............................................................................  2-3 
2.03-2 12-inch Water Main ..................................................................................  2-4 
 
4.03-1 Available Fire Flow Contours–Existing System .........................................  4-7 
4.03-2 North Connection Point–System Head Curves–Existing vs. 12-inch Loop  4-8 
4.03-3 12-inch Loop Improvements .....................................................................  4-9 
4.03-4 North Connection Water Main Improvements ...........................................  4-11 
4.03-5 North Connection Point–System Head Curves–Water Main Improvements 4-12 
4.03-6 South Connection Point–System Head Curves ........................................  4-13 
4.03-7 South Connection Point–Water Main Improvements ................................  4-15 
4.03-8 South Connection Point–System Head Curves ........................................  4-16  
 
5.01-1 Lake Water Supply Schematic ..................................................................  5-1 
5.02-1 2010 Hourly Demand volume ...................................................................  5-3 
5.02-2 Ultimate Hourly Demand Volume .............................................................  5-4 
5.03-1 North Connection Point Water Main Improvements Schematic .................  5-7 
5.03-2 South Connection Point Water Improvements Schematic .........................  5-8 
5.03-3 North and South Point Water Main Improvement Schematic ....................  5-9 
5.04-1 Water Main Improvements .......................................................................  5-9 
 



 
 

EXECUTIVE SUMMARY 



Village of Lindenhurst, Illinois 
Lake Water Supply Hydraulic Modeling Executive Summary 

 

 

Prepared by Strand Associates, Inc.
 
 ES-1 

R:\MAD\Documents\Reports\Archive\2012\Lindenhurst, IL\Lake Water Supply.HM.1290.039.mjf.jan\Report\ES.docx\4/11/2012 

EXECUTIVE SUMMARY 

 

The Village of Lindenhurst (Village) has relied on groundwater wells for its drinking water supply 

since 1955. Concerns surrounding the long-term viability of groundwater in the region prompted 

the Village and neighboring communities to investigate the feasibility of a lake water supply . The 

Village and other Planning Group communities collaborated on a study that reviewed the logistics 

and costs of treating and transporting Lake Michigan water to each community. That study did not 

address improvements needed within each community’s existing water system to accommodate a 

lake water supply. 

 

This Lake Water Supply Hydraulic Modeling report evaluates the Lindenhurst water system with a focus 

on infrastructure improvements needed if the Village continues to pursue lake water.  

 

Section 2 briefly summarizes the existing water system and Section 3 develops water demands for use 

in simulating system operation. The existing well supply and distribution system are effective at taking 

water from the nine active wells scattered throughout the system, filling the two elevated storage tanks, 

and satisfying daily water demands and fire protection needs. Switching from a distributed well supply 

to a single supply point on the edge of the existing distribution system presents unique challenges. 

Significant water main improvements are needed to avoid pressure spikes when lake water supply 

pumps turn on and off.  

 

Section 4 provides an in-depth discussion of the computerized hydraulic model and supply scenarios 

simulated with the model. Three potential lake water supply scenarios are evaluated in this report: 

 

1.  One supply point near Savage Road (North Connection Point). 

2. One supply point near the Falling Waters business park (South Connection Point). 

3. Two supply points: North and South Connection Points. 

 

The North Connection Point is currently limited hydraulically by small diameter water main near Grass 

Lake Road and Beck Road. This bottleneck in the system would result in drastic pressure fluctuations 

under a lake water supply scenario. To alleviate high pressure fluctuations, water  main reinforcements 

would be needed between the connection point and Elevated Tank No. 1. Additional water main 

improvements would be needed between the two elevated tanks to balance the tank levels while the 

supply pumps operate.  

 

The South Connection Point is located near Elevated Tank No. 2. Lake water supply pumps at this 

location will fill Elevated Tank No. 2 much faster than Elevated Tank No. 1. To avoid overflowing 

Elevated Tank No. 2, an altitude valve will be needed to temporarily isolate the tank and allow Elevated 

Tank No. 1 to fill. Water main improvements would be needed to reduce pressure fluctuations while 

Elevated Tank No. 2 is isolated.  

 

Utilizing both connection points (North and South) does not eliminate the need for additional water 

main, but it reduces the supply capacity needed at each location and reduces the relative size of water 

main improvements.  
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The lake water connection point(s) will require ground-level water storage facilities, metering, high-lift 

pumping equipment, and auxiliary power. A single supply point would be sized to deliver maximum day 

demand flow to the system. Dual supply points could be designed to meet the maximum day in total. 

Initial construction costs could be reduced by designing equipment based on near-term maximum day 

demands while allowing for future capacity expansion.  

 

Section 5 summarizes the infrastructure improvements and costs associated with each supply scenario. 

The total opinion of probable cost associated with a single lake water connection point at the North 

(Savage Road) location including ground-level storage, pump station, and water main 

improvements is $11.8 million. The total opinion of probable cost associated with a single lake 

water connection point at the South Connection Point (Falling Waters) is $9.7 million. The total 

opinion of probable cost associated with dual lake water connection points at both North and 

South locations is $11.8 million.  

 

The exact locations for the storage and pump station facil ities and routes for water main 

improvements should be further investigated as part of preliminary design for these improvements. 

The water main additions are the largest cost component associated with the lake water supply. A 

detailed capital improvement plan focusing on the water main additions should be completed to 

reduce the upfront capital costs and allow the Village to budget for future improvements on a 

strategic timeline.   
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1.01 BACKGROUND  

 

The Village of Lindenhurst (Village) currently operates a water supply system consisting of nine 

groundwater wells, two elevated storage tanks, and a distribution system. Concerns surrounding the 

long-term viability of the regional groundwater supply prompted the Village to investigate the feasibility 

of pursuing Lake Michigan water as a long-term source of drinking water. The Village joined with a 

group of other Lake County communities to study the feasibility and costs associated with a lake water 

supply. The group of communities, referred to as the Planning Group, completed a study in 2007 that 

included a review of water demands, lake water treatment and transmission costs, organizational 

options, and permitting hurdles.  

 

Following completion of the report, each Planning Group community separately petitioned the Illinois 

Department of Natural Resources (IDNR) for a lake water allocation. The Village was awarded an 

allocation in 2011 and is currently reviewing all feasible options for obtaining lake water. Part of this 

review includes an assessment of needs within the Village, which is the purpose of this evaluation.  

 

1.02 PURPOSE OF STUDY 

 

The efforts of the Planning Group focused on the logistics and cost of t reating and transporting 

water from the lake to each community. The purpose of this study is to determine the extent of 

infrastructure improvements needed within the Village to take water from the likely connection 

point(s) and distribute water effectively to existing points of storage and to consumers. This study 

will focus primarily on the hydraulics of several supply scenarios. The computerized hydraulic 

model was used to simulate operation of the system and to determine what improvements are 

needed for each supply scenario.   

 

The hydraulics associated with a surface water supply (typically single-point supplies) vary greatly from 

distributed groundwater supplies. In the Village, the existing distribution system is set up to deliver 

water from each well facility directly to the distribution system and two elevated tanks. The system can 

easily accept the well flows, which vary from approximately 100 gallons per minute (gpm) to 500 gpm. 

Maximum day demands are satisfied by operating several well facilities that are scattered throughout 

the system.  

 

With the proposed lake water supply, all water supplied to the system, up to maximum day demands,  

will be pumped into the system at one or two locations on the periphery of the system. This changes 

the hydraulic grade lines, specifically near the supply points.  

 

From a hydraulic perspective, the goal of any water supply system is to satisfy varying demands while 

maintaining relatively constant service pressures. The hydraulic grade line (HGL) and system head 

curves will be used here to compare the various supply scenarios. The HGL is defined as the sum of 

the pressure head and elevation head at a given point in the system. HGL values are typically 

expressed in units of feet (ft) as they incorporate elevation as the common datum. System head curves 

are a depiction of hydraulic conditions for a given point in the system by graphing head (pressure) 

versus flow.  

 



Village of Lindenhurst, Illinois 
Lake Water Supply Hydraulic Modeling Section 1–Introduction 

 

 

Prepared by Strand Associates, Inc.
 
 1-2 

R:\MAD\Documents\Reports\Archive\2012\Lindenhurst, IL\Lake Water Supply.HM.1290.039.mjf.jan\Report\S1.docx\4/11/2012 

In this evaluation, the hydraulics of each supply scenario will be compared based on existing system 

head curves, balance between the elevated tanks, and improvements needed to minimize fluctuation in 

system pressure at the needed pumping rates.  

 

The study considers two potential connection points referred to as the North and South Connection 

Points. The North Connection Point is assumed to be along Savage Road on the north edge of the 

existing water service area. The South Connection Point is located near Elevated Tank No. 2 in the 

Falling Waters business park. These locations were selected based on discussions with Village staff 

and assumption made in previous planning activities. The locations were used for modeling purposes. 

The exact location for any connection points will need to be determined based on the water source and 

available parcels.  

 
1.03 DEFINITIONS 

 

CMAP Chicago Metropolitan Agency for Planning 

IDNR Illinois Department of Natural Resources 

ft feet 

gcd gallon per capita per day 

gpm gallons per minute 

HDPE high density polyethylene 

HGL hydraulic grade line 

in inch 

mgd million gallons per day 

NIPC Northeastern Illinois Planning Commission 

psi pounds per square inch 

Q20 fire flow at a residual pressure of 20 psi 

SCADA supervisory control and data acquisition 

sq ft sq ft 

Village Village of Lindenhurst, Illinois 
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This section presents a brief overview of the existing water supply system. 

 

2.01 WELLS 

 

The Village currently operates nine groundwater wells that draw water from the shallow sand and 

gravel formation. Well depths vary from 132 to 186 feet. The 2006 Water System Study Update 

provides additional detail on the history and performance of each facility along with a brief water quality 

review. 

 

The total capacity of the nine active wells is 2,610 gpm. The firm capacity, assuming Well House No. 2 

is offline, is 1,850 gpm.  

 

2.02 STORAGE 

 

There are two elevated water storage tanks in the Village that provide a total of 1,250,000 gallons of 

storage. Elevated Tank No. 1 was constructed in 1987 in the Mallard Ridge subdivision and has a 

capacity of 750,000 gallons. Elevated Tank No. 2 was constructed in 1998 on Falling Waters Boulevard 

and has a capacity of 500,000 gallons.  

 

Each tank has an overflow elevation of 930 feet above mean sea level. 

 

2.03 DISTRIBUTION SYSTEM 

 

The water distribution system is comprised of nearly 60 miles of water main ranging in diameter from 

4 to 12 inches. Pipe materials include cast iron, ductile iron, polyvinyl chloride, and high density 

polyethylene (HDPE). Table 2.03-1 provides a breakdown of the pipe sizes and lengths based on data 

from the computer model.  

 

 
 

The layout of the existing water system and changes needed to the system will be a primary focus of 

this lake water hydraulic evaluation. Figure 2.03-1 shows the layout of the existing system. The existing 

distribution system is set up to convey water from each of the water wells to the points of storage 

(elevated tanks) and the points of consumption (customer service connections). The system has 

evolved and expanded over time to include good hydraulic connections between each of the five active 

well houses that are scattered throughout the Village and the two elevated tanks. 

 

Pipe Size 
(in) 

Length 
(ft) 

4 3,700 

6 85,800 

8 150,200 

10 16,300 

12 56,300 

Total 312,300 
 

Table 2.03-1 Water Main Inventory  
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The interior of the system is primarily comprised of 6- and 8-inch water mains. There are very few 

dead-end water mains in the system.  

 

There is a loop of 12-inch water main that extends partially around the perimeter of the system. 

Figure 2.03-2 highlights the location of the 12-inch water main. The 12-inch mains with the network of 

6- and 8-inch mains throughout the system can effectively distribute water under the existing supply 

scheme. However, there are gaps in the 12-inch loop that restrict flow to some areas. Completion of 

this loop with other improvements needed to accommodate the lake water supply is investigated in 

Sections 4 and 5.  
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FIGURE 2.03-1 
 
EXISTING WATER SYSTEM  
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FIGURE 2.03-2 
 
12-INCH WATER MAIN  
 

 



 
SECTION 3 

WATER DEMANDS 
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3.01 GENERAL 

 

This section presents the water demands used in this evaluation to simulate present day and future 

water supply scenarios in the Village.  

 

3.02 POPULATION 

 

Population is the primary factor that determines water use, specifically in communities with mostly 

residential customers. Population data and forecasts from several sources were reviewed as part of this 

study and are summarized in the following subsections. Table 3.02-1 shows the population projections 

considered in this report.  

 

A. United States Census Bureau 

 

Data from the 2010 United States Census indicated a population of 14,462 in 5,002 residences. In 

addition, there were 213 reported vacant residences not included in the population figure. Assuming all 

existing residences are occupied, the total population would be 15,078.   

 

B. Water System Study Update–2006 

 

The Village completed an update to its water system study in 2006, which reviewed current population 

projections from two regional agencies. The study used a population projection from the Northeastern 

Illinois Planning Commission (NIPC) as the basis for estimating water demands out to the year 2030. 

The 2030 NIPC population projection was 19,843.  

 

C. Chicago Metropolitan Agency for Planning (CMAP)  

 

The CMAP was created in 2005 by the merger of NIPC and the Chicago Area Transportation Study. 

The CMAP provides land use and transportation planning for seven counties in northeast Illinois. 

Population and regional water use data from the CMAP Web site was reviewed as part of this study. 

 

The CMAP Web site published its 2040 Forecast of Population, Households and Employment as part of 

a regional comprehensive planning effort, GO TO 2040. The population forecast for the Village 

indicates a 2040 population of 17,239.  

 

The Regional Water Demand Scenarios for Northeastern Illinois: 2005-2050 report prepared for the 

CMAP by Southern Illinois University-Carbondale presents regional water supply forecasts for major 

water use categories including public water supplies. The report uses NIPC/CMAP population forecasts 

along with mathematical models that account for various water use variables such as weather patterns, 

price of water, and employment to forecast future water use. The report forecasts population growth in 

Lake County at a linear rate of 1.02 percent a year out to the year 2050. If this rate of growth is applied 

to the Village using the 2010 United States Census population as a starting point, the 2050 population 

would be 21,230.  
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D. 2007 Wastewater Treatment Facilities Plan 

 

The Lindenhurst Sanitary District completed a facilities plan in 2007 to evaluate the need for 

improvements at the wastewater treatment plant. The facilities plan used population projections from 

NIPC and also developed an ultimate service area population. The population for the ultimate service 

area estimated in the report was 23,000.  

 

E. Discussion 

 

The 2030 NIPC population projection of 19,843 appears to account for a reasonable rate of growth in 

the Village. The 2040 CMAP forecast of 17,239 is substantially lower than the NIPC projections used in 

previous water and wastewater planning documents for the Village.  

 

Planning for long-term water supply infrastructure, specifically from a surface water source, should 

consider realistically aggressive growth to prevent undersizing water system components. The planning 

horizon for surface water supplies should also encompass a longer period of time for the same reason. 

In groundwater systems that typically have distributed points of supply, changes in the rate of growth 

can be accounted for by simply adding additional wells and water main as needed. These 

improvements have relatively short implementation times and less impact on system hydraulics. In 

contrast, surface water systems that typically have one point of supply need to be developed with 

longer term demands in mind.  

 

For the purpose of modeling various supply scenarios, the population of the ultimate service area will 

provide a reasonable estimation of future water demands. The ultimate service population of 23,000 

represents a 53 percent increase above the 2010 “fully occupied” population of 15,078.  

 

3.03 DEMAND FACTORS 

 

This section presents water use factors that will be applied to the population projections to estimate 

future water demands.  

 

 

 

 

Year 
2010 U.S. 

Census 2006 Water Study (NIPC) CMAP WWTP Facility Plan 
2010 14,462* 14,209   

2030  19,843   

2040   17,239  

2050   21,230  

Ultimate    23,000 
 
*2010 Population becomes 15,078 with fully occupied housing units.  

 

Table 3.02-1 Population Projections  
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A. Per Capita Water Use 

 

The 2006 Water System Study Update reviewed historic water use trends to determine reasonable per 

capita demand factors for use in forecasting future water use. A value of 85 gallons per capita per day 

(gcd) was used in the 2006 report. This value represented the higher end of the historic range to 

provide conservative estimates.  

 

During the process of reviewing the Village’s application for a lake water allocation, the IDNR 

conducted a separate review of water use in the Village. The IDNR and the Village agreed that a value 

of 77 gcd would be used in the allocation permit. This lower number is based on historic use and the 

assumption that the Village will implement water conservation measures once the Lake Michigan 

supply is implemented.  

 

Because the Village’s lake water allocation is based on 77 gcd, this value will be used to determine 

future water demands for simulations in the hydraulic model.    

 

B. Maximum to Average Day Ratio 

 

Water use trends documented in the 2006 Water System Study Update showed the ratio of maximum 

day to average day water demands ranged from 2.5 to 3.5. A value of 2.8 was used to forecast future 

maximum day demands.  

 

The 2007 Lake Michigan Water Feasibility Study reviewed maximum to average day ratios for each of 

the Planning Group communities. The report indicated a maximum to average day ratio range of 1.71 to 

2.67 based on year 2005 data. Because the treatment, pumping, and transmission infrastructure for the 

proposed new water supply facilities needs to be sized for maximum day demands, the feasibility study 

used a value of 1.75, which represents the lower end of the range. This value is thought to be 

reasonable for sizing water supply facilities while also presenting a reasonable goal for reducing 

maximum day consumption.  

 

For the purpose of modeling the Lindenhurst system, a value of 2.0 is expected to provide reasonable 

maximum day demands. With the implementation of lake water, the Village will likely make efforts to 

reduce maximum day usage, which will reduce storage needs and operating costs.  

 

3.04 WATER DEMANDS 

 

This section uses the above information to establish present day and future water demands. These 

demands will be used in the hydraulic model to simulate system operation. Table 3.04-1 summarizes 

the demand projections.  

 

A. Present Day Design Demand 

 

The present day design demand will be based upon the 2010 United States Census Data and the 

assumption that all existing residences are occupied.  
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1. Average Day Demand–Present Day 

 

The present day average day demand is estimated by multiplying the design population of 

15,078 by the per capita water use of 77 gcd. The resulting average day demand is 1.16 million 

gallons per day (mgd), or 806 gpm.  

 

2.  Maximum Day Design Demand–Present Day 

 

Applying the maximum to average day ratio of 2.0 results in a maximum day design demand of 

2.32 mgd, or 1,613 gpm.  

 

B.  Ultimate Service Area Demand 

 

The following estimated water demands are based on the ultimate service population as previously 

described.  

 

 1.  Average Day Demand–Ultimate Service Area  

 

The average day demand of the ultimate service area is estimated by multiplying the design 

population of 23,000 by the per capita water use of 77 gcd. The resulting average day demand 

is 1.77 mgd, or 1,230 gpm. 

 

2.  Maximum Day Demand–Ultimate Service Area 

 

Applying the maximum to average day ratio of 2.0 results in a maximum day demand of 

3.54 mgd, or 2,460 gpm. 

 

 
 

 

 

 
Average Day 

(mgd) 
Average Day 

(gpm) 
Maximum Day 

(mgd) 
Maximum Day 

(gpm) 

Present Day (2010) 1.16 806 2.32 1,613 

Ultimate Service Area 1.77 1,230 3.54 2,460 

 

Table 3.04-1 Water Demand Forecasts  
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4.01 MODEL UPDATE AND CALIBRATION 

 

This section describes the updates made to the computerized hydraulic model and fire flow testing 

completed to assist in model calibration.  

 

A. Hydraulic Model Update 

 

A computerized hydraulic model was created as part of the 2006 Water System Study Update using 

WaterCad software by Haestad Methods. The model was updated using current system mapping and 

information provided by the Village. WaterGEMS, a newer version of the modeling software, was used 

for this project.  

 

B. Fire Flow Testing 

 

The purpose of performing fire flow testing during a water system evaluation is two-fold. First, the actual 

field measurements determine how much water can be drawn from a location in the water distribution 

system. This gives an indication of how strong the distribution system is in that area. Second, the fire 

flow tests can be used to calibrate the computer model by comparing model output to actual system 

conditions. Calibration of the water model is important for accurately modeling simulations.  

 

The fire flow testing procedure consists of measuring the discharge rate from the system at one or 

more hydrants and measuring the static and residual (flowing) pressure at a nearby location to monitor 

the corresponding pressure drop. At the beginning of each flow test, the static pressure is recorded at 

the monitoring hydrant. Once the flowing hydrant is opened, a residual pressure reading is taken at the 

monitoring hydrant. A pressure drop of at least 10 pounds per square inch (psi) is desired at the 

monitoring hydrant to achieve accurate flow calculations. The pressure at the flowing hydrant is taken 

with a pitot tube and gauge, which is held in the flow stream. A second static reading is taken after the 

flowing hydrant is closed to verify system conditions did not change significantly during the test.  

 

The hydrant flow rates are calculated using standard hydrant flow equations that take into account the 

pitot gauge readings, discharge coefficients, and hydrant nozzle dimensions.  

 

Additional information is also required when using the fire flow tests to calibrate a water model. The 

water level in each elevated storage tank and supply pump outputs at the time of each flow test are 

recorded or obtained from the supervisory control and data acquisition (SCADA) system to accurately 

simulate system conditions during calibration.  

 

For informational purposes, the maximum allowable flow from a location in the distribution system can 

be calculated. The maximum allowable flow is generally defined as the flow available at a residual 

pressure of 20 psi.  

 

Six fire flow tests were conducted in the Village on December 1, 2011. Table 4.01-1 presents the 

measured hydrant flows, static and residual pressures as measured at the monitoring hydrants, and 

calculated Q20 flows. For residential areas, the minimum acceptable fire flow is 500 gpm.  
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C. Calibration 

 

The field fire flow results were used to calibrate the computer model. Present day demands were 

simulated by distributing an average day demand evenly across all nodes in the model. This appears to 

be a reasonable method based on the primarily residential water use and lack of industrial high-use 

customers.  

 

The model was first run to confirm static pressures in the model reflected those observed in the field. All 

static pressures in the model were within 3 psi of the field tests. The fire flows observed in the field tests 

were input to the model and residual pressures between the model and field tests were compared. Five 

of the six modeled residual pressures were within 5 psi of those observed in the field. One test showed 

a field residual of 55 psi while the model showed a residual of 60.3 psi, for a difference of 5.3 psi. This 

difference may be the result of inaccuracy of field measurements. For the purpose of calibrating the 

model, this pressure difference is not considered problematic.  

 

Table 4.01-2 presents the model calibration data.  

 

 
  

Test Location 
Flow 
(gpm) 

Static 
Pressure 

(psi) 

Residual 
Pressure 

(psi) 
Q20 

(gpm) 

1 Savage Road 893 50 38 1,465 

2 Delaware Lane 1,176 64 55 2,650 

3 Beck Road and Mallard Drive 1,094 59 50 2,415 

4 Hickory Drive and Fairfield Road 1,006 68 60 2,645 

5 Tanager Lane and Meadowlark Circle 2,331 62 53 5,355 

6 Emerald Lane 765 54 40 2,470 

 

Table 4.01-1 Fire Flow Test Results  

Test 
Flow 
(gpm) 

Field 
Static 
(psi) 

Model 
Static 
(psi) 

Difference 
(psi) 

Field 
Residual 

(psi) 

Model 
Residual 

(psi) 
Difference 

(psi) 

1 893 50 52.0 2.0 38 36.8 -1.2 

2 1,176 64 66.0 1.0 55 60.3 5.3 

3 1,094 59 60.4 1.4 50 54.3 4.3 

4 1,006 68 67.8 -0.2 60 64.4 4.4 

5 2,331 62 62.2 0.2 53 51.0 -2.0 

6 765 54 56.5 2.5 40 36.1 -3.9 

 

Table 4.01-2 Model Calibration Results  
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4.02 MODELED SCENARIOS 

 

This section describes the various scenarios modeled as part of this evaluation. In general, the 

scenarios were chosen to evaluate the strength of the existing system and simulate the potential lake 

water connection points under varying demands and with potential system improvements.  

 

The model scenarios were based on 2010 average day and 2010 maximum day, ultimate average day, 

and ultimate maximum day demands to cover current and future “build-out” demands and flows. The 

water demands for each were as determined in Section 3.   

 

A. Service Pressure and Fire Flow  

 

The existing water system was modeled to determine the existing service pressure and fire flow 

available throughout the system. This simulation assumed 2010 maximum day demands with no well 

pumps operating and the elevated tanks 5 feet below overflow. Results of this evaluation are further 

discussed.  

 

B. System Head Curves 

 

System head curves are used to evaluate water system hydraulics by illustrating how the hydraulic 

grade (pressure) changes as flow changes at a given point in the system. The hydraulic grade is simply 

the system pressure expressed in terms of elevation. This is used to compare various points in the 

system based on one datum.  

 

A system head curve is constructed by plotting flow on the x-axis and hydraulic grade on the y-axis. At 

a flow of zero, the corresponding hydraulic grade is simply the static pressure under the chosen set of 

system conditions such as tank levels or pump status. As flow increases at a given point, the hydraulic 

grade at that point increases based on system hydraulics that are impacted by water main sizes, 

proximity to storage facilities, and system demands. In general, a location that is constricted by small 

water main and long distances to elevated storage facilities will have steep system head curves. As 

flow increases to the system at that point, the corresponding pressure increases at a high rate. In 

contrast, locations with large diameter water main and near elevated storage facilities are not subject to 

the same head loss. This results in a flatter system head curve.  

 

In planning water system improvements such as wells and pumping stations, locations with relatively 

flat system head curves are more desirable because pressure fluctuations will be lower as flow rates 

change. The goal is to maintain relatively consistent system pressure when pumps cycle on and off. 

Customers can typically sense pressure changes on the order of 10 psi and complaints generally 

increase when pressures vary to this degree. For planning purposes, 10 psi will be used as the 

maximum desirable pressure fluctuation.  

 

1. North Connection Point  

 

The hydraulic model was used to simulate system head curves at the North Connection Point 

under a variety of scenarios. The scenarios are summarized in Table 4.02-1.  
 



Village of Lindenhurst, Illinois 
Lake Water Hydraulic Modeling Section 4–Computerized Hydraulic Model 

 

 

Prepared by Strand Associates, Inc.
 
 4-4 

R:\MAD\Documents\Reports\Archive\2012\Lindenhurst, IL\Lake Water Supply.HM.1290.039.mjf.jan\Report\S4.docx\4/11/2012 

The 12-inch Loop Complete scenario refers to installing 12-inch water main in locations that 

close the gaps in the existing network of 12-inch main around the Village. The 16-, 18-, and 24-

inch connections from Savage Road to Elevated Tank No. 1 are intended to determine the 

magnitude of improvements needed to better connect the potential north connection point to 

Elevated Tank No. 1 and the remainder of the distribution system.  

 

 
 

2. South Connection Point  

 

The hydraulic model was used to simulate the system head curve at the South Connection Point 

under a variety of scenarios. The scenarios are summarized in Table 4.02-2.  

 

 

Scenario 

2010 
Average 

Day 

2010 
Maximum 

Day 

Ultimate 
Average 

Day 

Ultimate 
Maximum 

Day 

Existing System x x x x 

12-inch Loop Complete x x   

16-inch Connection Savage Road to Tank 1   x x 

18-inch Connection Savage Road to Tank 1   x x 

24-inch Connection Savage Road to Tank 1   x x 

16-inch Connection and 12-inch Loop   x x 

18-inch Connection and 12-inch Loop   x x 

24-inch Connection and 12-inch Loop   x x 

 

Table 4.02-1 North Connection Point–System Head Curve Scenarios  

Scenario 
2010 

Average 
Day 

2010 
Maximum 

Day 

Ultimate 
Average 

Day 

Ultimate 
Maximum 

Day 

Existing System x x x x 

Existing System with Tank 2 Valve Closed x x x x 

12-inch Loop Complete x x   

12-inch Loop Complete with Tank 2 Valve Closed x x   

16-inch Connection Tank 2 to Tank 1   x x 

18-inch Connection Tank 2 to Tank 1   x x 

24-inch Connection Tank 2 to Tank 1   x x 

16-inch Connection Tank 2 to Tank 1 and 12-inch 
Loop 

  x x 

18-inch Connection Tank 2 to Tank 1 and 12-inch 
Loop 

  x x 

24-inch Connection Tank 2 to Tank 1 and 12-inch 
Loop 

  x x 

16-inch Connection Tank 2 to Tank 1 and 12-inch 
Loop and Tank 2 Valve Closed 

   x 

18-inch Connection Tank 2 to Tank 1 and 12-inch 
Loop and Tank 2 Valve Closed 

   x 

24-inch Connection Tank 2 to Tank 1 and 12-inch 
Loop and Tank 2 Valve Closed 

   x 

 

Table 4.02-2 South Connection Point–System Head Curve Scenarios  
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The south connection point is very close to Elevated Tank No. 2. A lake water supply station 

in this area is expected to fill Elevated Tank No. 2 with Elevated Tank No. 1 either lagging 

far behind or with Elevated Tank No. 1 continuing to drain. This would require an altitude 

valve in Elevated Tank No. 2 and a stronger connection between the two tanks. The 

connections simulated between Elevated Tank No. 2 and Elevated Tank No. 1 are intended 

to evaluate the impact of larger water main between the tanks on system head near the 

south lake water connection. The Elevated Tank No. 2 Valve Closed scenario simulates an 

altitude valve at Elevated Tank No. 2, which is needed to avoid overflowing Elevated Tank 

No. 2 and to allow Elevated Tank No. 1 to fill from the south.  

 

C. Tank Balance 

 

With two elevated tanks in operation, future changes to the water supply scheme need to consider how 

the tanks will operate in relation to each other. The existing system appears to distribute water from the 

wells to both tanks relatively evenly. The tanks fill and empty at approximately the same rates without 

one tank lagging significantly behind the other.  

 

Supplying lake water from the edge of the existing system at either the North or South Connection Point 

will impact the hydraulic balance between the tanks.  

 

The model was used to quantify the filling rates of the tanks under the following scenarios. The ultimate 

average day demand was simulated along with new lake water supply pumps at the connection points 

sized to deliver the maximum day demand rate.  

 

1. North Connection Point  

 

a. 12-inch Loop Complete 

b.  18-inch Reinforcing Main from Savage Road to Elevated Tank No. 1 

c.  12-inch Loop and 18-inch Reinforcing Main 

d.  18-inch Reinforcing Main and 16-inch from Elevated Tank No. 1 to Elevated Tank 

No. 2 

e.  18-inch Reinforcing Main and 24-inch from Elevated Tank No. 1 to Elevated Tank 

No. 2 

 

2. South Connection Point  

 

a. 12-inch Loop Complete 

b.  16-inch from Elevated Tank No. 1 to Elevated Tank No. 2  

c.  12-inch Loop and 16-inch from Elevated Tank No. 1 to Elevated Tank No. 2 

d.  24-inch from Elevated Tank No. 1 to Elevated Tank No. 2 

e.  12-inch Loop and 24-inch from Elevated Tank No. 1 to Elevated Tank No. 2 

 

3. North and South Connection Points 

 

a. 12-inch Loop Complete 

b.  16-inch Reinforcement from Savage Road to Elevated Tank No. 2 
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4.03 MODELING RESULTS 
 

This section presents the results of the modeling scenarios and serves as the basis for determining 

improvements needed to accommodate each lake water supply option.  
 

A. Service Pressure and Fire Flow 
 

The existing well supply and water distribution system provides the Village with a strong water supply 

system. Static pressure under 2010 maximum day demands were found to range from 35 to 86 psi. The 

range in pressure is simply as a result of variation in ground elevations within the service area. These 

service pressures are within the acceptable range. 
 

The modeled available fire flow based on a minimum system pressure of 20 psi ranged from 500 gpm 

to 4,500 gpm. Figure 4.03-1 shows the fire flow contours generated by the computer model. The 

northwest portion of the service area is limited in fire flow by higher elevations and an 8-inch water main 

that creates a bottleneck near Grass Lake Road and Beck Road. Fire flows in this area were simulated 

by the model to be approximately 500 gpm. While this is on the low end of the desirable range, it is not 

considered deficient. Areas of lower elevation (higher pressure) and areas near the elevated storage 

tanks exhibited fire flows in excess of 3,000 gpm and up to 4,500 gpm.  
 

Overall, the existing system is thought to provide sufficient fire flow to all service areas. Improvements 

needed to accommodate a lake water supply will improve fire flow as an added benefit.  
 

B. System Head Curves 
 

1. North Connection Point 
 

The existing system head curve at the North Connection Point is shown in Figure 4.03-2. The 

curve indicates this area is limited hydraulically by a poor connection to the elevated storage 

tanks. A supply flow of approximately 720 gpm at this location increases pressure at the 

connection point by 10 psi. Pumping the 2010 maximum day demand of 1,613 gpm to the 

system at this point would increase pressure by roughly 45 psi. Pumping the ultimate maximum 

day demand of 2,460 gpm to the system at this point would increase pressure by roughly 

100 psi.  
 

These results indicate that the North Connection Point requires a strengthened connection to 

the elevated tank and distribution system. While there are 12-inch water mains in the area, there 

is a bottleneck near Grass Lake Road and Beck Road where the only connection is an 8-inch 

water main. The following model scenarios are intended to quantify the improvements needed 

to create a better connection to the northwest part of the system.  
 

a. 12-inch Loop Complete 
 

Figure 4.03-3 illustrates the locations where the 12-inch loop could be completed. 

Figure 4.03-2 compares the existing system head curve with the system head curve 

resulting from completion of the 12-inch system loop. With the gaps in the 12-inch loop 

complete, the connection to the northwest part of the system improves but not enough to 

accommodate maximum day flows. A supply flow of approximately 1,075 gpm results in 

a 10 psi pressure increase under this scenario.  
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FIGURE 4.03-1 
 
AVAILABLE FIRE FLOW CONTOURS–EXISTING SYSTEM 
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FIGURE 4.03-2 
 
NORTH CONNECTION POINT–SYSTEM HEAD CURVES–EXISTING VS. 12-INCH LOOP 
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FIGURE 4.03-3 
 
12-INCH LOOP IMPROVEMENTS 
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b. 16-, 18-, and 24-inch Improvements 
 

The model was used to simulate various sizes of water main between the North 

Connection Point and Elevated Tank No. 1. Figure 4.03-4 illustrates the modeled 

connection. The actual route for any improvements may vary. The intent of the 

simulation is to determine the effective size of the needed improvements.  
 

Figure 4.03-5 shows the resulting system head curves for each water main 

improvement. All three water main sizes result in a drastic decrease in pressure change 

and improvement in the system head curve. With the 16-inch water main, a supply flow 

of 2,200 gpm results in a 10 psi pressure increase. With the 18-inch water main, a 

supply flow of 2,500 gpm results in a 10 psi pressure increase. With the 24-inch water 

main, a supply flow of 3,100 gpm results in a 10 psi pressure increase. An 18-inch 

equivalent connection is expected to create a suitable connection between the North 

Connection Point and the elevated tank and distribution system.  
 

c. 12-inch Loop Combined with 16-, 18-, and 24-inch Improvements 
 

As anticipated, combining the completed 12-inch loop with the water main improvements 

between the North Connection Point and Elevated Tank No. 1 shows significant 

improvement in system head curves in comparison to the existing system. The 16-, 18-, 

and 24-inch water main connections contribute to most of the improvement. An 18-inch 

connection would be recommended along with the 12-inch loop improvements.  
 

2. South Connection Point 
 

Figure 4.03-6 shows the existing system head curve near the South Connection Point. With 

Elevated Tank No. 2 located near this potential connection point, the system head curve is very 

flat and is only limited by the short section of water main between the tank and the connection 

point.  
 

All scenarios modeled at the South Connection Point with Elevated Tank No. 2 in service, 

including the 12-inch loop and each size of additional water main between the two elevated 

tanks, show virtually no change in the system head curve because of the short distance 

between the supply point and tank.  
 

The challenge associated with the South Connection Point will be filling Elevated Tank No. 1 

and getting the elevated tanks to balance while the lake water supply pumps are operating.  
 

a. Elevated Tank No. 2 Closed 
 

The model was used to simulate an operating condition where an altitude valve is used 

to temporarily isolate Elevated Tank No. 2 from the system and force water north to fill 

Elevated Tank No. 1. This would prevent Elevated Tank No. 2 from overflowing and 

allow longer pump runtimes. Figure 4.03-6 also shows the system head curve that 

results when Elevated Tank No. 2 is isolated. When Elevated Tank No. 2 is isolated from 

the system, water from the South Connection Point is exposed to much higher head loss 

in the system resulting in a much steeper system head curve. The supply flow at the 

South Connection Point at a 10 psi pressure increase is limited to approximately 

1,300 gpm.   
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FIGURE 4.03-4 
 
NORTH CONNECTION WATER MAIN IMPROVEMENTS 
 

  
  

16-, 18-, and 24-Inch 
Connections Modeled Between 
North Supply Point and Elevated 
Tank No. 2 
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FIGURE 4.03-5 
 
NORTH CONNECTION POINT–SYSTEM HEAD CURVES–WATER MAIN IMPROVEMENTS 
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FIGURE 4.03-6 

 

SOUTH CONNECTION POINT–SYSTEM HEAD CURVES 
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b.  Elevated Tank No. 2 Closed with 12-inch Loop Complete 

 

Figure 4.03-8 shows the resulting system head curve with the 12-inch water main loop 

complete around the system. The 12-inch loop improves the supply point hydraulics only 

marginally when Elevated Tank No. 2 is isolated from the system. The completed 

12-inch loop alone is not sufficient to keep the pressure increase below 10 psi at 

maximum day flows.   

 

c.  Elevated Tank No. 2 Closed with 12-inch Loop and Water Main Improvements 

Between Elevated Tanks 

 

The model was used to simulate additional water main improvements intended to reduce 

the pressure increase when Elevated Tank No. 2 is isolated and when pumps operate at 

the South Connection Point. Figure 4.03-7 shows the general layout of improvements 

modeled for this scenario. 

 

Figure 4.03-8 compares the system head curves with the 12-inch loop complete and with 

the 12-inch loop plus the 16-, 18-, and 24-inch water main reinforcements between the 

elevated tanks.  

 

The 16-inch reinforcement allows for 2010 maximum day flows but not the ultimate 

maximum day. The 18-inch reinforcement allows for 2010 and ultimate maximum day 

flows while keeping the pressure increase below 10 psi.  

 

An 18-inch connection could be achieved with one 18-inch pipe between the tanks or 

with several smaller (12- and 16-inch) connections strategically located in the system. 

The exact location and pipe size should be determined during preliminary design of the 

improvements.   

 

3.  Both North and South Connection Points 

 
If the Village used both the North and South lake water connection points, the pumping stations 

at each location could be sized for one-half of the total maximum day demand. Consequently, 

the water main improvements required with each point of supply would be designed to 

accommodate one-half the amount of flow previously discussed. The pipe sizes for the 

improvements would be reduced, but the overall length of installed pipe would be greater 

because improvements would still be needed for each point.  
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FIGURE 4.03-7 
 
SOUTH CONNECTION WATER MAIN IMPROVEMENTS 

 
 
 
  

16-, 18-, and 24-Inch 
Connections Modeled Between 
South Supply Point and Elevated 
Tank No. 1 
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FIGURE 4.03-8 
 
SOUTH CONNECTION POINT–SYSTEM HEAD CURVES 
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SECTION 5 

SUPPLY AND DISTRIBUTION IMPROVEMENTS 
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5.01 SUMMARY OF LAKE WATER SUPPLY HYDRAULICS AND SYSTEM NEEDS 

 

This section provides a brief summary of the system hydraulics and facilities associated with a lake 

water supply and is followed by a list of needed improvements and costs.  

 

A. Lake Water Supply Schematic 

 

The extent of new infrastructure needed to accept lake water depends on the conditions of the 

wholesale water purchase agreement and associated hydraulics. For the purpose of this report, it is 

assumed that purchased water will be delivered to the Village at atmospheric pressure and discharged 

to ground-level storage tanks. High-lift pumping equipment will be needed to pump the water from 

ground-level storage to the distribution system. Figure 5.01-1 shows a schematic of this mode of 

supply.  

 

 
 

Pumping equipment at the connection points needs to be sized to deliver maximum day demand flows 

to the system. Redundancy and auxiliary power supply should be built into the pumping facilities.  

 

B. Summary of System Hydraulics 

 

As discussed in previous sections, switching from a distributed well supply to a single supply point on 

the edge of the existing distribution system presents some unique challenges. The existing distribution 

system is not configured to accept a maximum day supply flow at one point. Water main improvements 

will be needed to minimize pressure fluctuation near the pumping facilities and to create better balance 

between the two elevated storage tanks.  

  

 
 

Figure 5.01-1 Lake Water Supply Schematic  
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5.02 STORAGE AND PUMPING FACILITIES 
 

This section presents likely design criteria and costs for storage and pumping facilities needed for the 

lake water supply.  
 

A. Water Storage Facilities 
 

Water storage facilities are needed to maintain system pressure, allow for daily operating level 

fluctuations, provide volume for fire fighting, and satisfy peak hourly demands. The Village currently has 

1,250,000 gallons of elevated storage volume.  
 

Under typical wholesale water purchase agreements, the purchaser’s water system needs to have 

sufficient storage volume to provide for peak daily demands to prevent relying on the wholesale water 

supplier for supply to meet instantaneous high demands. The resulting storage requirement can be up 

to two times the average day demand volume. The actual volume required may be dictated by 

operational needs, contractual requirements, or both.  
 

1.  Peak Daily Demands 
 

Figures 5.02-1 and 5.02-2 show graphs of hourly demands based on the 2010 maximum day 

and ultimate maximum day. Variations in hourly demand are based on a standard diurnal curve 

published by the American Water Works Association. This accounts for typical water use 

patterns created by daily routines of residential customers. The horizontal line depicts the hourly 

supply flow available from the pumping facilities which, on these graphs, is equivalent to the 

average hour of the maximum day demand flow. Any volume above the maximum day hourly 

demand rate needs to be satisfied with storage volume. The total volume above the horizontal 

supply line becomes the volume of peak daily demands that needs to come from storage. 

Based on the 2010 maximum day demand, the peak daily volume is 420,000 gallons. Based on 

the ultimate maximum day demand, the peak daily volume is 640,000 gallons.  
 

2. Fire Protection Volume 
 

Fire fighting volumes are estimated based on standard fire flow rates over a select time period. 

The previous water system evaluations completed by the Village have used fire flows equal to 

3,500 gpm over three hours. The resulting storage volume reserved for fire protection is 

630,000 gallons.  
 

3. Operational Fluctuation 
 

Planning for storage facilities needs to account for fluctuations resulting from normal operating 

levels in the elevated tanks. Tank levels vary throughout the day based on supply pump set 

points and water use patterns. The two elevated tanks have a total operating range of 38 feet. 

Assuming the upper 8 feet of the range is used for operational fluctuations equates to 

approximately 300,000 gallons.  
 

4.  Total Storage Required 
 

Based on the above criteria, the minimum storage volume for the 2010 maximum day is 

1,350,000 gallons and for the ultimate maximum day is 1,570,000 gallons.  
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FIGURE 5.02-1 
 
2010 HOURLY DEMAND VOLUME  
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FIGURE 5.02-2 

 

ULTIMATE HOURLY DEMAND VOLUME  

 

 
  

0

50,000

100,000

150,000

200,000

250,000

300,000

0
:0

0
:0

0

1
:0

0

2
:0

0

3
:0

0

4
:0

0

5
:0

0

6
:0

0

7
:0

0

8
:0

0

9
:0

0

1
0

:0
0

1
1

:0
0

1
2

:0
0

1
3

:0
0

1
4

:0
0

1
5

:0
0

1
6

:0
0

1
7

:0
0

1
8

:0
0

1
9

:0
0

2
0

:0
0

2
1

:0
0

2
2

:0
0

2
3

:0
0

2
4

:0
0

:0
0

G
a
ll
o

n
s
 p

e
r 

H
o

u
r 

Time of Day 

Volume of Peak Demands = 
640,000 gallons 

Pumped Supply 



Village of Lindenhurst, Illinois 
Lake Water Hydraulic Modeling Section 5–Supply and Distribution Improvements 

 

 

Prepared by Strand Associates, Inc.
 
 5-5 

R:\MAD\Documents\Reports\Archive\2012\Lindenhurst, IL\Lake Water Supply.HM.1290.039.mjf.jan\Report\S5.docx\4/11/2012 

The storage requirements may also be dictated by terms of the wholesale water purchase 

agreement. For example, if an agreement requires storage equivalent to two average day 

demands, the 2010 storage would be 2.32 million gallons and the ultimate storage would be 

3.54 million gallons.  

 

For projecting costs associated with the lake water connection, a ground-level storage volume 

of 500,000 gallons is assumed. This will bring the total storage volume to 1,750,000 gallons, 

which would be sufficient storage to meet the ultimate design condition but does not equate to 

two average days of storage. The supply point(s) should be designed to accommodate future 

expansion of storage volume to reduce the upfront cost.  

 

B. Water Pumping Facilities 

 

The high-lift pumping station(s) required to pump water from ground-level storage to the distribution 

system should be designed to deliver water at a rate equal to the maximum day demand. The station(s) 

should include metering of purchased water, chemical feed equipment (if needed) for additional 

disinfection, pumping equipment, discharge metering, auxiliary power, and site piping. At the South 

Connection Point, an altitude valve will be needed at Elevated Tank No. 2. 

 

For cost estimating purposes, the pumping station for a single point of supply is assumed to include two 

1,000 gpm high-lift pumps and two 500 gpm high-lift pumps. This arrangement would provide capacity 

to meet 2010 maximum day demands and includes redundancy to account for pump maintenance. If 

two supply points are used (North and South Connection Points), each pumping station is expected to 

include one 1,000 gpm pump and one 500 gpm pump.  

 

The facility should be designed to allow an increase in the pumping capacity in the future as demands 

increase. The supply pumps would likely operate on variable frequency drives for added efficiency and 

to allow flexibility in controlling the delivery rate to the system.  

 

A site size of approximately 2 acres is expected to provide sufficient space for the storage and pumping 

facilities including future capacity expansion.  

 

The opinions of probable cost for single and dual connection points are presented in Section 5.04.    

 

5.03 DISTRIBUTION SYSTEM IMPROVEMENTS 

 

This section presents distribution system improvements needed for each supply scenario. Opinions of 

probable cost for these improvements are presented in Section 5.04.  

 

A. North Connection Point 

 

Based on the evaluation of system hydraulics discussed in Section 4, the North Connection Point 

should include the following improvements: 

 

1. 18-inch water main from the point of supply to Elevated Tank No. 1. 

2. 18-inch (or equivalent) connection between the two elevated tanks.  
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3. Completion of the 12-inch loop. 

 
Figure 5.03-1 shows the distribution system improvements upon which the costs are based. Exact 
routes for the improvements should be evaluated further prior to final design.  
 
B. South Connection Point 

 

The South Connection Point would likely be located near Elevated Tank No. 2. As discussed in 

Section 4, system improvements would be needed to reduce pressure fluctuation when Tank No. 2 is 

isolated from the system and Tank No. 1 fills from the south. Distribution system improvements 

associated with the South Connection Point include the following: 

 

1. 18-inch (or equivalent) connection between the elevated tanks.  

2. Completion of the 12-inch system loop. 

 

Figure 5.03-2 shows the distribution system improvements upon which the costs are based. Exact 

routes for the improvements should be evaluated further prior to final design. 

 

C. North and South Connection Points 

 

If two supply points are utilized, the following distribution system improvements are recommended: 

 

1. 16-inch connection between North supply point and Elevated Tank No. 1. 

2. 16-inch (or equivalent) connection between the elevated tanks.  

3. Completion of the 12-inch system loop. 

 

Figure 5.03-3 shows the distribution system improvements upon which the costs are based. Exact 

routes for the improvements should be evaluated further prior to final design. 

 

5.04 OPINIONS OF PROBABLE COST 

 

This section presents the opinions of probable construction cost for each supply scenario. 

 

Table 5.04-1 presents the opinion of probable cost for all facilities and improvements needed to 

implement a lake water supply at the North Connection Point.  

 
Table 5.04-2 presents the opinion of probable cost for all facilities and improvements needed to 
implement a lake water supply at the South Connection Point. 
 
Table 5.04-3 presents the opinion of probable cost for all facilities and improvements needed to 
implement a lake water supply for the North and South Dual Connection Point.  
 
The tables include costs for pumping and storage facilities and water main improvements associated 

with each supply scenario. The design criteria for the facilities and assumed routes for water main 

improvements are intended to provide realistic cost projections, but the details of design and exact 

water main routes will require further consideration during planning and design. 



Village of Lindenhurst, Illinois 
Lake Water Hydraulic Modeling Section 5–Supply and Distribution Improvements 

 

 

Prepared by Strand Associates, Inc.
 
 5-7 

R:\MAD\Documents\Reports\Archive\2012\Lindenhurst, IL\Lake Water Supply.HM.1290.039.mjf.jan\Report\S5.docx\4/11/2012 

FIGURE 5.03-1 

 
NORTH CONNECTION POINT WATER MAIN IMPROVEMENTS SCHEMATIC 
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FIGURE 5.03-2 
 
SOUTH CONNECTION POINT WATER MAIN IMPROVEMENTS SCHEMATIC 
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FIGURE 5.03-3 
 
NORTH AND SOUTH CONNECTION POINT WATER MAIN IMPROVEMENTS SCHEMATIC 
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TABLE 5.04-1 
 
OPINION OF PROBABLE CONSTRUCTION COST–NORTH CONNECTION POINT  
 

Facility Cost 

  Building Structure (~2,000 sq ft) $300,000 

  High-Lift Pumps (two 1,000 gpm; two 500 gpm) $160,000 

  Metering $20,000 

  Chemical Feed Equipment $20,000 

  Auxiliary Generator $150,000 

  Piping/Mechanical $150,000 

  Building Electrical $100,000 

  Electrical Service Connection
1
 $75,000 

  Site Acquisition (2 acres) $80,000 

  Site Piping $50,000 

  Site Work/Restoration $30,000 

Subtotal $1,135,000 

Reservoir (Assumes Bolted or Welded Steel
2
)  

  Reservoir Structure–500,000 gallons $1,000,000 

  Site Piping/Site Work $100,000 

Subtotal $1,100,000 

  

Pumping Facility and Reservoir Subtotal $2,235,000 

Engineering and Contingency (20%) $447,000 

Pumping Facility and Reservoir Total $2,682,000 

 

Water Main Improvements (See Figure 5.03-1)  

Size (in) Length (ft) Unit Cost
3
 Extension 

18 9,200 $200 $1,840,000 

18 1,000
4
 $400 $400,000 

16 10,100 $175 $1,767,500 

12 10,900 $165 $1,798,500 

12 4,400 $165 $726,000 

12 6,500 $165 $1,072,500 

Subtotal $7,604,500 

Engineering and Contingency (20%) $1,520,900 

Water Main Total $9,125,400 

 

North Connection Point Total $11,807,400 

 
1
The costs shown for Electrical Service Connection are approximate costs  based on typical 3-phase service connections. The 

electric utility is not able to provide service costs until an application is made for new service. 
 
2
Steel reservoir assumed based on slightly higher cost versus concrete reservoir. Concrete construction is expected to cost 

approximately 8% less than steel construction.  
 
3
Unit costs include pipe material cost, installation and assumptions including new water services, road repair, and curb and gutter. 

 
4
 1,000 feet of 18 inch across the dam.  

 
 

TABLE 5.04-2  
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OPINION OF PROBABLE CONSTRUCTION COST–SOUTH CONNECTION POINT 
 

Facility Cost 

  Building Structure (~2,000 sq ft) $300,000 

  High-Lift Pumps (two 1,000 gpm; two 500 gpm) $160,000 

  Metering $20,000 

  Chemical Feed Equipment $20,000 

  Auxiliary Generator $150,000 

  Piping/Mechanical $150,000 

  Electrical $100,000 

  Electrical Service Connection
1
 $75,000 

  Site Acquisition (0.5 acres additional to existing Village land) $20,000 

  Altitude Valve $30,000 

  Site Piping $50,000 

  Site Work/Restoration $30,000 

Subtotal $1,105,000 

Reservoir (Assumes Bolted or Welded Steel
2
)  

  Reservoir Structure–500,000 gallons $1,000,000 

  Site Piping/Site Work $100,000 

Subtotal $1,100,000 

  

Pumping Facility and Reservoir Subtotal $2,205,000 

Engineering and Contingency (20%) $441,000 

Pumping Facility and Reservoir Total $2,646,000 

 

Water Main Improvements (See Figure 5.03-2)  

Size (in) Length (ft) Unit Cost
3
 Extension 

12 25,100 $165 $4,141,500 

16 10,100 $175 $1,767,500 

Subtotal $5,909,000 

Engineering and Contingency (20%) $1,181,800 

Water Main Total $7,090,800 

 

South Connection Point Total $9,736,800 

 
1
The costs shown for Electrical Service Connection are approximate costs  based on typical 3-phase service connections. The 

electric utility is not able to provide service costs until an application is made for new service. 
 
2
Steel reservoir assumed based on slightly higher cost versus concrete reservoir. Concrete construction is expected to cost 

approximately 8% less than steel construction.  
 
3
Unit costs include pipe material cost, installation and assumptions including new water services, road repair, and curb and gutter. 
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TABLE 5.04-3  
 
OPINION OF PROBABLE CONSTRUCTION COST–NORTH AND SOUTH CONNECTION POINTS 
 

Facility Cost 

  Building Structure (~1,500 sq ft) $225,000 

  High-Lift Pumps (two 1,000 gpm; two 500 gpm) $80,000 

  Metering $15,000 

  Chemical Feed Equipment $15,000 

  Auxiliary Generator $100,000 

  Piping/Mechanical $100,000 

  Electrical $75,000 

  Electrical Service Connection
1
 $150,000 

  Site Acquisition (1 acre at North Connection Point) $40,000 

  Site Piping $50,000 

  Site Work/Restoration $30,000 

Subtotal $880,000 

  

Reservoir (Assumes Bolted or Welded Steel
2
)  

  Reservoir Structure–250,000 gallons $600,000 

  Site Piping/Site Work $90,000 

Subtotal $690,000 

  

Pumping Facility and Reservoir Subtotal $1,570,000 

Engineering and Contingency (20%) $314,000 

Pumping Facility and Reservoir Total $1,884,000 

Total for Two Pumping and Storage Facilities $3,768,000 

 

Water Main Improvements (See Figure 5.03-3)  

Size (in) Length (ft) Unit Cost
3
 Extension 

18 5,900 $200 $1,180,000 

12 33,300 $165 $5,494,500 

Subtotal $6,674,500 

Engineering and Contingency (20%) $1,334,900 

Water Main Total $8,009,400 

 

North and South Dual Connection Point Total $11,777,400 

 
1
The costs shown for Electrical Service Connection are approximate costs based on typical 3-phase service connections. The 

electric utility is not able to provide service costs until an application is made for new service.  
 
2
Steel reservoir assumed based on slightly higher cost versus concrete reservoir. Concrete construction is expected to cost 

approximately 8% less than steel construction.  
 
3
Unit costs include pipe material cost, installation and assumptions including new water services, road repair, and curb and gutter. 
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C. Discussion 

 

The opinion of probable cost associated with a single lake water connection point a t the North 

(Savage Road) location including ground-level storage, pumping station, and water main 

improvements is $11.8 million.  

 

The opinion of probable cost associated with a single lake water connection point at the South 

(Falling Waters) location including ground-level storage, pumping station, and water main 

improvements is $9.7 million.  

 

The opinion of probable cost associated with dual lake water connection points at both North and 

South locations including two ground-level storage reservoirs, two pumping stations, and related 

water main improvements is $11.8 million.  

 

The exact locations for the storage and pump station facilities and routes for any water main 

improvements should be further investigated as part of preliminary design for these improvements.   

 

D.  Cost Control and Phasing 

 

The upfront capital costs associated with a lake water supply could be reduced by designing the 

connection point facilities and water main improvements in phases intended to satisfy near -term 

water demands and delaying certain improvements until demands dictate the need.  

 

The water main additions needed to improve system hydraulics present the highest cost 

component of the lake water supply. A more detailed investigation of exact water main routes and 

sizes should be conducted to consider local constraints such as road reconstruction schedules, 

extension of water service to private well owners, and using multiple routes of smaller main in lieu 

of one large diameter connection. A detailed capital improvement plan focusing on water main 

additions would provide the Village with a more accurate timeline for needed improvements and 

detailed costs to include items such as water service connections, road reconstruction, curb and 

gutter, and sidewalk. This type of phased approach to the water main improvements is expected to 

satisfy the hydraulic needs of a lake water supply while prioritizing the capital costs based on 

near-term water demands. 
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