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Introduction 
 
In 2008, Giffels-Webster Engineers completed the Commerce Township Water 
Reliability Study, which included a discussion about water storage.  The study 
recommended that the Township consider constructing a water storage tank with 
sufficient capacity to control peak hour demands.  This could significantly lower the 
water rates that Commerce Township pays to Detroit Water and Sewer Department 
(DWSD).  Currently, Commerce Township pays DWSD a higher rate for water than any 
other DWSD customer (see Appendix 1).  This is because the rate structure the DWSD 
has in place depends on several factors including distance from the source, elevation of 
the receiving community, maximum daily demands, annual volume, and peak hour 
usage. 
 
The distance and elevation factors are based on Commerce Township’s geographical 
location and these factors cannot be changed.  In fact, the peak hour usage factor is the 
only factor which the Township can reasonably expect to control.  If the Township could 
reduce peak hour demands to be equal to maximum day demands, then Commerce 
Township could save between $1,300,000 - $1,500,000 in water costs in the first year, 
with that amount increasing each year as water usage increases. 
 
Peak hour demands typically occur during the morning hours and in the late afternoon 
during the heat of the summer.  This is when people are sprinkling their lawns and at the 
same time using water for meals and sanitary purposes.  To some extent, this peak hour 
usage can be controlled by changing peoples’ behavior and encouraging residents to 
water their lawns at “off-peak” hours.  A few years ago, the Township adopted a water 
sprinkling ordinance with the intent of changing the residents’ pattern of sprinkling their 
lawns, thus reducing the peak hour usage.  So far, this has not been effective. 
 
Another approach to reduce the peak hour is to store water during the times of the day 
when water demand is low, and then use that stored water when system demand is 
high.  Water can be stored in elevated water storage tanks or in storage tanks that sit at 
ground level.  Water storage tanks do not change the overall peak hour demands of 
Commerce Township’s customers, but rather, the storage tank is used to supplement 
the water supply coming from the DWSD meters, which lowers the peak hour demand 
that the DWSD sees at its water meters.    
 
The Oakland County Water Resources Commissioner (WRC) operates & maintains 
Commerce Township’s public water system, and did a preliminary analysis on the 
installation of water storage in Commerce Township.  This analysis estimates potential 
savings of approximately $1.3 million/year if the Township could reduce peak hour 
usage.  The WRC’s preliminary analysis showed that water storage was cost effective 
and had a return on investment of approximately 5 years. 
 
The Commerce Township Board of Trustees requested that Giffels-Webster Engineers 
(GWE) expand on the water storage discussions from the Water Reliability Study and 
the WRC Analysis to provide a more detailed Water Storage Feasibility Study.  This 
report is a summary of the findings from that study.  GWE confirms that water storage 
will be effective at dampening the peak hour demands, which in turn will significantly 
reduce DWSD’s water rates to Commerce Township.   
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Scope of Study 
 
The purpose of this study was to provide some additional analysis to determine how 
large the water storage tank should be, whether a booster pump station would be 
required, possible sites for the tank, and alternative types of tanks along with their 
associated costs.  The following is a summary of steps that were taken to answers these 
questions:    
 

1) The WaterCAD computer model that was prepared as part of the Water 
Reliability Study was enhanced to include an extended period simulation (EPS) 
that simulates the hour by hour demands in the current water system.  An EPS 
model is a more accurate model of the actual system demand throughout an 
entire time period and can better show whether the system is capable of filling 
elevated tanks during off peak hours without the use of booster pumps.   

 
2) The WaterCAD model with the EPS simulation was then used to determine the 

initial requirements for the water storage facility including capacity, elevation, 
pumping requirements, and the estimated date when additional storage facilities 
might be required. The model was also used to determine the booster pump 
requirements. 

 
3) Available maps were used to identify possible locations for the water storage 

facility.  Each location was then photographed and put into a rendering to help 
the Township board with site selection.  (These drawings are not included with 
the report at this time). 

 
4) Research was done to determine alternative tank designs that are feasible for the 

proposed use.  Pros and cons of each tank alternative were researched as well. 
 

5) Estimates of cost, and return on investment were estimated for the all viable 
alternatives. 

 
6) Final recommendations were prepared. 
 

It is important to note that water storage tanks are generally designed around three 
criteria:  fire protection, control of peak hour demands, and emergency back-up.  The 
Water Reliability Study concluded that Commerce had a reliable water system capable 
of meeting fire protection needs without water storage.  Thus, in this case, water storage 
is being considered only to dampen peak hour demands.  If the Township wanted to 
consider providing additional storage for fire protection and emergency back-up, Table 1 
below shows the appropriate volumes that would be required.  
 
 

Storage Use Volume Needed Criteria 
Fire Proctection 540,000 gallons 3000 gpm over a 3 hour period 
Emergency Back-Up 2,000,000 gallons 2,600 gpm (avg day) for the year 2022 

over a 12 hour period 
Table 1 – Fire Protection & Emergency Back-up Criteria 
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WaterCAD Model with Extended Period Simulation (EPS) 
 
A steady state WaterCAD model was developed as part of the Water Reliability Study 
that was completed in 2008.  This steady state model used fixed data such as customer 
demands and water pressures at the DWSD connection points to determine how the 
water system would respond.  The steady state model can be used to evaluate the water 
system under different fixed rate demands by developing different demand scenarios 
and running each scenario through the computer model.   
  
In the real world, customer usage is not constant over the course of a day; rather, the 
demands follow a fairly predictable cycle with peaks in the morning and late afternoon 
hours, and lower demands in the middle of the day and while people are sleeping. To 
better understand how water storage will affect Commerce Township’s public water 
supply system, the WaterCAD model was updated to include extended period simulation 
(EPS).  EPS allows the modeler to vary several parameters over the course of time, 
usually a one to three day period.  For this study, only customer demands were 
considered to be important parameters for modeling with EPS.  The supply pressures 
may also vary over time; but, the pattern of how the supply pressures vary throughout 
the day is unpredictable.  Therefore, the supply pressures for this EPS model were 
assumed to be the pressures which the DWSD has agreed to provide in the contract. 
 

Extended Period Simulation Assumptions   
To develop the EPS model, certain assumptions must be made about customer 
demand patterns, and about the approach that will be used to lower the peak 
hour flows to the maximum day demands.  For this EPS model, the following 
assumptions were made: 
 

1) The demand pattern on June 27, 2005 is a typical maximum day demand 
pattern.  This is the day in the year 2005 when DWSD’s water system 
experienced its maximum demand.  See Appendix 2 for this demand 
pattern.  This is considered a conservative assumption because as a 
water system grows, the maximum day and peak hour demands tend to 
get smaller in comparison to average day demands. 

 
2) Average day demands will increase at a constant rate of 95 gallons per 

minute per year (based on the Water Reliability Study).  This is equivalent 
to between 400 and 500 residential equivalent units per year and is 
considered to be aggressive growth.  Thus, if the storage facility is sized 
for 10 years of growth, it may be effective at controlling the peak 
demands for longer than 10 years based on the actual growth Commerce 
Township experiences in the same time period. 

 
3) Flow control valves will be installed just down stream of the DWSD 

meters.  Each flow control valve can be set at a desired maximum flow 
rate.  Restricting flow at the DWSD connection points will allow the 
storage tank(s) to empty during periods when system demands exceed 
the maximum day demands.  The flow control system can be overridden if 
the storage tank is empty or communication between the tanks and the 
flow control system is lost. 
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4) DWSD will continue to allow Commerce Township to exceed the contract 
maximum day demand without a rate penalty between 12:00 midnight 
and 6:00 AM.  (This is currently allowed per contract).     

    
 
 

Extended Period Simulation Scenarios  
 
To evaluate how water storage would affect the Commerce Township water 
distribution system the following scenarios were developed and analyzed using 
the WaterCAD model: 
 
 

1) Year 2022 Maximum Day Demand (7,800 gpm) with one elevated storage 
tank:  In this set of scenarios, the model was tested to determine how the 
system would control peak hour demands with one elevated water 
storage tank.  With this set of scenarios, the model showed: 

 
a) A storage tank with a volume of 1 million gallons is sufficient to 

control the peak hour demands for the year 2022 under ideal 
conditions (950,000 gallons of storage used; 1 million gallons 
of storage provides less than a 10% contingency).  This is less 
storage than what was estimated in the Water Reliability 
Study:  The EPS model showed that the storage tank was able 
to refill during mid day lower flow periods, which reduces the 
amount of storage that would otherwise be required.     

 
b) The minimum elevation of the tank (tank empty) should be 

1088 USGS (or approximately 98 feet high).  With this 
elevation, a minimum static pressure of 35 psi can be 
maintained throughout the distribution system when the tank is 
empty.  Unit 98 of Huron Hills site condominium has a brick 
ledge elevation of approximately 1018 USGS, with fixtures on 
the second floor estimated to be at approximately elevation 
1035.  This is the highest structure served by the water 
system, and the water tower will supply over 20 psi of static 
pressure to the second floor when the tank is empty.     

 
c) Filling the proposed elevated storage tank during a period of 

multiple maximum day demands should be possible for 
several years without the use of a booster pumping station.  
The EPS model showed that the system is able to fill a 1 
million gallon storage tank, at the projected 2022 day 
demands, with successive maximum day demands.  
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2) Ultimate Maximum Day Demand (12,400 gpm):  In this set of scenarios, 

the model was tested to estimate the volume of storage that will ultimately 
be required to control the peak hour demands.  The system was modeled 
with storage in the vicinity of Fire Station No. 1.  With this set of 
scenarios, the model showed: 

 
a) A total storage volume of 1.75 million gallons should be 

sufficient to control ultimate peak hour demands. 
 
b) A booster pump station will someday be necessary to fill an 

elevated storage tank during an extended period of maximum 
day (or near maximum day) demands, as might be expected 
when there is a string of hot dry days.  The need for a booster 
station is driven largely by the high water elevation of the 
elevated tank.  Selecting a tank with a lower head elevation 
(distance from bottom of tank full elevation) will help to put off 
the need for a booster station. 

 
c) A booster station that is set up to fill the tank during a six hour 

period in which the DWSD allows Commerce Township to 
exceed the maximum day demands is the simplest system and 
this is the booster system that was modeled.  The EPS model 
showed that working pressures of at least 35 psi could be 
delivered throughout the system with maximum day demands.  
An alternative system of booster pump stations, pressure 
reducing valves, and isolation valves, to create a separate 
pressure zone could be considered in the future when the 
booster system will become necessary.         

 
 
3) Year 2022 Maximum Day Demand (7,800 gpm) with a ground storage 

tank.  A ground storage tank is a cylindrical storage tank that has the 
bottom of the tank sitting near ground level.  The volume of the ground 
storage tank is the same as an elevated tank; however booster pumps 
are required to move water out of the tank and maintain standard 
operating pressures on the system.  The location and ground elevation of 
the tank will affect the design criteria for the booster pumps.  The pumps 
will need to have a combined 365 horsepower when discharging into a 
hydraulic grade line of 1108.  

 
 
4) Year 2012 Maximum Day Demand (5,000 gpm):  The EPS models shows 

that only 420,000 gallons of storage is required to control the peak hour 
demands for the year 2012.   
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Locations for Water Storage Tank 
 
There are several locations that could be considered for the water storage tank between 
Fire Station No. 1 and the Commerce Village area.  Some factors that need to be 
thought out for each possible location are the base elevation and the location of the 
customer base in regards to the location. 
  
If the Township Board elects to proceed with a water storage tank, then the Board will 
need to decide on the type of storage tank desired, and a location for the storage tank.  
This report provides four alternative storage tank designs.  It is important for the leaders 
of Commerce Township to recognize that a water storage tank will be a significant 
structure and will make a statement to the surrounding area.  An elevated storage tank 
will be seen from far away and can be designed to blend in with the sky or to stand out 
as a landmark; a ground storage tank will have a lower profile but will still be a significant 
structure to the immediate neighborhood.  This will be a change for the community and it 
is natural that there will be some concerns from the community.                  
 
 
Alternative Tank Designs 
 
There are several types of storage tanks that can be used in Commerce Township’s 
water system.  These are briefly described below: 
 

1) Spheroid Elevated Storage Tank:  Steel storage tank on a small diameter, steel 
column as shown in Figures 1a & 1b.  Waterspheroids have proven to be the 
most popular of all single-pedestal elevated water storage tanks.  The steel 
column is larger at the bottom and provides room for equipment/storage while 
still maintaining a small footprint, and the steel column provides an access-way 
to the top of the storage tank.  Steel spheroid storage tanks have a competitive 
initial cost, however the cost of maintenance is higher due to larger interior and 
exterior painted surfaces.  

 
 

    
          Figure 1a         Figure 1b 
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2) Composite Elevated Storage Tank:  Steel storage tank on a larger diameter, 
concrete column as shown in Figures 2a & 2b.  The concrete column provides a 
significant space for other municipal purposes such as offices or fire station bays, 
and provides an access-way to the top of the storage tank (a steel cylindrical 
access way is provided through to the top of the tank).  Construction costs for 
composite storage tanks are similar to the watersperoid; however, the 
maintenance costs are lower than spheroid tanks because there is less painting 
required.   

 
 

    
Figure 2a         Figure 2b 

 
 

3) Hydropillar Elevated Storage Tank: Steel storage tank on a large diameter, steel 
column as shown in Figures 3a & 3b.  Like the composite tank, the column 
provides a significant space for municipal purposes, while providing an access-
way to the top of storage tank.  This tank is aesthetically pleasing, and can 
provide a very large volume of storage.  However, the maintenance costs are 
high due to the large amount of steel that needs to be painted. 

 

 

    
  Figure 3a           Figure 3b 
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4) Ground Storage Tank:  The Township may decide that it does not want to have 
an elevated storage tank for aesthetic reasons.  A ground storage tank (as 
shown in Figures 4a & 4b) is an alternative.  A ground storage tank would be 
constructed of steel or concrete, with a foundation at or near ground level.  Initial 
construction of the tank would be less than an elevated tank; however a booster 
pump station would be required to pump water out of the tank and into the water 
system.  The disadvantage of ground storage vs. elevated storage is that energy 
is lost, and needs to be replaced with booster pumps.  The result is higher 
operational costs. 

 
 

 

 
Figure 4a 

 
 
 
 

 
Figure 4b 
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Estimated Costs/Return on Investment  
 
The EPS modeling shows that at least 1 million gallons of storage will be required to 
dampen projected 2022 peak hour demands, and 1.75 million gallons of storage is 
required to dampen the projected ultimate demands.  Table 2 is a summary of 
construction costs & return on investment analysis for various tank alternatives. 
 
 

Storage  
Tank 

Design 

Total  
Construction 

Cost 
(PV) 

Yearly  
O&M  
Costs 

Annual 
Savings 
(DWSD) 

Return on 
Investment 

(Years) 

Spheroid         

1.00 MG $3,379,200  $23,333.33 $1,300,000  2.65 
1.25 MG $3,973,200  $26,666.67 $1,300,000  3.12 
1.75 MG $5,161,200  $33,333.33 $1,300,000  4.07 
2.00 MG $5,755,200  $36,666.67 $1,300,000  4.55 

Hydropillar         
1.00 MG $3,280,200  $30,000.00 $1,300,000  2.58 
1.25 MG $3,857,700  $35,000.00 $1,300,000  3.05 
1.75 MG $5,012,700  $45,000.00 $1,300,000  3.99 
2.00 MG $5,590,200  $50,000.00 $1,300,000  4.47 

Composite         
1.00 MG $3,280,200  $22,000.00 $1,300,000  2.57 
1.25 MG $3,824,700  $25,000.00 $1,300,000  3.00 
1.75 MG $4,913,700  $31,000.00 $1,300,000  3.87 
2.00 MG $5,458,200  $34,000.00 $1,300,000  4.31 
Ground         
1.00 MG $3,248,200  $46,700.00 $1,300,000  2.59 
1.25 MG $3,396,700  $49,250.00 $1,300,000  2.71 
1.75 MG $3,693,700  $54,350.00 $1,300,000  2.96 
2.00 MG $3,842,200  $56,900.00 $1,300,000  3.08 

Table 2 – Estimated Costs & Return on Investment 
 
Notes: 
All tank cost estimates came from CB&I. 
Construction costs include 20% construction contingency and all engineering costs 
Annual savings based on estimate from OCWRC for Year 1 – this is conservative 
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Recommendations 
 

1) Commerce Township should begin the process of designing and constructing a 
water storage facility.  In the fall of 2011, Commerce Township and OCWRC will 
meet with representatives of the DWSD to establish new rate parameters for the 
next several years.  The Township should have a firm plan and an 
implementation schedule prior to this meeting.   

 
2) The most important step in moving forward with a water storage facility will be 

deciding on basic design criteria:  site selection, tank design, selecting a look for 
the exterior of the structure, and considering uses for the interior of the standpipe 
(elevated tank only).  These decisions will be driven by aesthetics along with 
engineering and land acquisition costs.  GWE recommends that the Township 
form a committee to help with this process. 

 
3) GWE recommends that Commerce Township install a 2 million gallon, elevated 

storage tank.  While the model shows that a 1.75 million gallon tank is sufficient 
to ultimately control the peak hour demand, the cost difference between a 1.75 
and 2 MG tank isn’t large (and can be paid back within 5 years or less).  This will 
give the Township extra storage and is the more conservative, safe approach.  
Additionally, an elevated storage tank is recommended because a ground 
storage tank will require 365 horsepower of pumps to get the pressures to an 
acceptable operating pressure.  This is not an ideal situation as these pumps will 
need constant maintenance and electricity.  Even in the ultimate scenario, an 
elevated storage tank will only need a 95 horsepower pump to maintain 
pressures. 

 
 

4) Once the design criteria are decided upon, then the design/construction 
approach should be determined.  A design/build approach may be appropriate for 
this project. 
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Appendix 1 – DWSD Water Rates
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Appendix 2 – 2005 Demand Pattern 



 

 
Charter Township of Commerce Water Storage Feasibility Study  Appendix 2   
Prepared by Giffels-Webster Engineers, Inc. 
June 14, 2011 

 


