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Study Participants 
 
This study of a new water supply has been developed for the following governmental units and agencies. 
 
City of Flint 
 
Genesee County  

Genesee County Drain Commissioner – Division of Water and Waste Services 
City of Burton 
Clayton Township 
City of Clio 
Davison Township 
Flint Township 
City of Flushing 
Flushing Township 
Gaines Township 
Genesee Township 
Grand Blanc Township 
City of Montrose 
Montrose Township 
City of Mt. Morris 
Mt. Morris Township 
Mundy Township 
Richfield Township 
City of Swartz Creek 
Thetford Township 
Vienna Township 

 
Lapeer County 

Greater Lapeer County Utilities Authority 
Village of Almont 
City of Imlay City 
City of Lapeer 
Mayfield Township 
Almont Township* 
Elba Township* 
Goodland Township* 
Imlay Township* 
Lapeer Township* 
Oregon Township* 
  *Do not currently provide water supply 

 
Sanilac County 

Worth Township 
Fremont Township 
Maple Valley Township 
Speaker Township 

 
This report has been developed for planning purposes and considers data available through May 2009. 
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Executive Summary 

1 Introduction 
The City of Flint (Flint), the Genesee County Drain Commissioner – Division of Water and Waste 
Services (GCDC-WWS), and the Greater Lapeer County Utilities Authority (GLCUA) are supplied 
water from the City of Detroit’s Water and Sewerage Department (DWSD).  Because of growing 
concerns regarding the reliability and cost of the DWSD supply, Flint, GCDC-WWS, and GLCUA 
have considered alternatives for water supply.  The first formal study was completed in 1992; the 
most recent was completed in 2006. 
 
This study considers two alternatives from the 2006 study.  One alternative is the continued purchase 
of water from DWSD; the other alternative is the development of a new water supply from Lake 
Huron. 
 
Both alternatives include the construction of a new pipeline.  DWSD is planning the construction of a 
new pipeline to Flint to address concerns regarding reliability and capacity.  Water rates for either 
alternative will be increased similarly to recover the capital investment in new facilities. 
 
The second alternative, development of a new water supply from Lake Huron, provides the 
opportunity to supply water to additional communities.  Sanilac County has joined Flint, GCDC-
WWS, and GLCUA as participants in this study of water supply alternatives. 
 
A new governmental authority, the Karegnondi Water Authority (KWA), is planned to develop and 
operate the new water supply.  The KWA will be comprised of the communities supplied water.   

2 Study Area 
Figure 1 shows the study area.   

 
Figure 1: Study Area 
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3 Demands 
Table 1 shows the current and future (25 year) demands used for this study.  Existing demands are 
based on records of recent water use; future demands have been developed from information provided 
by each community. 

 
Table 1: Demands for Planning 

Initial (2014) 25 Year (2039) 
Avg Day 

(mgd) 
Max Day 

(mgd) 
Avg Day 

(mgd) 
Max Day 

(mgd) 
Genesee County 14.2 25.0 16.2 32.5 
City of Flint 16.5 25.0 19.2 28.8 
Lapeer County 2.5 3.8 9.0 14.8 
Sanilac County 0.1 0.1 0.1 0.1 
Total 33.3 53.9 44.5 76.2 

4 Alternative 1- Continued Supply by DWSD 
Several options for continued DWSD supply to Flint, GCDC-WWS, and GLCUA have been 
discussed with DWSD representatives; however, there have been no formal negotiations or agreement 
regarding any particular option.   Four options have been evaluated based on these discussions.  
Analysis indicates that the lowest cost option for continued supply from DWSD is a partnering 
arrangement with DWSD.  This alternative is not available to Sanilac County. 
 
With this option, a 30 year contract with DWSD for water service is required.  Flint, GCDC-WWS, 
and GLCUA will be responsible to construct and operate a portion of the Flint Transmission System 
(FTS) which DWSD is planning to construct in 2010.  By constructing and operating a portion of the 
FTS; water can be purchased by Flint, GCDC-WWS, and GLCUA at a lower rate. 
 
DWSD estimates the portion of the FTS to be constructed by Flint, GCDC-WWS, and GLCUA at 
$346,000,000.  Operating costs are projected to be $724,000 per year initially.  In exchange for 
responsibility for the construction and operating costs; Flint, GCDC-WWS, and GLCUA will benefit 
by a 45% reduction in the purchase price of water from DWSD.   Table 2 shows the cost of water for 
this option in 2011-2012, the year in which construction of the FTS is planned to be completed.  The 
current water rate (2009-2010) is shown for comparison.   

 
Table 2: Comparison of DWSD Cost of Water, Now and After Construction of FTS 

Flint & GCDC-WWS 
($/MCF) 

GLCUA 
($/MCF) 

DWSD Commodity $8.70  $9.30 
FTS Capital   $15.19 $14.53 
Macomb Capital *  $0.00 $0.00  
FTS O&M $0.46  $0.46 
Projected 2011-2012 Rate  $24.35 $24.29 
2009-2010 Rate $14.32 $16.11 
*Planned for 2024; no cost impact until then 
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5 Alternative 2 – New Lake Huron Water Supply 
The 2006 study evaluated several options for a new water supply.  The 2009 update focuses on one of 
the options, the alternative of delivering raw water from Lake Huron to participating communities for 
local treatment and distribution. 
 
GCDC-WWS purchased 230 acres of property adjacent to Lake Huron in southern Sanilac County in 
2002.  An intake to draw water from Lake Huron and a pumping station are planned for this site.  
Raw water will be pumped through a pipeline to an inland reservoir.   
 
Inland from the reservoir, pipelines supply treatment facilities for Flint, GCDC-WWS, and GLCUA.  
Treatment facilities for Sanilac County can be located along the pipeline route. 
 
Treatment by microfiltration has been planned for Sanilac County and GLCUA.  A new conventional 
treatment plant is planned for GCDC-WWS.  It is planned that raw Lake Huron water is delivered for 
treatment to Flint’s existing treatment plant. 
 
The planned water system provides for twin pipelines, storage, backup equipment and processes to 
provide a reliable supply.  Facilities have been planned with capacity for the 25 year demands shown 
in Table 1, and provisions for further expansion. 
 
Figure 2 is a schematic showing the new water supply. 
 

Figure 2: Schematic Lake Huron Water Supply 
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Table 3 summarizes the project cost of the new Lake Huron water supply which was studied. 

 
Table 3: Summary of Cost of New Lake Huron Water Supply 

Project Component 
Total Project

Cost 
Sanilac Co.

Share 
Lapeer Co.

Share 
GCDC-WWS 

Share 
Flint

Share 

KWA Lake Huron Water Supply $443,885,767 $813,723 $86,312,736 $188,899,927 $167,859,381 

New Sanilac Co. Facilities $1,849,360 $1,849,360       

New Lapeer Co. Facilities $40,009,060   $40,009,060     
New Genesee Co. Facilities / 
Upgrades $110,038,554     $110,038,554   

New Flint Upgrades $5,987,030       $5,987,030 

Totals $601,769,771 $2,663,083 $126,321,796 $298,938,481 $173,846,411 
 
Table 4 shows the projected operating costs for the new Lake Huron water supply during the initial year 
of operation. 
 

Table 4: Project Operating Expenses during Initial Year of New Lake Huron Water Supply 

Community 
KWA  

($/MCF)
Local 

($/MCF)

New Water 
Supply Treatment 

Cost (2014) 

2009-2010 
DWSD Rate 

Sanilac County $1.30 $41.56 $42.86 N.A. 

Lapeer County (GLCUA) $1.30 $3.11 $4.41 $16.10 

GCDC-WWS $1.30 $2.86 $4.16 $14.32 

City of Flint $1.30 $4.13 $5.43 $14.32 
Notes  
1.   New water supply costs based on projected annual consumption of each community in year 2014. 
2.   Costs do not include debt retirement or depreciation expense. 

6 Comparison of Alternatives 
With the investments in facilities planned by DWSD, either of the alternatives considered are 
believed to provide a reliable, long-term water supply with sufficient capacity for the needs of the 
study area.  Regardless of the alternative selected, a new pipeline and other facilities are planned for 
construction.  As a result, the cost of water will increase with either alternative. 
 
Figure 3 shows the projected cost of water for each alternative.  For demonstration purposes, the cost 
of water for the new Lake Huron water supply alternative does not include the cost of repayment of 
debt incurred for its construction.  The graph shows that without the debt of constructing the new 
system (or once the debt for its construction is repaid), the cost of water from the new supply will be 
substantially less than continuing to purchase water from DWSD. 
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Figure 3: Projected Cost of Water 

$0.00

$5.00

$10.00

$15.00

$20.00

$25.00

$30.00

$35.00

$40.00

$45.00

$50.00
Co

st
 o

f 
W

at
er

 (w
/o

 d
eb

t)
  (

$/
M

CF
)

Year

Alternative 1 - DWSD Alternative 2 - New Supply
 

 
The cost of water for the DWSD alternative was developed using the DWSD rate methodology for 
recovery of capital investment.  For comparison, the cost of water for the new Lake Huron supply 
should include the cost of financing its construction. 
 
If 25-year bonds are used for financing the construction of the new Lake Huron supply, analysis has 
shown that the cost of water for the new Lake Huron supply can be less than with continuing service 
from DWSD.  Over the 25-year life of the bonds, the total cost of water with continued DWSD 
supply is projected to be $200 million greater than with the new Lake Huron supply.  Figure 4 
demonstrates the cost savings resulting from new Lake Huron supply during the 25-year bond period 
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Figure 4: Comparison of Alternatives 
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Preliminary Report 

1 Introduction 
The City of Flint (Flint), the Genesee County Drain Commissioner Division of Water and Waste 
Services (GCDC-WWS), and the Greater Lapeer County Utility Authority (GLCUA) operate 
community water systems.  The Detroit Water and Sewerage Department (DWSD) has supplied these 
utilities with water since the 1960s. 
 
Because of growing concerns regarding the reliability and cost of the DWSD supply, these utilities 
have studied other supply alternatives.  The first formal study was completed in 1992; a 2006 study 
evaluated several alternatives for a long-term water supply. 
 
This study focuses on two of the alternatives considered in the 2006 study.  One alternative considers 
the impact of remaining customers of DWSD; the second alternative evaluates the feasibility of 
developing a new Lake Huron water supply. 
 
DWSD is planning significant capital investments to address concerns with reliability and to provide 
sufficient capacity to meet the needs of their customers.  The cost of planned facility improvements 
will be added to future rate increases to all customers. If DWSD continues to supply Flint, GCDC-
WWS, and GLCUA; it is expected that their future rate increases will be greater than other DWSD 
customers because of the methodology for used for determining the cost of water.  This study 
compares different options for remaining a customer of DWSD and uses DWSD’s established rate 
structure to project the future cost of water. 

 
The alternative studied for a new Lake Huron water supply can provide water supply on a regional 
basis, providing the potential for service to additional communities.  As a result of this potential; 
Sanilac County is included as a participant in this study along with Flint, GCDC-WWS, and Lapeer 
County.  This study develops the conceptual design of a new water supply to allow for estimates of 
the costs for its construction and operation for comparison with the alternative of continuing supply 
by DWSD. 
 
A new governmental authority, the Karegnondi Water Authority (KWA), is planned to be established 
to develop and operate the new water supply.  The KWA will include the communities supplied by 
the new water supply. 

2 Scope 
The alternatives for long term water supply are evaluated on the following criteria: 
 
• Reliability – A new supply shall be planned with redundancy and backup provisions to maintain a 

continuous, safe supply of drinking water to customers. 
• Cost – The concept studied shall be planned in sufficient detail to reasonably develop opinions of 

construction and operating costs, to allow for its comparison with existing water supplies. 
• Quality – A new supply shall be planned with suitable provisions so drinking water will meet all 

current and anticipated regulations, and will consistently be of equal or better quality than current 
supplies. 

• Quantity – The water supply shall be designed with sufficient capacity and provisions for 
expansion to meet the needs of the service area throughout the planning period. 
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• Security – Planned facilities shall have suitable provisions and measures to guard against 
disruption of service or contamination resulting from vandalism or malevolent activities. 

 
The alternative of continuing supply from DWSD is developed using their current rate methodology 
and planned improvements to their facilities.  This report provides an overview of the options for 
continued service by DWSD; Appendix 18 provides a detailed analysis. 
 
The alternative of developing a new water supply for Flint, Genesee County, Lapeer County, and 
Sanilac County assumes that the KWA will develop and operate the new water supply, to deliver raw 
water from Lake Huron to each member community.  Member communities will be responsible for 
local treatment and distribution of water to their customers. 
 
The concept for a new water supply is developed through a series of technical memoranda that serve 
the following purposes. 

 
a. Determine the facilities, processes, and capacities required to supply the proposed service 

area. 
b. Establish budgets for construction and ongoing operating and maintenance (O&M)   
c. Evaluate constructability (permitting, environmental concerns, right-of-way requirements). 
d. Develop schedules for implementation. 

 
This report provides an overview of the study undertaken to develop a new Lake Huron water supply.  
Details are provided in the technical memoranda as appendices to this report. 

3 Planning Criteria 

3.1 Criteria for Continued DWSD Supply Options 
The following criteria were used to evaluate the alternative of remaining a customer of DWSD. 
• Planning Period:  25 years 
• Economics:  Financing for DWSD capital improvements:  30-year bonds at 5% rate 

3.2 Criteria for New Lake Huron Supply Option 
Engineers and planners used the following criteria for the study and evaluation of a new Lake 
Huron water supply. 

 
• Planning Period:  Proposed facilities are planned to meet the projected 25-year needs, at a 

minimum, with provisions for future expansion. 
 

• Design Capacity:  Proposed water supply is planned with capacity adequate for maximum 
day demand (MDD); peak demands are assumed to be met through local storage. 
 

• Economics: 
Based on the following assumptions: 
o Inflation Rate during Planning Period:  3% annually 
o Financing:  25-year bonds at 6% rate 
o Capitalized Interest: not included 

 
• Engineer’s Opinion of Construction Costs: 

o ENR Construction Cost Index:  8688 
o Construction Contingencies:  15% of construction cost 
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o Design Contingencies:  5% of construction cost 
o Engineering, Legal, Bonds, and Administration:  17% of construction cost 
o Land Acquisition Costs: 

 Easements:  $0.15 per square foot 
 Land (Purchase):  $6,000 per acre 

 
• Operating and Maintenance Costs 

o Depreciation:   
 Equal to installed cost of equipment and facilities divided by their expected service 

life.  Depreciation expenses are considered constant throughout the study period.  
Services lives are assumed as follows: 
• Pipe:  75 years 
• Mechanical Equipment:  20 years 
• Physical Plant:  75 years 

o Power:  assumed $0.063 per kWh, in 2014 dollars 
o Labor 

 The following hourly rates are assumed, in 2014 dollars: 
• WTP Superintendent:  $35 per hour 
• Supervisor:  $30 per hour 
• Operators:  $20 per hour 
• Maintenance Mechanics:  $25 per hour 
• Mechanic’s Helpers:  $20 per hour 
• Instrument Technicians:  $25 per hour 

 Fringe benefits add 62% to the preceding labor rates 

4 Study Area 
The study area is considered to include Genesee County, Flint, Lapeer County, and Sanilac County.  
Figure 4-1 below illustrates the study area. 
 

Figure 4-1: Study Area 
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The City of Flint provides water to residential, business, and institutional customers throughout the 
city.  The city is fully developed and adjacent areas are supplied water by GCDC-WWS, resulting in 
little potential for expansion of its service area. 
 
GCDC-WWS provides water to nineteen villages, cities, and townships located in Genesee County. 
There is potential for expanded water service within the nineteen communities now served plus 
growth potential by serving new communities, within or adjacent to Genesee County. 
 
Most cities and villages in Lapeer County operate community water systems.  The City of Lapeer, the 
City of Imlay City, the Village of Almont, and Mayfield Township are members of GLCUA and 
purchase water from DWSD for distribution to their water customers.  Lapeer, Imlay City, and 
Almont supply water to businesses and residences throughout their municipal boundaries.  Mayfield 
Township provides water service only to a limited area within the township.  Six other townships are 
members of GLCUA; however, they do not currently provide water service to their communities.    
Other county municipalities, including Columbiaville, Dryden, Metamora, and North Branch operate 
community water systems which utilize wells for supply.  For this study, the initial service area for 
the new Lake Huron Supply is assumed to be the GLCUA communities.  There is potential for 
increased water demands through continued development within existing GLCUA service areas, 
expansion of service to new areas, and agricultural irrigation. 
 
Sanilac County is predominantly rural, with 80% of the land used agriculturally.  Most villages and 
cities in the county operate community water systems.  Four of the five townships which border Lake 
Huron operate community water systems which supply only the properties near the lakeshore.  The 
proposed supply pipeline from Lake Huron provides the ability to serve to other areas of the county.  
For this study, it is assumed that one township (Worth Township) receives water from the new Lake 
Huron supply.  Studying the requirements for providing service to Worth Township provides 
guidance regarding the costs for supplying other Sanilac County communities. 

5 Demands 
Communities and agencies within the study area are presently supplied water from other sources.  
Engineers and planners have reviewed records of past water use to determine the initial demands of 
the proposed water supply.  In addition, officials representing communities within the service area 
have provided guidance for projecting future water use.  Table 5-1 below summarizes the demands 
used for this study. 

 
Table 5-1 Design Demands Used for Study 

  Initial (2014) 25 Year (2039) 50 Year (2064) 

  
Avg Day 

(mgd) 
Max Day 

(mgd) 
Avg Day 

(mgd) 
Max Day 

(mgd) 
Avg Day 

(mgd) 
Max Day 

(mgd) 
GCDC-WWS 14.2 25.0 16.2 32.5 22.5 45.0 
Flint 16.5 25.0 19.2 28.8 24.0 36.0 
GLCUA 2.5 3.8 9.0 14.8 11.7 19.7 
Sanilac County 0.1 0.1 0.1 0.1 0.1 0.2 
Total 33.3 53.9 44.5 76.2 58.3 100.9 
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6 Alternative 1 - Continued Supply from DWSD 
Flint, GCDC-WWS, and GLCUA are currently supplied water from DWSD.  Flint and GLCUA have 
contracts with DWSD for water service.  GCDC-WWS is supplied water from Flint as a second-tier 
customer.  This section considers options for continued supply by DWSD. 
 
Sanilac County is not currently supplied by DWSD.  This alternative is not available for Sanilac 
County. 

6.1 DWSD Rate Methodology 
 
DWSD establishes water rates for all of its customers through a uniform rate structure.  The 
following variables are considered in the rate model: 

 
• Annual average day flow 
• Maximum day flow 
• Peak hour flow 
• Distance  
• Elevation 
• Meter size 
• And combinations of the above 
 
DWSD determines its cost to operate, maintain, and expand the water system on an annual basis.  
Costs are categorized regarding their impact by the preceding variables.  Costs are combined with 
the variables established for each community and are used to compute the cost of water for each 
community annually. 
 
DWSD indicates that rate increases are expected to average 7% through 2014, then 4% thereafter.  
These increases are considered the average of all DWSD customers.  A review of historical 
records indicates that rate increases to Flint have averaged about 1% higher than the average of 
all suburban DWSD customers.  Therefore, this study assumes increases of 8% through 2014 and 
5% subsequently. 
 
The geographical locations of Flint, GCDC-WWS, and GLCUA have a significant impact on 
their rates for water supply by DWSD.  Historically, about 70% of the cost of water has been 
attributed to the “distance” and “elevation” components of the DWSD rate methodology. 
 
DWSD is planning the construction of additional transmission facilities.  Using the current rate 
methodology, the costs associated with the construction and operation of these facilities will be 
assigned to the “distance” and “elevation” categories.  The cost of water to Flint, GCDC-WWS, 
and GLCUA are expected to increase more as DWSD adds these facilities. 

6.2 Options for Continued DWSD Supply 
 
DWSD has developed a new “Master Agreement for Water Supply”.  The new agreement 
provides a thirty year commitment for water supply and requires a commitment for purchase of a 
minimum volume of water each year.  The agreement also provides customers the ability to 
specify the quantities and pressures of water to be supplied.  The cost of water will be based upon 
the contracted quantities rather than historical demands. DWSD is not required to deliver water in 
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excess of the contracted quantity.  Where demands are exceeded by a community, DWSD may 
increase the cost of water to the community based on the actual demands experienced. 
 
DWSD is encouraging all suburban customers to adopt the new agreement to provide for better 
planning, uniformity between all customers and less fluctuation in rates from year to year.  For 
customers that do not elect to execute the new master agreement, the existing supply agreements 
will continue to be used.  Where the existing agreements remain in use, rates will be established 
based on historical demands plus a twenty percent allowance for potential future increases in peak 
demand. 
 
Through preliminary meetings with DWSD, several concepts have been identified for Flint, 
GCDC-WWS, and GLCUA to remain customers of DWSD.  Four of these concepts have been 
studied.  These are summarized in the following sections and are discussed in detail in Appendix 
18. 

6.2.1 Option 1 – No Change 
This option assumes that Flint and GLCUA continue to purchase water from DWSD based on 
their existing water supply contract.  GCDC-WWS is assumed to continue to purchase water 
as a second tier customer from Flint. 
 
It is assumed that future water rates are established on the basis of historical demands plus a 
20% proxy.  It is also assumed that DWSD constructs the planned upgrades to their 
transmission facilities and that the cost of construction and operation are incorporated into the 
future cost of water. 
 
Figure 6.1 shows the projected cost of water for Flint and GCDC-WWS; Figure 6.2 shows the 
projected cost of water for GLCUA. 

6.2.2 Option 2 – Master Agreement (Current Demands, plus 5%) 
This alternative assumes that Flint, GCDC-WWS, and DWSD execute the new master 
agreement.  It is assumed that the contracted volumes are equal to historical demands, plus a 
five percent increase to provide for some growth.  It is also assumed that DWSD constructs 
planned upgrades to their transmission facilities and that the cost of construction and 
operation are incorporated into the future cost of water. 
 
Figure 6.1 shows the projected cost of water for Flint and GCDC-WWS; Figure 6.2 shows the 
projected cost of water for GLCUA. 

6.2.3 Option 3 – Master Agreement (Future Demands) 
This alternative assumes that Flint, GCDC-WWS, and GLCUA execute the new master 
agreement.  It is assumed that the contracted volumes are equal to the projected demands 
assumed in Section 5.  It is also assumed that DWSD constructs planned upgrades to their 
transmission facilities and that the cost of construction and operation are incorporated into the 
future cost of water. 
 
Figure 6.1 shows the projected cost of water for Flint and GCDC-WWS; Figure 6.2 shows the 
projected cost of water for GLCUA. 



 Lake Huron Water Supply 
Preliminary Report Karegnondi Water Authority 

September 2009 Page 7 

6.2.4 Option 4 – Master Agreement (Partnering Arrangement with Capital Contribution) 
DWSD officials have indicated that Flint, GCDC-WWS, and GLCUA could realize reduced 
costs for water through a partnering arrangement.  In this scenario, Flint, GCDC-WWS, and 
GLCUA would execute the new master agreement and would be responsible for the 
construction and operation of a portion of the transmission facilities upgrades planned by 
DWSD.  Under this scenario, the distance and elevation factors used for establishing rates can 
be reduced. 
 
Figure 6.1 shows the projected cost of water for Flint and GCDC-WWS; Figure 6.2 shows the 
projected cost of water for GLCUA. 
 
Figures 6-1 and 6-2 show that over the 25-year planning period, option four results in the 
lowest cost of water of the four options considered for continued DWSD supply.  This option 
will be compared against the alternative of constructing a new Lake Huron water supply. 

 
Figure 6-1: Flint and GCDC-WWS Cost of Water 
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Figure 6-2: GLUCA Cost of Water 
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7 Alternative 2 – New KWA Lake Huron Water Supply 

7.1 New Lake Huron Water Supply Concept 
Figure 7-1 (page 9) schematically shows the proposed new water supply.  Components are color 
coded to delineate the KWA’s responsibilities and member communities’ responsibilities. 
 
The authority will be responsible for delivery of raw water to the member communities; each 
community will be responsible for the treatment and distribution of water to its customers.   

7.1.1 Source 
Water for the new supply is planned to be drawn from Lake Huron.  In 2002, Genesee County 
purchased 230 acres of land adjacent to Lake Huron as a potential site for a new water supply 
facility.  The site is located in Worth Township, Sanilac County, about 20 miles north of Port 
Huron, Michigan. 
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Figure 7-1: Schematic 
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7.1.2 Intake 
A submerged crib intake is planned to be located about 3.2 miles from the shoreline, in 40 
feet of water.  It is believed that this location is far enough from shore to provide a steady 
supply of high-quality water from the upper lakes and is deep enough as to not interfere with 
shipping.  The intake is planned with provisions for controlling zebra mussels and ice. 
 
A single pipeline to convey water from the intake, located under the lake bottom, to a 
shorewell is planned.  An inland reservoir will provide reliability for the single intake, which 
provides storage capacity for the MDD for a period of seven days.  This period is considered 
adequate to allow for maintenance or repairs to the intake. 
 
The proposed intake is planned with a capacity of 200 mgd, two times the projected 50-year 
MDD.  The intake is planned to have greater capacity than other components due to the 
difficult construction conditions and relatively high cost, in relation to other project costs. 

7.1.3 Lake Huron Pumping Station 
The Lake Huron Pumping Station (LHPS) is proposed to be located adjacent to Lake Huron, 
pumping raw water from the intake shorewell to facilities located further inland for storage, 
treatment, and distribution.  Two-stage pumping is planned: low-lift pumps will draw water 
from the shorewell and pump to adjacent ground storage tanks; high-service pumps will draw 
from the storage tanks and pump raw water to the inland reservoir. 
 
The pump station facility is planned for the projected 50-year demand, although initial 
pumping equipment will be designed for the 25-year demand.  The pump station is planned 
with provisions for expansion to 200-mgd capacity, consistent with the ultimate capacity of 
the intake. 
 
Security provisions are planned for the pumping station facility.  Backup power will be 
provided for system monitoring and control, security, lighting, and HVAC.  Backup power 
for pumping is not planned; water can be supplied to customers from the inland reservoir for 
several days in the event of a power failure. 

7.1.4 Transmission Mains 
New pipelines will be necessary to transport water from the Lake Huron source to the 
customers. 
 
Most of the area between Lake Huron and the proposed service area is rural.  Elevations 
between the lake and Flint vary from a low of 590 feet to a high of 975 feet.  Intermediate 
pumping between Lake Huron and Flint will be required to limit operating pressures. 
 
Although specific routes have not been chosen, it is assumed that pipelines will primarily 
follow existing roads.  Engineers have reviewed several routes to gain an understanding of 
road types and conditions, soil conditions, terrain, presence of existing utilities, stream and 
river crossings, land use, and environmental conditions that may be encountered with pipeline 
construction.  Using this information, cost estimates for right-of-way acquisition, excavation, 
and restoration for the new pipelines have been developed, regardless of their route. 
 
Engineers and planners have designed the proposed transmission mains to provide sufficient 
capacity for the 25-year MDD.  The pipeline between Lake Huron and the inland reservoir is 
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planned to be a single line; the reservoir will have sufficient storage to meet maximum 
demand over a consecutive seven-day period, allowing for repair or maintenance of the 
pipeline.  Other pipelines are planned to be dual lines, except where alternative provisions for 
reliability are available. 
 
A specific pipeline material has not been selected, however, it is assumed that pipe may be 
ductile iron pipe (DIP), concrete pressure pipe (CPP), or steel pipe.  DIP is available in sizes 
up to 64 inches in diameter. 

 
Pipeline capacity has been developed using the following criteria: 
• Maximum operating pressure: 200 psi 
• Hazen Williams C-factor:  120 
 
Figure 7.1 (page 9) shows the proposed pipeline sizes to provide capacity for the 25-year 
MDD. 
 
The following pipeline appurtenances have been included in the initial planning for 
transmission mains. 
• Isolation valves: electric actuated gate valves, at six-mile intervals 
• Provisions for flushing, draining, and surge relief:  periodically at streams or drains 
• Provisions for air release: at high points 
 
Additional capacity in excess of the projected 25-year MDD can be provided by the addition 
of intermediate pumping facilities, construction of another pipeline, or additional reservoir 
storage.  As demands approach the projected 25-year MDD, an evaluation of future needs and 
alternatives should be completed to develop a specific plan for future expansion. 

7.1.5 Raw Water Reservoir and Pumping 
The concept for a new water supply includes an inland reservoir.  The planned reservoir 
provides storage inland, away from Lake Huron, which can supply water to KWA customers 
when the single pipeline between the lake and the reservoir or the intake is out of service for 
repairs or maintenance.  The proposed reservoir has a capacity of 620 million gallons, which 
can supply the MDD of KWA customers for more than seven consecutive days. 
 
A single-cell reservoir is planned initially, based upon 25-year demands.  A second cell can 
be added for increased future demands.  A specific site for the reservoir has not been selected, 
but at least 190 acres of land is recommended to provide space for future expansion. 
 
Water from the LHPS will normally be discharged directly into the reservoir; a second 
pumping station located at the reservoir will draw water from the reservoir for pumping to 
downstream customers.  Although the flow-through operation should minimize loss of water 
quality, provisions will be provided for chemical control of algae and other potential water 
quality concerns in the reservoir.   
 
Twin pipelines are planned downstream of the reservoir to provide reliability; one pipeline 
will be available to supply water in the event one is out of service for repairs or maintained.  
Together, the two pipelines have capacity for the 50-year MDD; however, an individual 
pipeline will have capacity only for 75% of the MDD.  During periods when one pipeline is 
out of service for repairs or maintenance, restrictions on outdoor water use may be required to 
reduce demands to this level.   
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The reservoir pump station is planned to pump concurrently to both pipelines.  Five 20-mgd 
pumps are planned initially to deliver the 25-year MDD.  Space is provided in the planned 
facility for the addition of two pumps to meet the 50 year demand. 
 
Backup power for system control and monitoring, security, lighting, HVAC, and pumping are 
included for the planned facility. 

7.2 Service to KWA Member Communities 
The concept for a new Lake Huron water supply assumes that the KWA will deliver raw water to 
each member community and that each community will be responsible for its treatment and 
distribution.  Additional facilities or modifications will be required by each member community 
to replace their existing water supply.  Each member community has different needs described 
below. 

7.2.1 Sanilac County 
The new water supply can provide service to Sanilac County communities from any point 
along the proposed pipeline.  For this study, it is assumed service is provided to Worth 
Township.  The facilities and cost for providing service to Worth Township will be similar 
for other communities.  Worth Township is presently supplied finished water from the 
Lexington Worth Township’s Utility Authority (LWTUA); LWTUA is supplied water from 
the Village of Lexington.  LWTUA distributes water to Worth Township properties along 
Lake Huron and M-25.  The southerly end of the LWTUA distribution system is adjacent to 
the planned site for the intake and pumping station for the new KWA water supply. 
 
To supply Worth Township with the new Lake Huron water supply, treatment will be 
required.  Raw water from the LHPS ground storage tanks will be pumped to an adjacent 
treatment facility to be treated by microfiltration, and disinfection prior to re-pumping to the 
existing LWTUA distribution system.  Microfiltration is a well established treatment process 
for treating Great Lakes water.  Microfiltration equipment is modular, and future expansion, 
if necessary, is easily accomplished by the addition of modules and building expansion. 
 
An analysis of the LWTUA distribution system to evaluate the impact of a new supply has 
not been completed. 

7.2.2 Lapeer County 
DWSD currently provides treated water to Lapeer County communities of Lapeer, Imlay 
City, Almont, and Mayfield Township.  Provisions for water treatment will be required for 
the new supply, to provide service to these and other Lapeer County communities.   
 
Alternatives for treatment include a single treatment plant for Lapeer County, treatment 
plants for individual communities, or supply of finished water from Genesee County.  After 
preliminary consideration, the alternative of a single Lapeer County facility is included in this 
study.  The selection of the best alternative for treatment should be made after customers and 
demands are finalized. 
 
Transmission piping, to convey treated water from the treatment facility to the four 
communities, is included in the project costs for Lapeer County.  Treatment by microfiltration 
is planned.  Treatment equipment is modular, and facilities can be expanded relatively easily.   
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The proposed treatment facility and finished water transmission mains have been planned for 
the 25-year MDD.  Treatment facilities can be easily expanded for increased demands.  
Pipeline capacity can be increased by constructing additional pipelines or adding pumping 
capacity. 

7.2.3 Genesee County 
If the current finished water supply from Flint and DWSD is replaced with the new Lake 
Huron supply, several modifications to the GCDC-WWS system will be required.   

7.2.3.1 Water Treatment  
GCDC-WWS currently purchases finished water for distribution to its customers.  With 
the proposed KWA raw water supply, treatment will be required prior to distribution. 
 
Conventional treatment by clarification and filtration is planned.  Specific processes 
include rapid mixing, flocculation, high-rate plate settler clarification, and granular media 
filtration.  Provisions are included for the future addition of treatment processes, if 
necessary for compliance with regulations or to improve treatment. 
 
The water treatment plant is planned to have four equally sized pretreatment trains.  The 
loading rate of filters at the initial MDD is conservative.  It is assumed that once the plant 
is operational, plant-scale trials will demonstrate the suitability of high-filter surface 
loading rates, which are expected to ultimately provide sufficient capacity for the 50-year 
demand without the addition of more filters. 

7.2.3.2 Henderson Road Pumping Station 
Finished water from the planned GCDC-WWS water treatment plant will be pumped to 
the Henderson Road Pumping Station (HRPS).  The HRPS currently pumps water to the 
east and north areas of Genesee County.  With the planned new Lake Huron supply, the 
HRPS will provide high service pumping, supplying finished water to all of the GCDC-
WWS distribution system.  Additional pumps must be added for its increased service 
area. 
 
Three pumps currently provide a firm capacity of 16 mgd and a total capacity of 30 mgd.  
Additional pumping capacity of 8 mgd is needed to meet the projected demands during 
the initial years of operation. Additional pumping capacity of 16 mgd (from current 
capacity) is required for the projected 25-year demands.  Expansion of the HRPS building 
is required to accommodate both of the additional pumps.  Emergency backup power is 
currently available at the HRPS facility and is adequate for operating three 8-mgd pumps. 
 
The HRPS is presently supplied water by a 48-inch pipeline from Flint’s 72-inch 
transmission main.  The 48-inch pipeline will need to be reconfigured to allow the HRPS 
to pump to the 72-inch transmission for distribution to the south and west areas of the 
county.  This requires replacement of the meter and check valves with a control valve at 
the connection to the 72-inch main. 

7.2.3.3 Flint’s 72-Inch Transmission Main 
A transmission main supplies water from the DWSD system to Flint from DWSD’s Lake 
Huron treatment plant, just north of Port Huron.  East of Genesee County, the pipeline is 
owned and operated by DWSD.  The City of Flint owns and operates the 72-inch 
transmission main running from the DWSD meter located near the county line, through 
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Genesee County to the Flint water treatment plant.  The GCDC-WWS distribution system 
is supplied through eight connections to the Flint 72-inch main. 
 
Although the 72-inch main will no longer be necessary to convey water to Flint under 
this concept being studied, maintaining the main’s operation will allow it to continue to 
supply the GCDC-WWS distribution system.  In this role, future responsibility for the 
main should be transferred from Flint to GCDC-WWS. 

7.2.4 Flint 
Prior to contracting with DWSD in 1965 for water supply, the City of Flint treated water from 
the Flint River.  DWSD delivers finished water to Flint, but the city’s water treatment plant 
has been maintained and operated on a limited basis as a backup supply.  Some modifications 
at the city’s treatment plant will be necessary to allow it to reliably provide treatment on a 
continuous basis.  Proposed modifications required for full-time operation and treatment of 
Lake Huron water include: 

• Piping and metering to deliver raw water  
• Power upgrades, including emergency / backup power 
• Disinfection upgrades 
• Chemical feed systems 
• Finished water pumping 
• Updated controls and monitoring 
• Added security measures 

7.3 Permitting 
Construction of the proposed new water supply requires permits and approvals from federal, 
state, county, and local agencies, railroads, and utilities.  It is expected all required permits and 
approvals can be obtained during design.  A permit to withdraw water from Lake Huron has been 
issued by the MDEQ. 

7.4 Engineer’s Opinions of Cost 
Engineers and planners have developed opinions of cost for construction of the new water supply 
and for its ongoing operation and maintenance, using the criteria identified in Section 3.  Costs 
include contingency allowances of 20%, and engineering, legal, bond, and administrative 
allowances of 17%. 

7.4.1 Construction Costs 
Table 7-1 below summarizes the project cost of a new water supply; Table 7-2 (page 15) 
shows the cost distribution among the KWA member communities.  KWA costs are 
distributed to members proportionally, based upon each community’s share of the total 
capacity provided.   
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Table 7-1: Project Costs 

  
Engineer's 

Opinion of Cost 
Construction Cost - New Water Supply (KWA) $317,367,567 
Construction Cost - City of Flint Treatment $5,319,000 
Construction Cost - GCDC-WWS Treatment $76,607,003 
Construction Cost - Lapeer County Treatment $29,150,000 
Construction Cost - Sanilac County Treatment $1,328,000 
Subtotal - Construction Cost $429,771,570 

Design Contingencies (5%) $21,488,579 
Construction Contingencies (15%) $64,465,736 
Engineering, Bond, Legal, & Administrative (17%) $73,061,166 
Utilities $10,385,000 
Property $2,597,720 

Total Project Cost $601,769,771 
 

Table 7-2: Project Costs for New Lake Huron Water Supply 

Project Component 
Total Project

Cost 
Sanilac Co.

Share 
Lapeer Co.

Share 
GCDC-WWS 

Share 
Flint

Share 

KWA Lake Huron Water Supply $443,885,767 $813,723 $86,312,736 $188,899,927 $167,859,381 

New Sanilac Co. Facilities $1,849,360 $1,849,360       

New Lapeer Co. Facilities $40,009,060   $40,009,060     
New Genesee Co. Facilities / 
Upgrades $110,038,554     $110,038,554   

New Flint Upgrades $5,987,030       $5,987,030 

Totals $601,769,771 $2,663,083 $126,321,796 $298,938,481 $173,846,411 

7.4.2 Treatment Costs 
Table 7-3 summarizes the treatment costs during the first year of operation, assumed to be 
2014.  The costs for operating and maintaining the new KWA water supply water to each 
community is distributed on the basis of each community’s projected annual consumption. 
These costs are combined with local treatment costs to determine the total cost for supplying 
treated water to each community.  Costs are expressed in dollars per 1,000 cubic feet 
($/MCF) to allow comparison with DWSD commodity units. 
 
The last column of Table 7-3 below shows the current DWSD commodity charges, for 
comparison with the projected 2014 cost of treatment by the new Lake Huron supply being 
studied. 
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Table 7-3: Projected Initial Treatment Costs with New Lake Huron Water Supply 

Community 
KWA  

($/MCF)
Local 

($/MCF)

New Water 
Supply Treatment 

Cost (2014) 

2009-2010 
DWSD Rate 

Sanilac County $1.30 $41.56 $42.86 N.A. 

Lapeer County (GLCUA) $1.30 $3.11 $4.41 $16.10 

GCDC-WWS $1.30 $2.86 $4.16 $14.32 

City of Flint $1.30 $4.13 $5.43 $14.32 
Notes  
1.   New water supply costs based on projected annual consumption of each community in year 2014. 
2.   Costs do not include debt retirement or depreciation expense. 

7.4.3 Annual Treatment Costs 
Projected average annual treatment costs resulting from the new water supply are shown 
through the year 2050 on Figure 7-2 (page 16).  Neither debt retirement nor depreciation is 
included in the annual operating and maintenance expenses shown on Figure 7-2. 

 
Figure 7-2: Cost of Treated Water  
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7.5 Alternatives for Cost Reduction 
The concept developed for a new water supply is based on criteria established prior to beginning 
the study.  There are alternatives which can reduce the cost of a new water supply, yet provide a 
safe, reliable supply.  Project costs can be reduced by more than $100 million through 
incorporation of some of the alternatives identified here. 

7.5.1 Cost-Reduction Alternatives – KWA Lake Huron Supply 
• Provide a single supply pipeline (relocate reservoir further inland) 
• Reduce the capacity of the Lake Huron intake and pumping station by 50% 
• Negotiate an agreement with DWSD to provide backup and eliminate the reservoir 
• Provide single-stage pumping at the LHPS 
• Reduce size of transmission mains by either increasing operating pressures or reducing 

capacity 

7.5.2 Cost-Reduction Alternatives – GCDC-WWS 
• HRPS – construct additional 10-MG storage in lieu of redundant finished water pipeline 
• Provide treatment by microfiltration instead of conventional treatment 
• Locate WTP at HRPS site 

7.5.3 Cost-Reduction Alternatives – Flint 
• Reduce capacity of planned facilities 

7.5.4 Cost-Reduction Alternatives – Lapeer County 
• Reduce capacity of planned facilities 
• Other options for treatment and distribution may reduce costs once actual service area 

and demands are defined. 

7.5.5 Cost-Reduction Alternatives – Sanilac County 
• Identify specific customers for water supply and determine facilities and costs for specific 

conditions 

7.6 Implementation 
The following schedule shows that planning and design of the new water supply can be 
completed within four years.  Early procurement of pipe and materials, division of construction 
work to allow for more contractors or crews, advance work on critical issues, and other measures 
can be incorporated in the proposed project to accelerate the schedule. 
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Year 1 Year 2 Year 3 Year 4 Year 5 
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for project 
financing 
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permits 

   

• Mapping, design, 
permitting 
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• Pipe procurement

   

  
• Construction 
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8 Comparison of Alternatives 
With the investments in facilities planned by DWSD, either of the alternatives considered are 
believed to provide a reliable, long-term water supply with sufficient capacity for the needs of the 
study area.  Both alternatives address the criteria established for reliability, water quality, quantity and 
security.  The primary difference between the two alternatives is economics.  Regardless of the 
alternative selected, a new pipeline and other facilities are planned for construction.  As a result, the 
cost of water will increase regardless of the alternative selected; however, each will be affected 
differently. 
 
Figure 8-1 shows the projected cost of water over the planning period for both alternatives.  For 
demonstration purposes, the cost of water for the new Lake Huron water supply alternative does not 
include the cost of repayment of debt incurred for its construction.  The graph shows that without the 
debt of constructing the new system (or once the debt for its construction is repaid), the cost of water 
from the new supply will be substantially less than continuing to purchase water from DWSD. 
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Figure 8-1: Comparison of Alternatives 
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9 Debt Service 
The cost of water for the DWSD alternative was developed using the DWSD rate methodology which 
includes recovery of capital investment.  For comparison, the cost of water for the new Lake Huron 
supply should include the cost of financing its construction. 
 
If 25-year bonds are used for financing the construction of the new Lake Huron supply, analysis has 
shown that the cost of water for the new Lake Huron supply can be less than with continuing service 
from DWSD.  Over the 25-year life of the bonds, the total cost of water with continued DWSD 
supply is projected to be $200 million greater than with the new Lake Huron supply.   
 
Figure 9-1 demonstrates the cost savings resulting from new Lake Huron supply during the 25-year 
bond period; the figure also shows the reduction of the cost of water with new Lake Huron supply 
once the debt in paid back. 
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Figure 9-1: Comparison of Alternatives 
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10 Other Impacts of Long-Term Water Supply Alternatives 
In addition to the criteria established in Section 2 for comparison of long-term water supply 
alternatives, there will be other impacts.  A review of some of these follow. 

10.1 Employment 
Either alternative will require the construction of new facilities.  Depending on the alternative, up 
to 1,200 construction jobs will be created over a three-year period.   With Alternative 1, the new 
facilities constructed by DWSD must comply with Executive Order 4001 of the Mayor of Detroit, 
which requires that either at least 50% of labor for construction is Detroit residents or a penalty is 
assessed against the contractor.  Without the restrictions, Alternative 2 offers the Genesee, 
Lapeer, and Sanilac County region more opportunity to furnish local labor for construction. 

 
Continued DWSD supply will result in a negligible increase in operation and maintenance 
staffing once the new facilities are constructed, since water will be supplied from an existing 
treatment plant.  Approximately 45 new full-time positions will result from operation and 
maintenance of three new water treatment plants and other facilities consequential to the new 
Lake Huron water supply. 

10.2 Facility Life 
DWSD plans for construction of a new section of transmission main; this main is a small piece of 
the overall DWSD system.  Although the facilities planned by DWSD will be new, most other 
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components of the DWSD system are 50 to 100 years old.  As a result of the age of the DWSD 
system, future operating and replacement costs are anticipated to continue to be greater with 
continued DWSD supply than with the new system provided by KWA. 

10.3 Environmental Impacts 
Both alternatives will result in approximately 70 miles of new transmission main.  Since specific 
routes have not been determined, it is assumed that both alternatives will have similar impacts 
environmentally as a result of pipeline construction.  Permitting for construction of either pipeline 
alternative is expected to be of a routine nature.  Impacts are anticipated to be temporary, 
occurring only during the construction period. 
 
Continued supply from DWSD provides for supply of water through an existing intake from Lake 
Huron.  The alternative for a new supply requires construction of a new intake.  Environmental 
impacts during construction of the new intake will be of a temporary nature.  With either 
alternative, the total quantity of water drawn from Lake Huron will be equivalent.  A permit for 
withdrawal from Lake Huron has been issued for the new water supply. 

11 Glossary 
25 Year Demand – The projected quantity of water needed in the future (in 25 years). 

Average Day Demand – The quantity of water desired over a period of 24 hours, averaged over a year. 

Capacity – The greatest quantity that can be conveyed or processed by a particular component, or the 
limiting quantity of a facility or series of components. 

Clarification – Water treatment process providing for the removal of particles from water using gravity 
settling. 

Construction Contingencies – An allowance in the project budget so money is available in the event 
unexpected conditions are encountered during the construction phase which requires additional work to 
finish the project. 

Construction Cost – The cost of constructing proposed facilities; including labor, materials, and 
contractor’s equipment charges and fees. 

Crib – Submerged structure which surrounds inlet to intake pipe for protection. 

Demand – The quantity of water desired by customers. 

Design Contingencies – An allowance in the project budget so money is available in the event that 
design and permitting requirements result in the need for additional facilities, longer pipeline routes, 
more difficult construction conditions, or other conditions which increase the project cost. 

Disinfection – Treatment process to destroy or prevent the growth of disease-carrying microorganisms. 

Distribution –Delivery of water to customers (homes, businesses, institutions, etc.) by a pipe network. 

ENR Construction Cost Index – An index for “time adjustment of construction costs”.  Engineering 
News- Record (ENR) is a long established publication serving the construction industry.  The index is 
computed based upon the cost 200 hours of labor, 25 cwt structural steel, 1.128 tons cement, and 1,088 
board feet of lumber.  The index has been computed over a 100+ year history.   

Filtration – Treatment process using a porous material to trap and remove suspended particles from 
water. 

Finished water – Water that has received treatment and meets standards and regulations established for 
drinking water. 
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Firm Capacity – The maximum quantity of water that can be treated or pumped in the event that the 
largest mechanical component or pump is out of service. 

Governmental Authority – A governmental entity, comprised of other governmental units (cities, 
townships, counties, etc.), for a special purpose such as sharing services (water utilities, public safety, 
libraries, etc.) 

Ground Storage – Tank at ground level for the storage of water. 

Hazen Williams C Factor – Engineering coefficient used for considering the effect of pipe material on 
hydraulic capacity. 

High Service – Term used to describe pumping against high pressure, often resulting from elevation 
increases and friction in pipeline(s). 

Intake – Submerged pipe inlet to draw water from a lake. 

Local Storage – Water storage tanks located in the distribution system, often providing for supplying 
water for peak demands because of their proximity to the customers’ locations. 

Low Lift – Term used to describe pumping against relatively low pressure, usually where water must be 
lifted to provide for another treatment process. 

Malevolent – Actions intended to result in harmful or malicious impact. 

Maximum Day Demand (MDD) – The maximum quantity of water desired by customers over any 24 
hour period. 

Microfiltration – Treatment process using fine-pored synthetic membranes for removal of particles in 
water. 

O&M – Acronym for operating and maintenance.  Operating and maintenance is the ongoing cost for 
operation, including labor, power and utilities, chemicals and supplies, maintenance and repairs, 
supervision, and administration. 

Peak Hour Demand – The greatest quantity of water desired for consumption during any one hour 
period. 

Project Costs – The total cost of constructing proposed facilities; including the cost of construction plus 
other costs expected during the planning, design, and construction phases.  Other costs often include 
land acquisition, utility service, engineering, legal fees, and appropriate contingencies. 

Proxy – An allowance for future increased water use assumed by the water supplier, in absence of 
information provided by the water customer. 

Raw Water – Water in its natural state, prior to treatment. 

Reservoir – Earthen basin or tank for the storage of water. 

Residuals – Solid materials resulting from the treatment of water.  Residuals may include solids (silt, 
algae, etc.) removed from the source water or the precipitate resulting the addition of chemicals for 
treatment. 

SCADA – Acronym for “Supervisory Control and Data Acquisition”.  SCADA is a term commonly used 
to describe the instrumentation to measure or monitor equipment and/or processes, and controls to 
operate equipment. 

Shorewell – Vertical shaft located adjacent to lake, extending from the ground surface down to the intake 
pipe. 
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Zebra mussels – small shellfish introduced to Great Lakes through ballast discharge from international 
shipping.  Zebra mussels are a concern to waterworks because they attach to submerged intakes and 
pipes, resulting in reduced capacity or plugging. 

12 Abbreviations 
CPP   Concrete Pressure Pipe 
DIP    Ductile Iron Pipe 
DWSD   Detroit Water and Sewerage Department 
ENR   Engineering News-Record 
GCDC-WWS Genesee County Drain Commissioner – Division of Water and Waste Services 
GLCUA  Greater Lapeer County Utilities Authority 
HRPS   Henderson Road Pumping Station 
HVAC   Heating, Ventilation, and Air Conditioning 
KWA   Karegnondi Water Authority 
kWh   Kilowatt-hour 
LWTUA  Lexington Worth Townships Utilities Authority 
MCF   1,000 Cubic Feet 
MDD   Maximum Day Demand 
MDEQ   Michigan Department of Environmental Quality 
MG    Million Gallons 
Mgd   Million Gallons per Day 
O&M   Operating and Maintenance 
SCADA  Supervisory Control and Data Acquisition 
WTP   Water Treatment Plant 
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Appendix 1 - Projected Water Demands 
 
1.1 - General 
 

Recent water records from Flint, GCDC-WWS, and GLCUA have been reviewed to evaluate 
historical water use. Working with representatives of these communities, projections of future 
water demands were developed. Table 1 shows the initial and projected water demands that 
have been assumed for this study, in regard to a new Lake Huron Water Supply. Water records 
from Sanilac County were unavailable; the Sanilac County demands shown in Table 1 have 
been assumed.  
 

Table 1 - Design Demands for Planning New Lake Huron Water Supply 
 

Customer 

Initial (2014) 25-Year (2039) 50-Year (2064) 

Min. Day 
Demand 
(MGD) 

Avg. Day 
Demand 
(MGD) 

Max. Day 
Demand 
(MGD) 

Min. Day 
Demand 
(MGD) 

Avg. Day 
Demand 
(MGD) 

Max. Day 
Demand 
(MGD) 

Min. Day 
Demand 
(MGD) 

Avg. Day 
Demand 
(MGD) 

Max. Day 
Demand 
(MGD) 

Genesee 
County 10.66 14.21 25.00 12.19 16.25 32.50 16.88 22.50 45.00 

City of  

Flint 
12.39 16.52 25.00 14.44 19.25 28.88 18.00 24.00 36.00 

Lapeer 
County 1.47 2.54 3.82 5.23 9.01 14.85 6.77 11.66 19.66 

3% WTP 
Process 0.74 1.00 1.61 0.96 1.34 2.29 1.25 1.74 3.02 

Subtotal: 25.25 34.26 55.43 32.81 45.85 78.52 42.89 59.90 103.68 

Sanilac 
County 0.03 0.05 0.10 0.04 0.07 0.14 0.05 0.10 0.20 

Total: 25.28 34.31 55.53 32.85 45.92 78.66 42.94 60.00 103.88 
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Lake Huron Water Supply Study Appendix 1A – Projected Water Demands 

1.1 Withdrawal Permit 
 
Based on the demands presented in Table 1of Appendix 1, Genesee County applied for a permit for 
withdrawal of 85 MGD of water from Lake Huron.  The MDEQ issued the permit on August 28, 2009. 
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10.1 General 
The Karegnondi Water Authority (KWA) is studying the development of a new Lake Huron water 
supply for Genesee, Lapeer, and Sanilac counties.  This memorandum summarizes the concept 
studied for supplying water to Lapeer County. 

10.2 Study Area 
The study area includes all of Lapeer County.  Lapeer County is generally rural, in nature.  There are 
several cities and villages scattered throughout the county.  Development and business activity within 
the county is generally concentrated along the I-69, M-24, and M-53 highway corridors. 
 
The Lapeer County communities of Lapeer, Imlay City, Almont, and Mayfield Township are supplied 
water by the Greater Lapeer County Utility Authority (GLCUA).  GLCUA is supplied water by the 
City of Detroit’s Water and Sewerage Department (DWSD).  Imlay City, Mayfield Township, and 
Lapeer are supplied water from DWSD’s 72 inch transmission main running from the Imlay Pumping 
Station to Flint.  Almont is supplied water from DWSD’s 96 inch transmission main running from 
their Imlay Pumping Station to the Detroit area.  DWSD supplies finished water to GLCUA 
members. 
 
Several other communities in Lapeer County operate municipal water systems.  These communities 
utilize wells to supply water to their customers.  Additionally, there are several community water 
systems scattered across Lapeer County, providing water service to campgrounds and mobile home 
parks. 
 
Businesses and residences in other areas of the county rely on individual wells for their water supply. 

10.3 Growth within Lapeer County 
Lapeer County population grew by 5.7% between 2000 and 2005 (annual rate of just over 1%).  
Lapeer County was the 12th fastest growing county in Michigan and the 495th (out of 3,141) fastest 
growing county in the United States during this period. 
 
Although recent economic conditions have halted growth, prudent planning should anticipate 
continued growth in the future.   

10.4 Projected Demands 
Potential Lapeer County water demands are divided into the following four categories: 

 
1. Existing DWSD Customers  
2. Existing Type 1 Community Water Supplies (Well Supply) 
3. Communities with No Public Water Supply 
4. Agricultural Irrigation 

10.4.1 Group1 - Existing DWSD Customers 
The Greater Lapeer County Utility Authority (GLCUA) contracts with the Detroit Water and 
Sewerage Department (DWSD) for finished water.  Ten Lapeer communities are members of 
GLCUA.  Four communities (Lapeer City, Imlay City, Almont Village, and Mayfield Township) 
currently receive water from GLCUA.  The other six communities have never received water 
from GLCUA nor currently have any municipal water facilities. 
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Table 10-1 summarizes initial water use based on DWSD records.  Projections for future use for 
Imlay City and Almont have been developed assuming 20% growth over 25 years, which is just 
less than the growth experienced in the area between 2000 and 2005 (0.8 % vs. 1.1%).  
Projections for Mayfield Township have been based on 50% growth over 25 years, since the 
existing service area is quite small.  The City of Lapeer provided projections of growth in their 
service area. 

 
Table 10-1 - Existing DWSD Customer Demands 

  Initial 25 Year 50 Year 

Existing DWSD Customers 
Average 

(mgd) 
Max Day 

(mgd) 
Average 

(mgd) 
Max Day 

(mgd) 
Average 

(mgd) 
Max Day 

(mgd) 
  -  Lapeer City 1.44 2.03 7.29 11.35 9.31 14.49 
  -  Imlay City 0.87 1.37 1.05 1.81 1.26 2.17 
  -  Almont Village 0.21 0.38 0.25 0.46 0.30 0.55 
  -  Mayfield Township 0.02 0.04 0.03 0.06 0.05 0.09 
  -  Subtotal 2.54 3.82 8.62 13.68 10.92 17.30 

10.4.2 Group 2 - Existing Type 1 Community Water Supplies (Well Supply) 
Clifford, Columbiaville, Dryden, Metamora, and North Branch operate Type 1 community water 
systems, each utilizing wells for supply.  The closest community is about five miles from the 
planned KWA supply.  There has been no interest identified for replacing any of these existing 
supplies with the proposed KWA supply.  For this analysis, it is assumed that none of these 
community water systems will replace their existing wells with the new supply planned by KWA. 
 
Other community water supplies serve mobile home parks and campgrounds.  Similarly, none of 
these are believed to be in close proximity to the proposed KWA supply and none are assumed to 
be future KWA customers. 

10.4.3 Group 3 - Communities with No Public Water Supply 
Although the Lapeer County communities without municipal water systems are generally rural in 
nature, local officials believe that communities adjacent to the I-69, M-53, and M-24 corridors 
have great potential for development.  New water service to these areas could provide service to 
both existing residences in businesses and new development.  Water supply to these areas will 
require construction of distribution (and perhaps storage) facilities.  
 
As an example, Elba Township provides sewers to 175 units in the “Elba Village” area, plus 77 
units for the Potters Lake area.  County officials are aware of proposed developments which 
could add as much as 600 units of new development to the area.  If served with water, these 852 
units would result in an average demand of 268,000 gpd and a maximum day demand of 0.47 
mgd. 
 
It is conceivable that new areas in Lapeer County could experience development over the study 
period of 50 years and community water service.  A maximum day demand of 0.47 mgd has been 
assumed for new water supplies over the next 50 years. 

10.4.4 Group 4 - Irrigation 
The 2002 Farm Census indicated that 19 farms accounted for most of the irrigated farmland in 
Lapeer County.  These farms had a total of 1,787 acres under irrigation.  Surface water sources 
provided 86% of the water used for irrigation. 
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Based on meteorological conditions from 2006 and the 2002 Farm Census records, a study 
prepared by the MDEQ estimated annual irrigation use in Lapeer County at 405 million gallons. 
This is equal to 227,000 gallons per acre annually, or the equivalent of 8.3 inches of rainfall. 
 
The growing season is assumed to be 120 days in duration.  It is also assumed that irrigation 
occurs 50% of the days during the growing season.  Daily demand for irrigation during the 
growing season is therefore 2,500 gpd / acre.  The following table summarizes daily irrigation 
requirements, based upon the acreage under irrigation. 

 
Table 10-2 - Irrigation Demand 

Acres 

Daily Irrigation 
Demand 

(mgd) 
100 0.25 
500 1.26 

1,000 2.52 
1,500 3.78 
2,000 5.04 
2,500 6.31 
3,000 7.57 
3,500 8.83 
4,000 10.09 

 
It is assumed that irrigated farmland will increase in the future.  As shown in Table 10-2, 
irrigation demands can be significant.  However, obstacles with utilizing the KWA supply as a 
major irrigation source will include 1) the availability of other sources, and 2) the KWA supply's 
proximity with the prime farmland in Lapeer County. 
 
In the future, regulations or environmental conditions may reduce the availability of the current 
sources or there may be additional costs for their use.  Future changes may make the KWA 
supply a viable option for irrigation. 
 
To develop projections of future demands, it is assumed that 750 acres of land are irrigated using 
the KWA supply.  
 
Table 10-3 summarizes the current and projected demands used for this study. 

 
Table 10-3 - Lapeer County Demands 

 Initial 25 Year 50 Year 

Existing DWSD Customers 
Average 

(mgd) 

Max 
Day 

(mgd) 
Average 

(mgd) 

Max 
Day 

(mgd) 
Average 

(mgd) 

Max 
Day 

(mgd) 
  -  Lapeer City 1.44 2.03 7.29 11.35 9.31 14.49 
  -  Imlay City 0.87 1.37 1.05 1.81 1.26 2.17 
  -  Almont Village 0.21 0.38 0.25 0.46 0.30 0.55 
  -  Mayfield Township 0.02 0.04 0.03 0.06 0.05 0.09 
  -  Subtotal 2.54 3.82 8.62 13.68 10.92 17.30 
Communities w/Type 1 Supplies (wells) 0.00 0.00 0.00 0.00 0.00 0.00 
Communities w/o Public Water 0.00 0.00 0.15 0.23 0.27 0.47 
Irrigation 0.00 0.00 0.24 0.94 0.47 1.89 
Total 2.54 3.82 9.01 14.85 11.66 19.66 
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10.5 Demands Used for this Study 
For this study, it is assumed that KWA provides finished water to the four communities which are 
currently supplied by DWSD.  The alternative studied considers developing the facilities necessary to 
supply customers for the projected 25 year demands. 

10.6 Treatment 
Although there are many alternatives for supplying these communities with water, it is assumed that a 
single water treatment plant, centrally located amongst the four communities is provided.  This 
alternative includes the construction of a single pipeline from the treatment plant to each community.  
The proposed water main will supply water to the same locations as the current DWSD supply, except 
that only a single supply point is initially planned for the City of Lapeer.  Lapeer presently is supplied 
by DWSD at three separate connections. 
 
It is assumed that water treatment will be provided by direct filtration.  This process has been used 
successfully by other Michigan communities for treatment of Lake Huron water.  Assumed design 
criteria are based upon operating conditions from existing facilities.  Design criteria for the studied 
alternative are summarized as follows: 
 
Pretreatment: 
o Screening (in-line strainers) 
o Metering 

 
Filtration 
o Low pressure membrane modules (hollow fiber PVDF) 
o Maximum capacity:  14.8  mgd 
o Flux (all units in operation):  33 gfd 
o Flux (1 out of service):  40 gfd 
o Automatic backwash provisions 
o In-place chemical cleaning provisions 
o Automatic PLC controller 

 
Disinfection 
o Liquid chlorine feed 

 
High Service Pumping 
 
Process Water & Residuals 
o Filter backwash will be pumped into the KWA raw water transmission main and combined with 

raw water for treatment at downstream WTP’s. 
 

Expansion 
o Although not included, the building and appurtenances can be enlarged and configured to 

accommodate the future addition of membrane modules to increase treatment capacity. 
 
Land Requirements 
o Five acres assumed for WTP site 

10.7 Transmission Pipeline 
Although specific sites and routes have not been identified for the proposed water supply, 
approximately 22 miles of main will be necessary to connect the four communities based on 
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geography.  For this study, the supply main is designed to provide sufficient capacity for the 25 year 
demands.  A minimum pipe size of 16 inch has been assumed.  Figure 10-1 is a schematic 
summarizing the alternative studied for providing service to the existing DWSD customers in Lapeer 
County 

10.7.1 Land Requirements 
Ten percent of the length of the pipeline (22 miles) is assumed to require easements; easements 
are assumed to be 25 feet wide. 

o 10% of 22 miles * 5,280 ft/mi * 25 ft = 290,400 sq. ft. 
o 290,400 sq.ft. * $0.15/sq.ft. = $43,560 

10.8 Opinions of Costs 
The estimated construction cost for the providing service to the four Lapeer County communities is 
$25,955,000 assuming and ENR Construction Cost Index of 8688.  Table 10-4 provides a breakdown 
showing the assumed project cost. 
 

Table 10-4 Engineer’s Opinion of Probable Construction Cost 
Transmission & Storage 
Supply Pipeline 36" 5,000 ft $1,125,000
Pipeline To Lapeer 30" 20,000 ft $4,000,000
Pipeline To Imlay City & Almont 16" 40,000 ft $4,600,000
Pipeline To Almont 16" 50,000 ft $5,750,000
Lapeer City Pipeline 16”  4,000 ft $460,000
Lapeer City Pipeline 24”       4,000 ft $640,000
Lapeer City Storage 2 MG $2,000,000
Meter Pits 4 $400,000
Transmission Pipelines Subtotal 22 miles $18,975,000

WTP 
Equipment $4,400,000
Building $1,500,000
Mechanical / Electrical (incl. Generator) $1,400,000
Sitework $1,100,000
Contractor's OH&P (20%) $1,680,000
WTP Subtotal $10,080,000

 
Table 10-5 shows projected expenses for 2014. 
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Table 10-5 Annual Operating Expenses (2014) 
Maintenance $132,000 
Labor $213,000 
Testing $15,000 
Chemicals $33,000 
Power $98,000 
Subtotal O&M Expenses $491,000 

 Depreciation   
WTP $328,000 
Transmission Pipelines $211,667 

Subtotal Depreciation $539,667 
Total Expenses $1,030,459 

10.9 Construction Schedule 
Construction of the proposed water treatment plant can be completed in about 12 months.  
Construction of 22 miles of water main at an average production rate of 400 feet per day will require 
about a year for completion.   
 
Although not the critical time constraint for the overall KWA project, construction of the proposed 
water main utilizing multiple contracts will reduce overall construction time and likely reduce costs 
by providing opportunities for contractors without the resources required for the larger project(s). 
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11.1 General 
The Karegnondi Water Authority (KWA) is studying the development of a new Lake Huron water 
supply for Genesee, Lapeer, and Sanilac counties.  This memorandum summarizes the concept 
studied for supplying water to Sanilac County. 

11.2 Service Area 
The proposed water supply can provide service to Sanilac County from any location along the 
proposed pipeline route. Most villages and cities within the county presently supply water to 
residences and businesses in their communities.  All townships (except Forester) along the Lake 
Huron shoreline provide water service to properties along Lake Huron.  No particular community(ies) 
or area(s) have been identified as customers of the proposed new water supply. 
 
For this study, it is assumed that water is supplied to Worth Township.  The assumption that the new 
Lake Huron water supply provides service to a specific community will allow for the study to identify 
and address specific conditions and facilities necessary to provide service to Sanilac County 
communities.   
 
Worth Township is adjacent to the proposed new water supply and presently provides water service 
along and adjacent to State Highway M-25 and Lake Huron.  Water is supplied by the Lexington – 
Worth Townships Utilities Authority (LWTUA).  The authority purchases finished water from the 
Village of Lexington. 
 

11.3 Demands 
For this study, it has been assumed that Worth Township has an average day demand (ADD) of 
50,000 gallons per day (0.05 mgd) and a maximum day demand (MDD) of 100,000 gallons per day 
(0.10 mgd.  Although the costs and facilities considered will be based on supplying a community with 
an ADD of 0.05 mgd, the alternative considered can be easily adjusted for specific conditions where 
and when specific needs are defined. 

11.4 Alternative Studied for Supply to Worth Township 
The concept studied for a new Lake Huron water supply provides for the KWA to deliver raw to 
individual KWA customers.   KWA customers are responsible for treatment and local storage and 
distribution.   
 
This study assumes that a 0.1 mgd treatment plant is constructed adjacent to the KWA intake and 
Lake Huron Pumping Station (LHPS) for the purpose of treating water for delivery to Worth 
Township.  Treatment is planned to be by direct filtration utilizing continuous flow membranes.  This 
process has been utilized by other Michigan communities for treating high quality water from the 
Great Lakes.  Design criteria will be established based upon the performance of established facilities. 
 
Raw water from the storage tanks planned at the KWA’s LHPS will be pumped to the Worth 
Township WTP.  Treatment redundancy will be provided by duplicate process trains.   
 
Backwash waste will be returned to the KWA shorewell, combined with the raw water supply which 
will ultimately receive treatment at one of the water treatment plants of the KWA customers. 
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It has been assumed that the treatment facilities are fenced and that other suitable security provisions 
are provided. 
 
Treated water will be pumped into the LWTUA distribution system for delivery to Worth Township 
water customers. 
 
Figure 11-1 is a schematic of the alternative considered for supplying Worth Township with water. 
 
A detailed analysis of the LWTUA distribution analysis has not been completed to evaluate if 
modifications are necessary to the existing distribution system to accommodate the new water supply. 

11.5 Assumed Water Treatment Design Criteria 
Design criteria for the alternative studied are summarized as follows: 
 
Pretreatment: 
o Screening (in-line strainers) 
o Metering 

 
Filtration 
o Three low pressure membrane modules (hollow fiber PVDF) 
o Maximum capacity:  100,000 gpd 
o Flux (3 units in operation):  30 gfd 
o Flux (2 units in operation):  44 gfd 
o Automatic backwash provisions 
o In-place chemical cleaning provisions 
o Automatic PLC controller 

 
Disinfection 
o Liquid chlorine feed 

 
High Service Pumping 
 
Process Water & Residuals 
o Filter backwash will be pumped into the KWA raw water transmission main and combined with 

raw water for treatment at downstream WTP’s. 
 

Expansion 
o Although not included, the building and appurtenances can be enlarged and configured to 

accommodate the future addition of membrane modules to increase treatment capacity. 
 

Land Requirements 
o Five acres 

11.6 Opinion of Costs 
Projected construction costs are shown in Table 11-1.  Costs based on an ENR Construction Cost 
Index of 8688.   
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Table 11-1 Engineer’s Opinion of Probable Construction Cost 
Equipment $400,000 
Building $185,000 
Mechanical / Electrical (incl. Generator) $180,000 
Sitework $135,000 
Water Main $48,000 
Contractor's OH&P (20%) $180,000 

$1,128,000 
 
In addition to the costs presented in Table 11-1, additional pumping may be required.  Depending 
upon the location of a treatment facility along the proposed pipeline route, pipeline pressures may be 
too low to supply water for treatment.  For the Worth Township site, the addition of two pumps (one 
for backup) are planned to draw water from a reservoir at the KWA’s Lake Huron Pumping Station.  
A budget of $200,000 has been included for the additional pumping facilities. 
 
Table 11-2 shows projected operating expenses and depreciation for the treatment facility for 2014. 
 

Table 11-2 Annual Operating Expenses (2014) 
Maintenance $12,000 
Labor $89,000 
Testing $4,000 
Chemicals $1,000 
Power $5,000 
Subtotal O&M Expenses $111,000 

Depreciation   
WTP $32,000 
Transmission Pipelines $640 

Subtotal Depreciation $32,640 
Total Expenses $143,640 

11.7 Construction Schedule 
Construction of the proposed water treatment plant can be completed in about a year. 
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Appendix 12 - System Controls and Operation 
 
12.1 - Control System - SCADA 
 
The proposed system will be designed to be a fully automated system, but each site will have 
individual, standalone equipment to allow each site to be operated automatically, 
semi-automatically, or in manual mode. A Supervisory Control and Data Acquisition (SCADA) 
system will consist of programmable logic controllers (PLCs), which will be connected in order to 
form a network at each site, as well as an overall network that will be able to be controlled from 
a designated “Head End” site. This Head End site is currently being designated as the GCDC 
WTP, and will have the capability of gathering reports from each of the remote sites, as well as 
controlling each of the remote sites. However, the ability for each site to remotely monitor sites 
that are part of the overall network will also be provided. The operator interface for the proposed 
control system will be made via industrial-classified personal workstations located at each 
facility or monitoring site. Designated water treatment plants (WTPs) will also have operator 
interface workstations distributed throughout the plants, as necessary, to both monitor and 
control. 
 
The design objective of the instrumentation and control system is to provide redundancy at key 
levels in the system. The integrated system of hardware and software will provide checks and 
balances to allow greater system integrity, power, and reliability than standalone controls would 
provide. Dual PLCs will be located at each site to ensure continued, uninterrupted operation 
should a failure occur. Local control of major pieces of equipment will be located in the Main 
Control Panel (MCP) at each site to allow manual operation when needed.  
 
The instrumentation and control system will incorporate the following sites/facilities. Note that it 
is assumed that the Sanilac County facility would not be interconnected nor monitored with the 
system as a whole. 
 

• Lake Huron Pump Station 
• Three (3) Remote Monitoring Meter Pits 
• Reservoir and Reservoir Pump Station 
• Henderson Road Pump Station 

• GCDC Water Treatment Plant 
• City of Flint Water Treatment Plant 
• Lapeer County Treatment Plant 

 
Based on the design objective of the control and instrumentation system, the following table 
details the anticipated costs associated with its construction and implementation. However, it 
should be noted that the following items were not included in the control system estimate: 
 

• Uninterruptable Power Supplies; and, 
 
• Local Area Network, including PCs that will need to be placed on a process control 

Ethernet  
 

It is suggested that the proposed fiber-optic cable communication system be considered as a 
separate project, with one specialized fiber-optic design/installation company responsible for the 
system as a whole. By having only one company responsible and accountable for all the work, it 
is anticipated that costs associated with coordinating efforts of multiple stakeholders and 
multiple contracts would be mitigated. And, one would expect an economy of scale and 
reduction in fabrication and construction time as well. 
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Table 12.1 - Engineer’s Estimate of Probable Construction Costs for Instrumentation and Control  
 

Item Description KWA GCDC WTP City of Flint WTP Lapeer Co. WTP Total 

Lake Huron Pump Station  $   72,000      $    72,000  

Three Remote Monitoring Meter Pits   $     38,500      $      38,500  

Reservoir and Reservoir Pump Station  $         15,500      $          15,500  

Henderson Road Pump Station   $    38,500     $          38,500  

GCDC Water Treatment Plant   $      107,500     $            107,500  

City of Flint Water Treatment Plant    $         107,500    $          107,500  

Lapeer County Water Treatment Plant     $   67,500   $       67,500  

Fiber Optic Cable, Conduit, and Demarcation Panels   $   1,715,000   $      50,000   $        25,000   $      25,000   $       1,815,000  

Testing   $     24,000   $      3,000   $       3,000   $     3,000   $         33,000  

Subtotal:  $   1,865,000   $     199,000   $    135,500   $        95,500   $   2,295,000  

15% Construction Contingency:  $   280,000   $       30,000   $         20,000   $       14,000   $     344,000  

5% Design Contingency:  $       93,000   $          10,000   $        7,000   $           5,000   $      115,000  

17% Engineering, Legal, Bond & Administrative:  $         317,000   $             34,000   $        23,000   $            16,000   $         390,000  

Total:  $    2,555,000   $    273,000   $     185,500   $        130,500   $    3,144,000  

 
Notes:  
 

1. Estimate of construction costs are based on a projected Engineering New Record cost index value of 8688. 
 

2. It is assumed that the Sanilac County facility will not be interconnected, nor monitored, with the system as a whole, and therefore 
costs have not been included in this estimate. 
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Prior to initiating construction of project elements, permit applications will have to be 
developed/completed and submitted for review and approval to the following agencies.  The permit 
application for Lake Huron withdrawal (1st item, 15.1) has been submitted. 

13.1 Michigan Department of Environmental Quality 
• Lake Huron new withdrawal based on the new legislation authorizing The Great Lakes Compact 

as signed into law, 2008, by the President, 
• Public Act 399, to include; intake, shore well, raw water pumping, transmission, storage and 

treatment facilities and filed with Lansing District, 
• Land and Water Application, regarding shoreline issues, and filed with the Saginaw District, 
• Clean Water Act on residuals disposal, 
• Dam Safety Act for raw water storage facility. 

13.2 United States Army Corps of Engineers 
• In lake soil borings, 
• Intake and raw water line construction, 
• Navigation issues, 
• Floodplain issues that maybe associated with certain facilities. 

13.3 Sanilac, St. Clair, Lapeer and Genesee County 
• Zoning in relation to facility siting, 
• Transmission main construction in County Roadways, 
• Soil and erosion control. 

13.4 Michigan Department of Transportation 
• Transmission main in state roadways [if applicable]. 

13.5 Michigan Department of Natural Recourses 
• Environmentally sensitive areas, 
• Endangered species [Wildlife Division], 
• Natural Rivers Program. 

13.6 State Historic Preservation Office 
• Historic/Archeologically sensitive areas. 

13.7 Tribal Historic Preservation Office 
• Religious or culturally significant tribal lands. 

13.8 U. S. Fish and Wildlife Service 
• Endangered and protected species. 

13.9 Regional Planning Agencies 
• SEMCOG, 
• Genesee County Metropolitan Planning Commission, 
• East Central Michigan Planning and Development. 
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13.10 U.S. Department of Agriculture 
• Important/critical agricultural land, 
• Irrigation use [if applicable] 
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14.1 General 
The Karegnondi Water Authority (KWA) is studying the feasibility of a new regional drinking water 
supply.  The alternative studied will provide raw Lake Huron water to central Michigan communities.   
 
The concept for the water supply has been studied and planned through a series technical 
memorandum, each addressing specific components of the planned facility. These memoranda 
included Engineer’s opinions of construction costs and of ongoing operating and maintenance 
expenses for individual facility components.   
 
This appendix collects and sums the individual costs from other appendices to allow for projecting the 
total project costs and its distribution. 

14.2 Total Project Cost 
Table 14-1 provides a summary of the total project costs for a new water supply.  Project costs 
include construction costs; contingencies; engineering, legal, and administrative expenses; land 
acquisition; and utility service costs.   
 
Table 14-1 also shows the costs for the new raw water supply (KWA Project Cost) and the costs 
attributable for each community to treat the raw water received from the KWA supply and deliver it 
to their distribution systems (GCDC-WWS, Flint, Lapeer Co., and Sanilac Co. Project Costs). 

14.3 Annual Operating Expenses 
Annual operating expenses for the KWA water supply and for providing treatment for each 
community are provided in Tables 14-2 through 14-6. 
 
Figure 14.1 shows the projected operating costs for each community for the new water supply.  The 
costs shown do not include depreciation expense nor debt retirement.  Maintenance costs have been 
projected for 2014, and increased at the assumed rate of inflation thereafter.  During the initial five 
years of operations, maintenance costs have been assumed to be 20% the initial year, 40% the second 
year, etc. 

14.4 Individual Costs 
Tables in this section provide a summary of the project and operating costs for each agency or 
community.   
• Table 14-7:  Summary of KWA Costs 
• Table 14-8:  Summary of GCDC Costs 
• Table 14-9:  Summary of City of Flint Costs 
• Table 14-10:  Summary of Lapeer County Costs 
• Table 14-11:  Summary of Sanilac County Costs (assuming one service with 0.10 mgd WTP) 
 
To determine the total project costs for Genesee County, City of Flint, Lapeer County, and Sanilac 
County, KWA project costs from Table 14-7 have been distributed to each community proportionally 
on the basis of the system capacity (25 year MDD) provided for each.  KWA operating costs have 
been distributed on the basis of the projected annual consumption for each community. 
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14-1 Summary of Project Costs - 25 Year Capacity 
 

Cost
Responsibility

Cost
Source

Project
Cost

KWA
Project Cost

GCDC-WWS
Project Cost

Flint
Project Cost

Lapeer Co.
Project Cost

Sanilac Co.
Project Cost

1 Intake KWA Table 4-6 $39,706,000 $39,706,000
2 Shorewell and Tunnel KWA Table 4-7 $6,629,000 $6,629,000
3 Lake Huron Pumping Station (LHPS) KWA Table 4-8 $29,100,000 $29,100,000
4 Reservoir KWA Table 7-1 $10,659,000 $10,659,000
5 Reservoir Pumping KWA Table 7-2 $11,200,000 $11,200,000
6 Lake Huron Transmission Pipeline KWA W5-8 & App 6 $115,799,513 $115,799,513
7 North Transmission Pipeline, reservoir to GCDC-WWS WTP KWA W5-9 & App 6 $36,011,595 $36,011,595
8 South Transmission Pipeline, reservoir to GCDC-WWS WTP KWA W5-10 & App 6 $35,722,630 $35,722,630
9 Flint Transmission Pipeline KWA W5-11 & App 6 $30,674,829 $30,674,829

10 Genesee Co. Finished Water Transmission Main GCDC-WWS W5-12 & App 6 $9,028,003 $9,028,003
11 System Control and Monitoring - KWA KWA Table 12-1 $1,865,000 $1,865,000
12 System Control and Monitoring - GCDC-WWS GCDC-WWS Table 12-1 $199,000 $199,000
13 System Control and Monitoring - Flint Flint Table 12-1 $135,500 $135,500
14 System Control and Monitoring - Lapeer Lapeer Co. Table 12-1 $95,000 $95,000
15 GCDC-WWS WTP GCDC-WWS Table 8A-1 $65,880,000 $65,880,000
16 GCDC-WWS Henderson Road Pump Station Modifications GCDC-WWS Appendix 17.2 $1,000,000 $1,000,000
17 GCDC-WWS Existing Henderson Road 48" Pipeline Modifications GCDC-WWS Appendix 17.4 $500,000 $500,000
18 Flint WTP Flint Table 9-3 $5,183,500 $5,183,500
19 Lapeer WTP Lapeer Co. Table 10-4 $10,080,000 $10,080,000
20 Lapeer Transmission Pipeline(s) Lapeer Co. Table 10-4 $18,975,000 $18,975,000
21 Worth WTP Sanilac Co. Table 11-1 $1,128,000 $1,128,000
22 Worth Raw Water Pumps Sanilac Co. Appendix 11.6 $200,000 $200,000
23
24 Total Estimated Construction Cost $429,771,570 $317,367,567 $76,607,003 $5,319,000 $29,150,000 $1,328,000
25
26 Design Contingency 5% $21,488,579 $15,868,378 $3,830,350 $265,950 $1,457,500 $66,400
27 Construction Contingency 15% $64,465,736 $47,605,135 $11,491,050 $797,850 $4,372,500 $199,200
28 Engineering, Bond, Legal, & Administrative 17% $73,061,167 $53,952,486 $13,023,191 $904,230 $4,955,500 $225,760
29
30 Power Service (Raw Water Pump Sta) KWA $4,200,000 $4,200,000
31 Power Service (Reservoir Pumping) KWA $180,000 $180,000
32 Power Service (GCDC-WWS WTP) GCDC-WWS $5,900,000 $5,900,000
33 Power Service (Valves & Meters) 21 sites $5,000 per site KWA $105,000 $105,000
34 Transfer 72" Flint Main to GCDC-WWS Table 17-2 $1,300,000 -$1,300,000
35 Land (Raw Water Pump Sta) KWA $2,300,000 -$2,300,000
36 Land (Reservoir) 130 A $6,000 per A KWA $780,000 $780,000
37 Land ( GCDC-WWS WTP) 25 A $6,000 per A GCDC-WWS $150,000 $150,000
38 Land (GCDC-WWS Finished Water Pipeline) GCDC-WWS $36,960 $36,960
39 Land (KWA pipeline ROW) KWA $1,527,200 $1,527,200
40 Land (Lapeer Co. WTP) 5 A 6000 per A Lapeer Co. Appendix 10.7.1 $30,000 $30,000
41 Land (Lapeer Co. Transmission) Lapeer Co. $43,560 $43,560
42 Land (Sanilac Co. WTP) 5 A 6000 per A Sanilac Co. $30,000 $30,000

Capital Components
(Capital Costs Based on ENR CCI = 8688)
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Table 14-2 KWA O&M 

 
Component: Administrative Total

Year Maintenance Labor Chemicals Power Residuals Total O&M Maintenance Labor Power Total O&M Maintenance Labor Chemicals Power Total O&M KWA Administrative
2010 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $200,000 $200,000
2011 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $206,000 $206,000
2012 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $212,180 $212,180
2013 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $218,545 $218,545
2014 $62,700 $203,840 $57,260 $1,141,000 $36,000 $1,500,800 $47,398 $14,580 $22,800 $84,778 $42,300 $39,886 $50,000 $168,626 $300,812 $225,102 $2,111,491
2015 $129,162 $209,955 $59,776 $1,191,133 $37,582 $1,627,608 $97,639 $15,017 $23,802 $136,458 $87,138 $41,083 $52,197 $176,035 $356,453 $231,855 $2,352,373
2016 $199,555 $216,254 $62,391 $1,243,247 $39,226 $1,760,673 $150,852 $15,468 $24,843 $191,163 $134,628 $42,315 $54,481 $183,737 $415,161 $238,810 $2,605,808
2017 $274,056 $222,741 $65,110 $1,297,416 $40,935 $1,900,258 $207,171 $15,932 $25,926 $249,028 $184,889 $43,585 $56,854 $191,742 $477,071 $245,975 $2,872,332
2018 $352,847 $229,424 $67,935 $1,353,716 $42,711 $2,046,633 $213,386 $16,410 $27,051 $256,846 $238,045 $44,892 $59,321 $200,063 $542,321 $253,354 $3,099,155
2019 $363,432 $236,306 $70,871 $1,412,227 $44,558 $2,127,394 $219,787 $16,902 $28,220 $264,909 $245,186 $46,239 $61,885 $208,710 $562,021 $260,955 $3,215,279
2020 $374,335 $243,396 $73,923 $1,473,029 $46,476 $2,211,159 $226,381 $17,409 $29,435 $273,225 $252,542 $47,626 $64,550 $217,696 $582,414 $268,783 $3,335,581
2021 $385,565 $250,697 $77,093 $1,536,209 $48,469 $2,298,035 $233,172 $17,932 $30,697 $281,801 $260,118 $49,055 $67,319 $227,033 $603,525 $276,847 $3,460,207
2022 $397,132 $258,218 $80,388 $1,601,854 $50,541 $2,388,133 $240,167 $18,470 $32,009 $290,646 $267,922 $50,526 $70,195 $236,735 $625,378 $285,152 $3,589,309
2023 $409,046 $265,965 $83,810 $1,670,055 $52,692 $2,481,569 $247,372 $19,024 $33,372 $299,768 $275,960 $52,042 $73,184 $246,814 $648,000 $293,707 $3,723,043
2024 $421,318 $273,944 $87,366 $1,740,907 $54,928 $2,578,462 $254,794 $19,594 $34,788 $309,176 $284,238 $53,603 $76,289 $257,285 $671,415 $302,518 $3,861,571
2025 $433,957 $282,162 $91,059 $1,814,506 $57,250 $2,678,935 $262,437 $20,182 $36,258 $318,878 $292,765 $55,212 $79,514 $268,162 $695,653 $311,593 $4,005,059
2026 $446,976 $290,627 $94,896 $1,890,955 $59,662 $2,783,116 $270,311 $20,788 $37,786 $328,884 $301,548 $56,868 $82,864 $279,460 $720,740 $320,941 $4,153,682
2027 $460,385 $299,346 $98,881 $1,970,357 $62,167 $2,891,136 $278,420 $21,411 $39,373 $339,204 $310,595 $58,574 $86,343 $291,195 $746,707 $330,570 $4,307,617
2028 $474,197 $308,326 $103,019 $2,052,822 $64,769 $3,003,133 $286,772 $22,054 $41,020 $349,847 $319,913 $60,331 $89,957 $303,382 $773,583 $340,487 $4,467,050
2029 $488,423 $317,576 $107,317 $2,138,461 $67,471 $3,119,248 $295,376 $22,715 $42,732 $360,823 $329,510 $62,141 $93,710 $316,039 $801,400 $350,701 $4,632,172
2030 $503,075 $327,103 $111,780 $2,227,392 $70,277 $3,239,627 $304,237 $23,397 $44,509 $372,142 $339,395 $64,005 $97,607 $329,182 $830,189 $361,222 $4,803,181
2031 $518,168 $336,916 $116,414 $2,319,733 $73,191 $3,364,421 $313,364 $24,099 $46,354 $383,817 $349,577 $65,925 $101,654 $342,828 $859,985 $372,059 $4,980,282
2032 $533,713 $347,024 $121,225 $2,415,610 $76,216 $3,493,788 $322,765 $24,821 $48,270 $395,856 $360,065 $67,903 $105,855 $356,998 $890,821 $383,221 $5,163,685
2033 $549,724 $357,435 $126,221 $2,515,152 $79,356 $3,627,888 $332,448 $25,566 $50,259 $408,273 $370,867 $69,940 $110,217 $371,709 $922,733 $394,717 $5,353,611
2034 $566,216 $368,158 $131,407 $2,618,493 $82,617 $3,766,890 $342,421 $26,333 $52,324 $421,078 $381,993 $72,039 $114,746 $386,982 $955,758 $406,559 $5,550,285
2035 $583,202 $379,202 $136,790 $2,725,770 $86,002 $3,910,967 $352,694 $27,123 $54,468 $434,285 $393,452 $74,200 $119,447 $402,836 $989,934 $418,756 $5,753,942
2036 $600,698 $390,579 $142,379 $2,837,128 $89,515 $4,060,298 $363,275 $27,937 $56,693 $447,904 $405,256 $76,426 $124,326 $419,293 $1,025,301 $431,318 $5,964,822
2037 $618,719 $402,296 $148,179 $2,952,713 $93,162 $4,215,069 $374,173 $28,775 $59,003 $461,950 $417,414 $78,718 $129,391 $436,375 $1,061,899 $444,258 $6,183,176
2038 $637,281 $414,365 $154,200 $3,072,681 $96,947 $4,375,473 $385,398 $29,638 $61,400 $476,436 $429,936 $81,080 $134,649 $454,105 $1,099,770 $457,586 $6,409,264
2039 $656,399 $426,796 $160,448 $3,197,189 $100,875 $4,541,707 $396,960 $30,527 $63,888 $491,375 $442,834 $83,512 $140,105 $472,506 $1,138,957 $471,313 $6,643,352
2040 $676,091 $439,600 $167,287 $3,333,469 $105,175 $4,721,622 $408,869 $31,443 $66,611 $506,923 $456,119 $86,018 $146,077 $492,646 $1,180,860 $485,452 $6,894,857
2041 $696,374 $452,788 $174,392 $3,475,049 $109,642 $4,908,245 $421,135 $32,386 $69,440 $522,962 $469,803 $88,598 $152,281 $513,570 $1,224,252 $500,016 $7,155,474
2042 $717,265 $466,371 $181,773 $3,622,123 $114,283 $5,101,815 $433,769 $33,358 $72,379 $539,506 $483,897 $91,256 $158,726 $535,306 $1,269,185 $515,017 $7,425,522
2043 $738,783 $480,362 $189,439 $3,774,895 $119,103 $5,302,582 $446,782 $34,359 $75,432 $556,573 $498,414 $93,994 $165,420 $557,884 $1,315,712 $530,467 $7,705,334
2044 $760,947 $494,773 $197,403 $3,933,572 $124,109 $5,510,804 $460,186 $35,389 $78,602 $574,178 $513,366 $96,814 $172,374 $581,334 $1,363,888 $546,381 $7,995,251
2045 $783,775 $509,616 $205,673 $4,098,373 $129,309 $5,726,747 $473,991 $36,451 $81,896 $592,338 $528,767 $99,718 $179,596 $605,690 $1,413,771 $562,772 $8,295,628
2046 $807,288 $524,905 $214,262 $4,269,522 $134,709 $5,950,686 $488,211 $37,545 $85,316 $611,071 $544,630 $102,710 $187,096 $630,984 $1,465,419 $579,656 $8,606,832
2047 $831,507 $540,652 $223,181 $4,447,251 $140,316 $6,182,908 $502,857 $38,671 $88,867 $630,395 $560,969 $105,791 $194,884 $657,250 $1,518,894 $597,045 $8,929,243
2048 $856,452 $556,872 $232,443 $4,631,802 $146,139 $6,423,707 $517,943 $39,831 $92,555 $650,329 $577,798 $108,965 $202,971 $684,524 $1,574,258 $614,957 $9,263,251
2049 $882,146 $573,578 $242,059 $4,823,423 $152,185 $6,673,390 $533,481 $41,026 $96,384 $670,891 $595,132 $112,234 $211,368 $712,844 $1,631,577 $633,405 $9,609,264
2050 $908,610 $590,785 $252,043 $5,022,372 $158,462 $6,932,273 $549,486 $42,257 $100,359 $692,102 $612,986 $115,601 $220,086 $742,246 $1,690,919 $652,408 $9,967,701

Notes:
    1.  Labor and maintenance expenses have been assumed to increase annually at the rate of inflation.
    2.  Chemicals, power, and residuals expenses vary based upon projected annual consumption and increase at the rate of inflation.
    3.  Maintenance costs have been been phased in over the initial five year period.
            

Intake & Lake Huron Pumping Station Transmission Mains Reservoir and Reservoir Pumping Station
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Table 14-3 GCDC O&M 
 
Component:

Year Maintenance Labor Chemicals Power Residuals Total O&M
2010
2011
2012
2013
2014 $170,440 $859,248 $276,300 $611,800 $64,400 $1,982,188
2015 $351,106 $885,025 $288,440 $638,681 $67,230 $2,230,483
2016 $542,459 $911,576 $301,060 $666,625 $70,171 $2,491,891
2017 $744,978 $938,923 $314,177 $695,670 $73,228 $2,766,976
2018 $959,159 $967,091 $327,810 $725,858 $76,406 $3,056,324
2019 $987,933 $996,104 $341,979 $757,231 $79,708 $3,162,956
2020 $1,017,571 $1,025,987 $356,703 $789,833 $83,140 $3,273,234
2021 $1,048,099 $1,056,767 $372,002 $823,710 $86,706 $3,387,283
2022 $1,079,541 $1,088,470 $387,899 $858,908 $90,411 $3,505,229
2023 $1,111,928 $1,121,124 $404,414 $895,477 $94,261 $3,627,204
2024 $1,145,286 $1,154,757 $421,571 $933,468 $98,260 $3,753,341
2025 $1,179,644 $1,189,400 $439,394 $972,931 $102,414 $3,883,783
2026 $1,215,033 $1,225,082 $457,906 $1,013,923 $106,729 $4,018,673
2027 $1,251,484 $1,261,835 $477,134 $1,056,498 $111,210 $4,158,162
2028 $1,289,029 $1,299,690 $497,103 $1,100,716 $115,865 $4,302,402
2029 $1,327,700 $1,338,680 $517,841 $1,146,635 $120,698 $4,451,555
2030 $1,367,531 $1,378,841 $539,376 $1,194,319 $125,718 $4,605,785
2031 $1,408,557 $1,420,206 $561,737 $1,243,832 $130,930 $4,765,262
2032 $1,450,813 $1,462,812 $584,955 $1,295,241 $136,341 $4,930,163
2033 $1,494,338 $1,506,697 $609,059 $1,348,615 $141,960 $5,100,669
2034 $1,539,168 $1,551,897 $634,084 $1,404,026 $147,792 $5,276,968
2035 $1,585,343 $1,598,454 $660,062 $1,461,548 $153,847 $5,459,254
2036 $1,632,903 $1,646,408 $687,027 $1,521,257 $160,132 $5,647,729
2037 $1,681,890 $1,695,800 $715,017 $1,583,234 $166,656 $5,842,598
2038 $1,732,347 $1,746,674 $744,068 $1,647,560 $173,427 $6,044,077
2039 $1,784,318 $1,799,074 $774,218 $1,714,321 $180,455 $6,252,386
2040 $1,837,847 $1,853,047 $807,220 $1,787,394 $188,147 $6,473,654
2041 $1,892,982 $1,908,638 $841,504 $1,863,308 $196,138 $6,702,571
2042 $1,949,772 $1,965,897 $877,119 $1,942,169 $204,439 $6,939,396
2043 $2,008,265 $2,024,874 $914,113 $2,024,085 $213,062 $7,184,399
2044 $2,068,513 $2,085,620 $952,538 $2,109,167 $222,018 $7,437,856
2045 $2,130,568 $2,148,189 $992,446 $2,197,533 $231,319 $7,700,055
2046 $2,194,486 $2,212,635 $1,033,890 $2,289,302 $240,979 $7,971,292
2047 $2,260,320 $2,279,014 $1,076,929 $2,384,600 $251,011 $8,251,873
2048 $2,328,130 $2,347,384 $1,121,619 $2,483,555 $261,427 $8,542,114
2049 $2,397,974 $2,417,806 $1,168,021 $2,586,301 $272,242 $8,842,344
2050 $2,469,913 $2,490,340 $1,216,198 $2,692,977 $283,471 $9,152,899

Notes:
    1.  Labor and maintenance expenses have been assumed to increase annually at the rate of inflation.
    2.  Chemicals, power, and residuals expenses vary based upon projected annual consumption and 
            increase at the rate of inflation.
    3.  Maintenance costs have been been phased in over the initial five year period.

GCDC-WWS WTP
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Table 14-4 Flint O&M 
 

Component:
Year Maintenance Labor Chemicals Power Residuals Total O&M
2010
2011
2012
2013
2014 $79,000 $1,635,000 $530,000 $950,000 $135,000 $3,329,000
2015 $162,740 $1,684,050 $549,508 $984,968 $139,969 $3,521,236
2016 $251,433 $1,734,572 $569,710 $1,021,179 $145,115 $3,722,009
2017 $345,302 $1,786,609 $590,630 $1,058,677 $150,444 $3,931,660
2018 $444,576 $1,840,207 $612,292 $1,097,505 $155,961 $4,150,541
2019 $457,913 $1,895,413 $634,722 $1,137,710 $161,675 $4,287,433
2020 $471,651 $1,952,276 $657,947 $1,179,339 $167,590 $4,428,803
2021 $485,800 $2,010,844 $681,994 $1,222,443 $173,716 $4,574,796
2022 $500,374 $2,071,169 $706,892 $1,267,071 $180,057 $4,725,563
2023 $515,385 $2,133,304 $732,670 $1,313,276 $186,623 $4,881,259
2024 $530,847 $2,197,303 $759,358 $1,361,114 $193,421 $5,042,044
2025 $546,772 $2,263,222 $786,989 $1,410,640 $200,459 $5,208,083
2026 $563,176 $2,331,119 $815,593 $1,461,912 $207,745 $5,379,546
2027 $580,071 $2,401,053 $845,206 $1,514,992 $215,288 $5,556,609
2028 $597,473 $2,473,084 $875,861 $1,569,940 $223,097 $5,739,455
2029 $615,397 $2,547,277 $907,595 $1,626,822 $231,180 $5,928,271
2030 $633,859 $2,623,695 $940,445 $1,685,703 $239,547 $6,123,250
2031 $652,875 $2,702,406 $974,449 $1,746,654 $248,209 $6,324,592
2032 $672,461 $2,783,478 $1,009,647 $1,809,744 $257,174 $6,532,504
2033 $692,635 $2,866,982 $1,046,079 $1,875,048 $266,454 $6,747,199
2034 $713,414 $2,952,992 $1,083,789 $1,942,641 $276,060 $6,968,896
2035 $734,816 $3,041,582 $1,122,820 $2,012,602 $286,001 $7,197,822
2036 $756,861 $3,132,829 $1,163,218 $2,085,013 $296,291 $7,434,212
2037 $779,567 $3,226,814 $1,205,028 $2,159,957 $306,941 $7,678,307
2038 $802,954 $3,323,618 $1,248,301 $2,237,521 $317,963 $7,930,357
2039 $827,042 $3,423,327 $1,293,085 $2,317,794 $329,371 $8,190,620
2040 $851,854 $3,526,027 $1,345,024 $2,410,891 $342,600 $8,476,396
2041 $877,409 $3,631,808 $1,398,915 $2,507,488 $356,327 $8,771,947
2042 $903,731 $3,740,762 $1,454,828 $2,607,711 $370,569 $9,077,602
2043 $930,843 $3,852,985 $1,512,838 $2,711,691 $385,346 $9,393,702
2044 $958,769 $3,968,574 $1,573,019 $2,819,562 $400,675 $9,720,598
2045 $987,532 $4,087,631 $1,635,449 $2,931,465 $416,577 $10,058,654
2046 $1,017,158 $4,210,260 $1,700,209 $3,047,545 $433,072 $10,408,244
2047 $1,047,672 $4,336,568 $1,767,383 $3,167,951 $450,183 $10,769,757
2048 $1,079,103 $4,466,665 $1,837,057 $3,292,839 $467,930 $11,143,594
2049 $1,111,476 $4,600,665 $1,909,322 $3,422,369 $486,337 $11,530,168
2050 $1,144,820 $4,738,685 $1,984,268 $3,556,707 $505,427 $11,929,907

Notes:
    1.  Labor and maintenance expenses have been assumed to increase annually at the rate of inflation.
    2.  Chemicals, power, and residuals expenses vary based upon projected annual consumption and 
            increase at the rate of inflation.
    3.  Maintenance costs have been been phased in over the initial five year period.

Flint WTP
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Table 14-5 Lapeer County O&M 
 

Component:
Year Maintenance Labor Chemicals Testing Power Total O&M
2010
2011
2012
2013
2014 $26,400 $213,000 $33,000 $15,000 $98,000 $385,400
2015 $54,384 $219,390 $37,453 $15,450 $111,225 $437,902
2016 $84,023 $225,972 $42,144 $15,914 $125,155 $493,207
2017 $115,392 $232,751 $47,082 $16,391 $139,821 $551,437
2018 $148,567 $239,733 $33,000 $16,883 $155,254 $593,437
2019 $153,024 $246,925 $36,450 $17,389 $171,487 $625,276
2020 $157,615 $254,333 $40,078 $17,911 $188,554 $658,491
2021 $162,343 $261,963 $43,891 $18,448 $206,491 $693,137
2022 $167,214 $269,822 $47,896 $19,002 $225,335 $729,268
2023 $172,230 $277,917 $52,102 $19,572 $245,124 $766,944
2024 $177,397 $286,254 $56,518 $20,159 $265,897 $806,224
2025 $182,719 $294,842 $61,151 $20,764 $287,695 $847,171
2026 $188,200 $303,687 $66,012 $21,386 $310,563 $889,848
2027 $193,846 $312,798 $71,109 $22,028 $334,543 $934,324
2028 $199,662 $322,182 $76,453 $22,689 $359,683 $980,668
2029 $205,652 $331,847 $82,053 $23,370 $386,030 $1,028,951
2030 $211,821 $341,802 $87,920 $24,071 $413,634 $1,079,249
2031 $218,176 $352,057 $94,066 $24,793 $442,547 $1,131,638
2032 $224,721 $362,618 $100,501 $25,536 $472,823 $1,186,200
2033 $231,463 $373,497 $107,238 $26,303 $504,517 $1,243,016
2034 $238,407 $384,702 $114,288 $27,092 $537,686 $1,302,175
2035 $245,559 $396,243 $121,665 $27,904 $572,392 $1,363,764
2036 $252,926 $408,130 $129,382 $28,742 $608,697 $1,427,876
2037 $260,513 $420,374 $137,452 $29,604 $646,664 $1,494,608
2038 $268,329 $432,985 $145,890 $30,492 $686,362 $1,564,058
2039 $276,379 $445,975 $154,711 $31,407 $727,860 $1,636,331
2040 $284,670 $459,354 $161,227 $32,349 $758,516 $1,696,115
2041 $293,210 $473,135 $167,994 $33,319 $790,356 $1,758,014
2042 $302,006 $487,329 $175,023 $34,319 $823,423 $1,822,100
2043 $311,067 $501,948 $182,322 $35,348 $857,764 $1,888,450
2044 $320,399 $517,007 $189,902 $36,409 $893,424 $1,957,140
2045 $330,011 $532,517 $197,773 $37,501 $930,451 $2,028,253
2046 $339,911 $548,493 $205,944 $38,626 $968,896 $2,101,870
2047 $350,108 $564,947 $214,428 $39,785 $1,008,810 $2,178,079
2048 $360,611 $581,896 $223,236 $40,979 $1,050,248 $2,256,969
2049 $371,430 $599,353 $232,379 $42,208 $1,093,263 $2,338,633
2050 $382,573 $617,333 $241,870 $43,474 $1,137,914 $2,423,164

Notes:
    1.  Labor and maintenance expenses have been assumed to increase annually at the rate of inflation.
    2.  Chemicals, power, and residuals expenses vary based upon projected annual consumption and 
            increase at the rate of inflation.
    3.  Maintenance costs have been been phased in over the initial five year period.

Lapeer WTP
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Table 14-6 Sanilac County O&M 
 

Component:
Year Maintenance Labor Chemicals Testing Power Total O&M
2010
2011
2012
2013
2014 $2,400 $89,000 $1,000 $4,000 $5,000 $101,400
2015 $4,944 $91,670 $1,046 $4,120 $5,232 $107,013
2016 $7,638 $94,420 $1,095 $4,244 $5,474 $112,871
2017 $10,490 $97,253 $1,145 $4,371 $5,726 $118,985
2018 $13,506 $100,170 $1,198 $4,502 $5,988 $125,364
2019 $13,911 $103,175 $1,252 $4,637 $6,260 $129,236
2020 $14,329 $106,271 $1,309 $4,776 $6,543 $133,228
2021 $14,758 $109,459 $1,368 $4,919 $6,838 $137,342
2022 $15,201 $112,743 $1,429 $5,067 $7,145 $141,584
2023 $15,657 $116,125 $1,493 $5,219 $7,463 $145,957
2024 $16,127 $119,609 $1,559 $5,376 $7,795 $150,465
2025 $16,611 $123,197 $1,628 $5,537 $8,139 $155,112
2026 $17,109 $126,893 $1,700 $5,703 $8,498 $159,902
2027 $17,622 $130,700 $1,774 $5,874 $8,870 $164,840
2028 $18,151 $134,620 $1,851 $6,050 $9,257 $169,930
2029 $18,696 $138,659 $1,932 $6,232 $9,659 $175,178
2030 $19,256 $142,819 $2,016 $6,419 $10,078 $180,587
2031 $19,834 $147,103 $2,102 $6,611 $10,512 $186,164
2032 $20,429 $151,517 $2,193 $6,810 $10,964 $191,912
2033 $21,042 $156,062 $2,287 $7,014 $11,433 $197,838
2034 $21,673 $160,744 $2,384 $7,224 $11,920 $203,946
2035 $22,324 $165,566 $2,485 $7,441 $12,427 $210,243
2036 $22,993 $170,533 $2,591 $7,664 $12,953 $216,734
2037 $23,683 $175,649 $2,700 $7,894 $13,499 $223,426
2038 $24,394 $180,919 $2,813 $8,131 $14,067 $230,324
2039 $25,125 $186,346 $2,931 $8,375 $14,656 $237,434
2040 $25,879 $191,937 $3,071 $8,626 $15,355 $244,868
2041 $26,655 $197,695 $3,216 $8,885 $16,082 $252,534
2042 $27,455 $203,626 $3,368 $9,152 $16,839 $260,439
2043 $28,279 $209,734 $3,525 $9,426 $17,627 $268,592
2044 $29,127 $216,026 $3,689 $9,709 $18,447 $276,999
2045 $30,001 $222,507 $3,860 $10,000 $19,301 $285,669
2046 $30,901 $229,182 $4,038 $10,300 $20,189 $294,610
2047 $31,828 $236,058 $4,223 $10,609 $21,113 $303,830
2048 $32,783 $243,140 $4,415 $10,928 $22,074 $313,339
2049 $33,766 $250,434 $4,615 $11,255 $23,074 $323,144
2050 $34,779 $257,947 $4,823 $11,593 $24,114 $333,256

Notes:
    1.  Labor and maintenance expenses have been assumed to increase annually at the rate of inflation.
    2.  Chemicals, power, and residuals expenses vary based upon projected annual consumption 
            and increase at the rate of inflation.
    3.  Maintenance costs have been been phased in over the initial five year period.

Sanilac County
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Figure 14-1 Treatment and Delivery Cost 
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Table 14-7 Summary of KWA Costs 
 

Capital Costs
KWA Project Costs $443,885,767

Operating Costs
Year KWA O&M $/MCF
2010 $200,000 $0.13
2011 $206,000 $0.13
2012 $212,180 $0.13
2013 $218,545 $0.14
2014 $2,111,491 $1.30
2015 $2,352,373 $1.43
2016 $2,605,808 $1.56
2017 $2,872,332 $1.70
2018 $3,099,155 $1.81
2019 $3,215,279 $1.85
2020 $3,335,581 $1.90
2021 $3,460,207 $1.94
2022 $3,589,309 $1.99
2023 $3,723,043 $2.04
2024 $3,861,571 $2.09
2025 $4,005,059 $2.14
2026 $4,153,682 $2.20
2027 $4,307,617 $2.25
2028 $4,467,050 $2.31
2029 $4,632,172 $2.37
2030 $4,803,181 $2.43
2031 $4,980,282 $2.49
2032 $5,163,685 $2.55
2033 $5,353,611 $2.62
2034 $5,550,285 $2.69
2035 $5,753,942 $2.76
2036 $5,964,822 $2.83
2037 $6,183,176 $2.90
2038 $6,409,264 $2.98
2039 $6,643,352 $3.05
2040 $6,894,857 $3.13
2041 $7,155,474 $3.21
2042 $7,425,522 $3.29
2043 $7,705,334 $3.38
2044 $7,995,251 $3.46
2045 $8,295,628 $3.55
2046 $8,606,832 $3.64
2047 $8,929,243 $3.74
2048 $9,263,251 $3.83
2049 $9,609,264 $3.93
2050 $9,967,701 $4.04  
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Table 14-8 Summary of GCDC-WWS Costs 
DWSD Cost of Water Total Annual

Year
GCDC-WWS

Facilities
GCDC-WWS
Share of KWA Total $/MCF

GCDC-WWS
Facilities

GCDC-WWS
Share of KWA Total

Commodity
($/MCF)

(no debt or 
depr.)

($/MCF)
Cost of Water

($/MCF)
$110,038,554 $188,899,927 $298,938,481

2009 $14.32 $14.32 $14.32
Capital Costs 2010 $0 $85,314 $85,314 $0.12 $15.47 $15.59 $15.59

2011 $0 $87,874 $87,874 $0.13 $2,840,625 $4,876,417 $7,717,042 $16.70 $16.83 $27.96
GCDC-WWS Project Costs $110,038,554 2012 $0 $90,510 $90,510 $0.13 $5,767,330 $9,900,604 $15,667,934 $18.04 $18.17 $40.77
GCDC-WWS Share of KWA Project Costs $188,899,927 2013 $0 $93,225 $93,225 $0.13 $8,607,955 $14,777,021 $23,384,976 $19.48 $19.62 $53.34

2014 $1,982,188 $900,702 $2,882,890 $4.16 $8,607,955 $14,777,021 $23,384,976 $4.16 $37.88
GCDC-WWS Capital Costs $298,938,481 2015 $2,230,483 $995,739 $3,226,222 $4.63 $8,607,955 $14,777,021 $23,384,976 $4.63 $38.16

2016 $2,491,891 $1,094,694 $3,586,585 $5.11 $8,607,955 $14,777,021 $23,384,976 $5.11 $38.46
Bond Terms: 2017 $2,766,976 $1,197,726 $3,964,703 $5.62 $8,607,955 $14,777,021 $23,384,976 $5.62 $38.77
     interest rate 6.0% 2018 $3,056,324 $1,282,917 $4,339,241 $6.12 $8,607,955 $14,777,021 $23,384,976 $6.12 $39.09
     period 25 2019 $3,162,956 $1,321,490 $4,484,446 $6.29 $8,607,955 $14,777,021 $23,384,976 $6.29 $39.07

2020 $3,273,234 $1,361,329 $4,634,564 $6.46 $8,607,955 $14,777,021 $23,384,976 $6.46 $39.06
Annual Debt Service (P&I) $23,384,976 2021 $3,387,283 $1,402,474 $4,789,758 $6.64 $8,607,955 $14,777,021 $23,384,976 $6.64 $39.06

2022 $3,505,229 $1,444,967 $4,950,196 $6.83 $8,607,955 $14,777,021 $23,384,976 $6.83 $39.07
Operating Costs (2014) 2023 $3,627,204 $1,488,850 $5,116,054 $7.02 $8,607,955 $14,777,021 $23,384,976 $7.02 $39.08

2024 $3,753,341 $1,534,169 $5,287,510 $7.21 $8,607,955 $14,777,021 $23,384,976 $7.21 $39.10
GCDC-WWS O&M $1,982,188 2025 $3,883,783 $1,580,968 $5,464,752 $7.41 $8,607,955 $14,777,021 $23,384,976 $7.41 $39.13
GCDC-WWS share of KWA O&M $900,702 2026 $4,018,673 $1,629,297 $5,647,970 $7.62 $8,607,955 $14,777,021 $23,384,976 $7.62 $39.17

2027 $4,158,162 $1,679,203 $5,837,364 $7.83 $8,607,955 $14,777,021 $23,384,976 $7.83 $39.22
Total GCDC-WWS O&M (2014) $2,882,890 2028 $4,302,402 $1,730,737 $6,033,139 $8.05 $8,607,955 $14,777,021 $23,384,976 $8.05 $39.27

2029 $4,451,555 $1,783,952 $6,235,507 $8.28 $8,607,955 $14,777,021 $23,384,976 $8.28 $39.33
2030 $4,605,785 $1,838,902 $6,444,687 $8.51 $8,607,955 $14,777,021 $23,384,976 $8.51 $39.40

Total Annual Cost (P&I + O&M) (2014) $26,267,866 2031 $4,765,262 $1,895,642 $6,660,904 $8.75 $8,607,955 $14,777,021 $23,384,976 $8.75 $39.48
2032 $4,930,163 $1,954,230 $6,884,393 $9.00 $8,607,955 $14,777,021 $23,384,976 $9.00 $39.56
2033 $5,100,669 $2,014,726 $7,115,394 $9.25 $8,607,955 $14,777,021 $23,384,976 $9.25 $39.66

Summary - Cost of Water (2014) 2034 $5,276,968 $2,077,190 $7,354,158 $9.51 $8,607,955 $14,777,021 $23,384,976 $9.51 $39.76
2035 $5,459,254 $2,141,687 $7,600,941 $9.78 $8,607,955 $14,777,021 $23,384,976 $9.78 $39.88

GCDC-WWS Debt Service $12.41 per Mcf 2036 $5,647,729 $2,208,282 $7,856,011 $10.06 $5,767,330 $9,900,604 $15,667,934 $10.06 $30.12
GCDC-WWS Share of KWA Debt Service $21.31 per Mcf 2037 $5,842,598 $2,277,043 $8,119,641 $10.34 $2,840,625 $4,876,417 $7,717,042 $10.34 $20.17
GCDC-WWS O&M $2.86 per Mcf 2038 $6,044,077 $2,348,038 $8,392,115 $10.64 $0 $0 $0 $10.64 $10.64
GCDC-WWS Share of KWA O&M $1.30 per Mcf 2039 $6,252,386 $2,421,342 $8,673,728 $10.94 $0 $0 $0 $10.94 $10.94

2040 $6,473,654 $2,520,754 $8,994,408 $11.17 $0 $0 $0 $11.17 $11.17
Total Cost of Water (2014) $37.88 per Mcf 2041 $6,702,571 $2,623,880 $9,326,451 $11.41 $0 $0 $0 $11.41 $11.41

2042 $6,939,396 $2,730,854 $9,670,250 $11.66 $0 $0 $0 $11.66 $11.66
2043 $7,184,399 $2,841,814 $10,026,213 $11.91 $0 $0 $0 $11.91 $11.91

Present Worth 2044 $7,437,856 $2,956,904 $10,394,760 $12.17 $0 $0 $0 $12.17 $12.17
2045 $7,700,055 $3,076,271 $10,776,326 $12.44 $0 $0 $0 $12.44 $12.44

Capital Costs $298,938,481 2046 $7,971,292 $3,200,069 $11,171,361 $12.72 $0 $0 $0 $12.72 $12.72
Present Worth of O&M (2010 through 2050) $227,217,832 2047 $8,251,873 $3,328,458 $11,580,331 $13.00 $0 $0 $0 $13.00 $13.00

2048 $8,542,114 $3,461,601 $12,003,715 $13.30 $0 $0 $0 $13.30 $13.30
Present Worth (2010 through 2050) $526,156,313 2049 $8,842,344 $3,599,668 $12,442,011 $13.60 $0 $0 $0 $13.60 $13.60

2050 $9,152,899 $3,742,835 $12,895,734 $13.91 $0 $0 $0 $13.91 $13.91
Demand Summary Notes:

1.  Future DWSD commodity charge assumed to increase by 8% annually.  Proposed 2009 rate is $14.32 per MCF.
2014 Average Day Demand (GCDC-WWS) 14.21 mgd 2.  Debt for construction assumed to be phased over 3 year construction period (2011 to 2013.)
2014 Annual Consumption (GCDC-WWS) 693,402 Mcf 3.  "Cost of Water (no debt or depr.)" is the projected operating and maintenance expenses.  Neither debt nor depreciation expenses are included.
2014 Average Day Demand (KWA - Adjusted) 33.31 mgd 4.  "Total Annual Cost of Water" includes operating and maintenance costs plus debt service for construction of the planned project.  Depreciation expense
2014 GCDC-WWS Share of KWA ADD 42.7%       is not included.

O&M Capital
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Table 14-9 Summary of Flint Costs 
DWSD Cost of Water Total Annual

Year
Flint

Facilities
Flint Share

of KWA Total $/MCF
Flint

Facilities
Flint Share 

of KWA Total
Commodity

($/MCF)
(no debt or depr.)

($/MCF)
Cost of Water

($/MCF)
$5,987,030 $167,859,381 $173,846,411

Capital Costs 2009 $14.32 $14.32 $14.32
2010 $0 $99,183 $99,183 $0.12 $0 $15.47 $15.59 $15.61

Flint Project Costs $5,987,030 2011 $0 $102,159 $102,159 $0.13 $155,959 $4,372,652 $4,528,612 $16.70 $16.83 $23.38
Flint Share of KWA Project Costs $167,859,381 2012 $0 $105,223 $105,223 $0.13 $312,387 $8,758,436 $9,070,823 $18.04 $18.17 $31.27

2013 $0 $99,183 $99,183 $0.12 $468,345.71 $13,131,089 $13,599,434 $19.48 $19.61 $39.24
Flint Capital Costs $173,846,411 2014 $3,329,000 $1,047,121 $4,376,121 $5.43 $468,345.71 $13,131,089 $13,599,434 $5.43 $25.92

2015 $3,521,236 $1,158,607 $4,679,843 $5.77 $468,345.71 $13,131,089 $13,599,434 $5.77 $26.21
Bond Terms: 2016 $3,722,009 $1,274,833 $4,996,843 $6.12 $468,345.71 $13,131,089 $13,599,434 $6.12 $26.51
     interest rate 6.00% 2017 $3,931,660 $1,395,994 $5,327,655 $6.48 $468,345.71 $13,131,089 $13,599,434 $6.48 $26.83
     period 25 2018 $4,150,541 $1,496,530 $5,647,071 $6.82 $468,345.71 $13,131,089 $13,599,434 $6.82 $27.13

2019 $4,287,433 $1,542,793 $5,830,226 $7.00 $468,345.71 $13,131,089 $13,599,434 $7.00 $27.24
Annual Debt Service (P&I) $13,599,434 2020 $4,428,803 $1,590,595 $6,019,397 $7.18 $468,345.71 $13,131,089 $13,599,434 $7.18 $27.35

2021 $4,574,796 $1,639,984 $6,214,780 $7.37 $468,345.71 $13,131,089 $13,599,434 $7.37 $27.47
2022 $4,725,563 $1,691,012 $6,416,576 $7.56 $468,345.71 $13,131,089 $13,599,434 $7.56 $27.60

Operating Costs (2014) 2023 $4,881,259 $1,743,733 $6,624,993 $7.76 $468,345.71 $13,131,089 $13,599,434 $7.76 $27.73
2024 $5,042,044 $1,798,202 $6,840,246 $7.96 $468,345.71 $13,131,089 $13,599,434 $7.96 $27.88

Flint O&M $3,329,000 2025 $5,208,083 $1,854,474 $7,062,557 $8.17 $468,345.71 $13,131,089 $13,599,434 $8.17 $28.03
Flint share of KWA O&M $1,047,121 2026 $5,379,546 $1,912,610 $7,292,156 $8.38 $468,345.71 $13,131,089 $13,599,434 $8.38 $28.19

2027 $5,556,609 $1,972,669 $7,529,278 $8.60 $468,345.71 $13,131,089 $13,599,434 $8.60 $28.35
Total Flint O&M $4,376,121 2028 $5,739,455 $2,034,713 $7,774,168 $8.83 $468,345.71 $13,131,089 $13,599,434 $8.83 $28.53

2029 $5,928,271 $2,098,808 $8,027,079 $9.06 $468,345.71 $13,131,089 $13,599,434 $9.06 $28.72
2030 $6,123,250 $2,165,020 $8,288,270 $9.30 $468,345.71 $13,131,089 $13,599,434 $9.30 $28.91
2031 $6,324,592 $2,233,418 $8,558,010 $9.54 $468,345.71 $13,131,089 $13,599,434 $9.54 $29.11

Total Annual Cost (P&I + O&M) (2014) $17,975,555 2032 $6,532,504 $2,304,074 $8,836,578 $9.80 $468,345.71 $13,131,089 $13,599,434 $9.80 $29.33
2033 $6,747,199 $2,377,060 $9,124,259 $10.06 $468,345.71 $13,131,089 $13,599,434 $10.06 $29.55

Summary - Cost of Water (2014) 2034 $6,968,896 $2,452,453 $9,421,349 $10.32 $468,345.71 $13,131,089 $13,599,434 $10.32 $29.78
2035 $7,197,822 $2,530,332 $9,728,153 $10.60 $468,345.71 $13,131,089 $13,599,434 $10.60 $30.02

Flint Debt Service $0.58 per Mcf 2036 $7,434,212 $2,610,776 $10,044,988 $10.88 $312,246 $8,754,497 $9,066,743 $10.88 $24.47
Flint Share of KWA Debt Service $16.29 per Mcf 2037 $7,678,307 $2,693,871 $10,372,178 $11.17 $154,554 $4,333,259 $4,487,813 $11.17 $18.93
Flint O&M $4.13 per Mcf 2038 $7,930,357 $2,779,702 $10,710,059 $11.47 $0 $11.47 $13.57
Flint Share of KWA O&M $1.30 per Mcf 2039 $8,190,620 $2,868,359 $11,058,979 $11.77 $0 $11.77 $13.95

2040 $8,476,396 $2,969,907 $11,446,302 $12.07 $0 $12.07 $14.22
Total Cost of Water $22.30 per Mcf 2041 $8,771,947 $3,075,031 $11,846,978 $12.37 $0 $12.37 $14.49

2042 $9,077,602 $3,183,855 $12,261,457 $12.68 $0 $12.68 $14.78
Present Worth 2043 $9,393,702 $3,296,504 $12,690,207 $13.00 $0 $13.00 $15.08

2044 $9,720,598 $3,413,112 $13,133,710 $13.32 $0 $13.32 $15.38
Capital Costs $173,846,411 2045 $10,058,654 $3,533,812 $13,592,466 $13.66 $0 $13.66 $15.69
Present Worth of O&M (2010 through 2050) $291,469,417 2046 $10,408,244 $3,658,746 $14,066,991 $14.01 $0 $14.01 $16.02

2047 $10,769,757 $3,788,059 $14,557,816 $14.36 $0 $14.36 $16.35
Present Worth (2010 through 2050) $465,315,828 2048 $11,143,594 $3,921,900 $15,065,494 $14.73 $0 $14.73 $16.69

2049 $11,530,168 $4,060,425 $15,590,593 $15.11 $0 $15.11 $17.04
Demand Summary 2050 $11,929,907 $4,203,794 $16,133,701 $15.49 $0 $15.49 $17.40

Notes:
2009 Average Day Demand (Flint) 16.52 mgd 1.  Future DWSD commodity charge assumed to increase by 8% annually.  Proposed 2009 rate is $14.32 per MCF.
2009 Annual Consumption (Flint) 806,123 Mcf 2.  Debt for construction assumed to be phased over 3 year construction period (2011 to 2013.)
2009 Average Day Demand (KWA - Adjusted) 33.31 mgd 3.  "Cost of Water (no debt or depr.)" is the projected operating and maintenance expenses.  Neither debt nor depreciation expenses are included.
Flint Share of KWA ADD 49.6% 4.  "Total Annual Cost of Water" includes operating and maintenance costs plus debt service for construction of the planned project.  Depreciation expense

      is not included.

O&M Capital
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Table 14-10 Summary of Lapeer County Costs 

Lapeer Co.
Facilities

Lapeer Co.
Share of KWA Total

Present
Worth $/MCF

Lapeer Co.
Facilities

Lapeer Co.
Share of KWA Total

$40,009,060 $86,312,736 $126,321,796
Capital Costs 2009 $16.10 $16.10 $16.10

2010 $0 $15,250 $15,250 $14,806 $0.12 $0 $17.39 $16.22 $17.51
Lapeer County Project Costs $40,009,060 2011 $0 $15,707 $15,707 $14,806 $0.13 $1,032,827 $2,228,147 $3,260,974 $18.78 $17.51 $45.22
Lapeer County Share of KWA Project Costs $86,312,736 2012 $0 $16,178 $16,178 $14,806 $0.13 $2,096,951 $4,523,815 $6,620,765 $20.28 $18.91 $73.83

2013 $0 $16,664 $16,664 $15,211 $0.13 $3,129,777 $6,751,962 $9,881,740 $21.90 $20.42 $101.77
Lapeer County Capital Costs $126,321,796 2014 $385,400 $160,998 $546,398 $497,494 $4.41 $3,129,777 $6,751,962 $9,881,740 $4.41 $84.14

2015 $437,902 $195,001 $632,903 $574,687 $4.63 $3,129,777 $6,751,962 $9,881,740 $4.63 $76.99
Bond Terms: 2016 $493,207 $232,874 $726,081 $657,503 $4.87 $3,129,777 $6,751,962 $9,881,740 $4.87 $71.10
     interest rate 6.00% 2017 $551,437 $274,797 $826,234 $746,035 $5.11 $3,129,777 $6,751,962 $9,881,740 $5.11 $66.17
     period 25 2018 $593,437 $315,531 $908,968 $818,374 $5.21 $3,129,777 $6,751,962 $9,881,740 $5.21 $61.85

2019 $625,276 $346,600 $971,876 $872,420 $5.19 $3,129,777 $6,751,962 $9,881,740 $5.19 $58.01
Annual Debt Service (P&I) $9,881,740 2020 $658,491 $379,034 $1,037,525 $928,517 $5.20 $3,129,777 $6,751,962 $9,881,740 $5.20 $54.67

2021 $693,137 $412,890 $1,106,027 $986,643 $5.21 $3,129,777 $6,751,962 $9,881,740 $5.21 $51.75
2022 $729,268 $448,225 $1,177,493 $1,047,033 $5.23 $3,129,777 $6,751,962 $9,881,740 $5.23 $49.16

Operating Costs (2014) 2023 $766,944 $485,099 $1,252,043 $1,109,672 $5.27 $3,129,777 $6,751,962 $9,881,740 $5.27 $46.86
2024 $806,224 $523,574 $1,329,798 $1,174,526 $5.31 $3,129,777 $6,751,962 $9,881,740 $5.31 $44.80

Lapeer County O&M $385,400 2025 $847,171 $563,714 $1,410,884 $1,241,866 $5.37 $3,129,777 $6,751,962 $9,881,740 $5.37 $42.96
Lapeer County share of KWA O&M $160,998 2026 $889,848 $605,585 $1,495,434 $1,311,554 $5.43 $3,129,777 $6,751,962 $9,881,740 $5.43 $41.30

2027 $934,324 $649,258 $1,583,582 $1,383,766 $5.50 $3,129,777 $6,751,962 $9,881,740 $5.50 $39.79
Total Lapeer County O&M $546,398 2028 $980,668 $694,802 $1,675,470 $1,458,452 $5.57 $3,129,777 $6,751,962 $9,881,740 $5.57 $38.43

2029 $1,028,951 $742,292 $1,771,243 $1,535,938 $5.65 $3,129,777 $6,751,962 $9,881,740 $5.65 $37.19
Total Annual Cost (P&I + O&M) (2014) $10,428,138 2030 $1,079,249 $791,805 $1,871,054 $1,616,043 $5.74 $3,129,777 $6,751,962 $9,881,740 $5.74 $36.05

2031 $1,131,638 $843,420 $1,975,059 $1,698,829 $5.83 $3,129,777 $6,751,962 $9,881,740 $5.83 $35.01
2032 $1,186,200 $897,220 $2,083,419 $1,784,666 $5.93 $3,129,777 $6,751,962 $9,881,740 $5.93 $34.06

Summary - Cost of Water (2014) 2033 $1,243,016 $953,289 $2,196,305 $1,873,341 $6.04 $3,129,777 $6,751,962 $9,881,740 $6.04 $33.19
2034 $1,302,175 $1,011,716 $2,313,890 $1,964,920 $6.15 $3,129,777 $6,751,962 $9,881,740 $6.15 $32.39

Lapeer County Debt Service $25.25 per Mcf 2035 $1,363,764 $1,072,592 $2,436,356 $2,059,472 $6.26 $3,129,777 $6,751,962 $9,881,740 $6.26 $31.65
Lapeer County Share of KWA Debt Service $54.48 per Mcf 2036 $1,427,876 $1,136,013 $2,563,889 $2,157,429 $6.38 $2,096,951 $4,523,815 $6,620,765 $6.38 $22.86
Lapeer County O&M $3.11 per Mcf 2037 $1,494,608 $1,202,076 $2,696,684 $2,258,340 $6.51 $1,032,827 $2,228,147 $3,260,974 $6.51 $14.38
Lapeer County Share of KWA O&M $1.30 per Mcf 2038 $1,564,058 $1,270,884 $2,834,942 $2,362,451 $6.64 $0 $6.64 $6.64

2039 $1,636,331 $1,342,541 $2,978,871 $2,470,248 $6.78 $0 $6.78 $6.78
Total Cost of Water $84.14 per Mcf 2040 $1,696,115 $1,392,678 $3,088,794 $2,548,299 $6.94 $0 $6.94 $6.94

2041 $1,758,014 $1,444,622 $3,202,636 $2,628,559 $7.12 $0 $7.12 $7.12
2042 $1,822,100 $1,498,436 $3,320,536 $2,710,642 $7.30 $0 $7.30 $7.30

Present Worth 2043 $1,888,450 $1,554,184 $3,442,634 $2,794,799 $7.48 $0 $7.48 $7.48
2044 $1,957,140 $1,611,935 $3,569,075 $2,881,307 $7.67 $0 $7.67 $7.67

Capital Costs $126,321,796 2045 $2,028,253 $1,671,758 $3,700,011 $2,969,749 $7.86 $0 $7.86 $7.86
Present Worth of O&M (2010 through 2050) $0 2046 $2,101,870 $1,733,727 $3,835,597 $3,060,642 $8.06 $0 $8.06 $8.06

2047 $2,178,079 $1,797,914 $3,975,994 $3,153,548 $8.27 $0 $8.27 $8.27
Present Worth (2010 through 2050) $126,321,796 2048 $2,256,969 $1,864,399 $4,121,369 $3,248,498 $8.48 $0 $8.48 $8.48

2049 $2,338,633 $1,933,261 $4,271,894 $3,346,044 $8.69 $0 $8.69 $8.69
Demand Summary 2050 $2,423,164 $2,004,583 $4,427,748 $3,445,718 $8.92 $0 $8.92 $8.92

Notes:
2009 Average Day Demand (Lapeer County) 2.54 mgd 1.  Future DWSD commodity charge assumed to increase by 8% annually.  Proposed 2009 rate is $16.10 per MCF.
2009 Annual Consumption (Lapeer County) 123,944 Mcf 2.  Debt for construction assumed to be phased over 3 year construction period (2011 to 2013.)
2009 Average Day Demand (KWA - Adjusted) 33.31 mgd 3.  "Cost of Water (no debt or depr.)" is the projected operating and maintenance expenses.  Neither debt nor depreciation expenses are included.
Lapeer County Share of KWA ADD 7.6% 4.  "Total Annual Cost of Water" includes operating and maintenance costs plus debt service for construction of the planned project.

      Depreciation expense is not included.

CapitalO&M
DWSD 

Commodity
($/MCF)

Cost of Water
(no debt, depr)

($/MCF)

Total Annual
Cost of Water

($/MCF)Year
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Table 14-11 Summary of Sanilac County Costs 

Sanilac Co.
Facilities

Sanilac Co.
Share of KWA Total $/MCF

Sanilac Co.
Facilities

Sanilac Co.
Share of KWA Total

$1,849,360 $813,723 $2,663,083

2010 $300 $300 $0.12 $0 $41.14 $41.26 $0.12
Capital Costs 2011 $309 $309 $0.13 $48,218 $21,216 $69,434 $42.37 $42.50 $28.59

2012 $318 $318 $0.13 $96,451 $42,439 $138,890 $43.65 $43.78 $57.06
Sanilac County Project Costs $1,849,360 2013 $328 $328 $0.13 $144,669 $63,655 $208,324 $44.95 $45.09 $85.52
Sanilac County Share of KWA Project Costs $813,723 2014 $101,400 $3,169 $104,569 $42.86 $144,669 $63,655 $208,324 $42.86 $128.24

2015 $107,013 $3,539 $110,552 $44.60 $144,669 $63,655 $208,324 $44.60 $128.64
Sanilac County Capital Costs $2,663,083 2016 $112,871 $3,930 $116,801 $46.39 $144,669 $63,655 $208,324 $46.39 $129.12

2017 $118,985 $4,342 $123,327 $48.23 $144,669 $63,655 $208,324 $48.23 $129.71
Annual Debt Service (P&I) $208,324 2018 $125,364 $4,695 $130,059 $50.10 $144,669 $63,655 $208,324 $50.10 $130.35

2019 $129,236 $4,882 $134,118 $50.90 $144,669 $63,655 $208,324 $50.90 $129.96
2020 $133,228 $5,075 $138,303 $51.72 $144,669 $63,655 $208,324 $51.72 $129.63

Operating Costs (2014) 2021 $137,342 $5,275 $142,618 $52.57 $144,669 $63,655 $208,324 $52.57 $129.35
2022 $141,584 $5,483 $147,068 $53.44 $144,669 $63,655 $208,324 $53.44 $129.13

Sanilac County O&M $101,400 2023 $145,957 $5,699 $151,656 $54.33 $144,669 $63,655 $208,324 $54.33 $128.97
Sanilac County share of KWA O&M $3,169 2024 $150,465 $5,922 $156,387 $55.26 $144,669 $63,655 $208,324 $55.26 $128.86

2025 $155,112 $6,153 $161,265 $56.20 $144,669 $63,655 $208,324 $56.20 $128.81
Total Sanilac County O&M $104,569 2026 $159,902 $6,393 $166,295 $57.18 $144,669 $63,655 $208,324 $57.18 $128.81

2027 $164,840 $6,642 $171,482 $58.18 $144,669 $63,655 $208,324 $58.18 $128.86
2028 $169,930 $6,899 $176,830 $59.21 $144,669 $63,655 $208,324 $59.21 $128.97
2029 $175,178 $7,166 $182,344 $60.27 $144,669 $63,655 $208,324 $60.27 $129.13

Total Annual Cost (P&I + O&M) (2014) $312,893 2030 $180,587 $7,443 $188,030 $61.36 $144,669 $63,655 $208,324 $61.36 $129.34
2031 $186,164 $7,730 $193,893 $62.48 $144,669 $63,655 $208,324 $62.48 $129.60
2032 $191,912 $8,027 $199,939 $63.62 $144,669 $63,655 $208,324 $63.62 $129.92

Summary - Cost of Water (2014) 2033 $197,838 $8,335 $206,172 $64.80 $144,669 $63,655 $208,324 $64.80 $130.28
2034 $203,946 $8,654 $212,600 $66.01 $144,669 $63,655 $208,324 $66.01 $130.70

Sanilac County Debt Service $59.29 per Mcf 2035 $210,243 $8,984 $219,227 $67.26 $144,669 $63,655 $208,324 $67.26 $131.17
Sanilac County Share of KWA Debt Service $26.09 per Mcf 2036 $216,734 $9,327 $226,061 $68.53 $96,447 $42,437 $138,884 $68.53 $110.63
Sanilac County O&M $41.56 per Mcf 2037 $223,426 $9,682 $233,108 $69.84 $48,218 $21,216 $69,434 $69.84 $90.64
Sanilac County Share of KWA O&M $1.30 per Mcf 2038 $230,324 $10,049 $240,373 $71.19 $0 $71.19 $71.19

2039 $237,434 $10,430 $247,865 $72.56 $0 $72.56 $72.56
Total Cost of Water $128.24 per Mcf 2040 $244,868 $10,877 $255,745 $73.61 $0 $73.61 $73.61

2041 $252,534 $11,341 $263,875 $74.69 $0 $74.69 $74.69
Present Worth 2042 $260,439 $11,823 $272,262 $75.81 $0 $75.81 $75.81

2043 $268,592 $12,323 $280,915 $76.96 $0 $76.96 $76.96
Capital Costs $2,663,083 2044 $276,999 $12,841 $289,841 $78.15 $0 $78.15 $78.15
Present Worth of O&M (2010 through 2050) $6,535,844 2045 $285,669 $13,380 $299,049 $79.38 $0 $79.38 $79.38

2046 $294,610 $13,938 $308,548 $80.65 $0 $80.65 $80.65
Present Worth (2010 through 2050) $9,198,926 2047 $303,830 $14,518 $318,348 $81.96 $0 $81.96 $81.96

2048 $313,339 $15,119 $328,457 $83.31 $0 $83.31 $83.31
2049 $323,144 $15,743 $338,887 $84.69 $0 $84.69 $84.69
2050 $333,256 $16,390 $349,645 $86.12 $0 $86.12 $86.12

Demand Summary
Notes:

2009 Average Day Demand (Sanilac County) 0.05 mgd 1.  LWTUA rates have not been made available.
2009 Annual Consumption (Sanilac County) 2,440 Mcf 2.  Debt for construction assumed to be phased over 3 year construction period (2011 to 2013.)
2009 Average Day Demand (KWA - Adjusted) 33.31 mgd 3.  "Cost of Water (no debt or depr.)" is the projected operating and maintenance expenses.  Neither debt nor depreciation expenses are included.
Sanilac County Share of KWA ADD 0.2% 4.  "Total Annual Cost of Water" includes operating and maintenance costs plus debt service for construction of the planned project.  

      Depreciation expense is not included.
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15.1 Introduction 
The concept for a new Lake Huron Water Supply was developed consistent with the criteria 
established prior to beginning the study work.   
 
Following development of the concept for a new water supply and opinions of costs, the concept was 
reviewed to identify potential alternatives for cost reduction.  Alternatives for cost reduction have 
been considered only where the standards established for reliability, capacity, quality, and security 
have been maintained.  Alternatives presented have neither been reviewed with regulatory agencies 
nor have been studied to the detail of the original concept.  
 
Costs presented represent the magnitude of potential reduction.  Alternatives are presented for the 
KWA and for individual members.   

15.2 Potential Cost Reduction Alternatives – KWA Lake Huron Supply 
Following are potential modifications to the water supply concept studied which could reduce the cost 
of new Lake Huron Water Supply.  Savings resulting from these modifications will benefit all 
members of the KWA. 

15.2.1 Reduce Intake Capacity 

The proposed Lake Huron intake has been proposed with a capacity of 200 mgd.  The proposed 
capacity is 2 1/2 times the projected 25 year demand and twice the projected 50 year demand of 
KWA member communities.  The 200 mgd capacity was arbitrarily established at twice the 50 
year demand to ensure sufficient capacity for possible future growth of service area.  Future 
demands cannot be accurately projected and additional intake capacity was planned because of 
the high cost of the construction within Lake Huron.  Increasing the intake size will be 
significantly less costly than constructing a second intake in the future. 
 
If intake capacity is reduced to the projected 50 year demand of 104 mgd, the 96 inch intake 
pipeline can be replaced with a 72 inch intake.  The capacity reduction will allow similar 
reductions with the intake crib and shorewell.   
 
It is assumed that intake construction costs can be reduced by approximately 22% if capacity is 
reduced from 200 mgd to 100 mgd, as shown in Table 15-1. 
 

Table 15-1 Potential Cost Reduction with Reduced Intake Capacity 
Cost As Planned 

200 mgd Capacity 
Adjusted Cost 

100 mgd Capacity 
Intake $39,706,000 $29,840,000
Shorewell & Tunnel $6,629,000 $4,640,300
Lake Huron Pumping Station $29,100,000 $24,120,000
Subtotal $75,435,000 $58,600,300

Design Contingencies (5%) $3,771,750 $2,930,015
Construction Contingencies (15%) $11,315,250 $8,790,045

Engineering, Legal, Bond, Admin. (17%) $12,823,950 $9,962,051
Total Project Cost $103,345,950 $80,282,411

Potential Cost Savings $23,063,539 
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15.2.2 Single Stage Pumping 

The Lake Huron Pumping Station (LHPS) has been planned with two stage pumping.  Low lift 
pumping to the LHPS ground storage tanks is provided by vertical turbine pumps in the 
shorewell.  Horizontal split case pumps are planned to provide high service pumping, drawing 
raw water from the LHPS ground storage tank and pumping it to the planned inland reservoir. 
 
Savings can be realized by utilizing one set of pumps.  Vertical turbine pumps can draw directly 
from the shorewell and pump directly to the inland reservoir.  In addition to the savings from 
providing only a single set of pumps, additional savings can be realized since the LHPS building 
can be smaller and there will be no need for the ground storage tanks.  

 
Table 15-2 Potential Cost Reduction if LHPS Provided with Two Stage Pumping 

  

Cost As Planned
Two Stage 
Pumping 

200 mgd Capacity 

Estimated Cost 
Two Stage 
Pumping 

100 mgd Capacity 

Estimated Cost 
Single Stage 

Pumping 
100 mgd Capacity

Lake Huron Pumping Station $29,100,000 $24,120,000 $18,900,000
Design Contingencies (5%) $1,455,000 $1,206,000 $945,000

Construction Contingencies (15%) $4,365,000 $3,618,000 $2,835,000
Engineering, Legal, Bonds, & Admin. (17%) $4,947,000 $4,100,400 $3,213,000

Total Project Cost $39,867,000 $33,044,400 $25,893,000
Potential Cost Savings   $6,822,600 $13,974,000

15.2.3 Eliminate North Transmission Main 

The concept studied provides for a single raw water transmission main from Lake Huron.  To 
provide system reliability, a reservoir is planned inland which provides sufficient capacity to 
supply water to customers during periods the single pipeline is out of service for either 
maintenance or repairs.  Following the reservoir, either dual pipelines or other provisions are 
provided for system reliability. 
 
Significant cost savings can be realized if a single pipeline is constructed following the proposed 
reservoir.  The North Transmission Main has an estimated construction cost of $36,011,595 and 
the South Transmission Main has an estimated construction cost of $35,722,630.   
 
To eliminate one of these mains, alternative provisions for system reliability must be provided.  
An alternative for eliminating one of the mains is relocating the inland reservoir to the proposed 
Genesee County WTP site.  Because of the topography of the area, an additional pumping station 
and small reservoir will be required between Lake Huron and the Genesee County WTP site, 
otherwise system pressures in the supply pipeline will exceed the 200 psi limit established.  Large 
tracts of land with suitable topography for reservoir construction will be more difficult to identify 
in the area where the treatment plant is planned.  A single pipeline must be designed to carry the 
25-year MDD and will be larger than originally planned.  Table 15-3 shows the potential cost 
savings with this alternative. 
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Table 15-3 Potential Cost Reduction by Relocating Inland Reservoir 

  Cost As Planned Adjusted Cost 
Reservoir (Intermediate) $10,659,000 $3,000,000
Reservoir Pump Station (Intermediate) $11,200,000 $11,200,000
North Transmission Main $36,011,595  
South Transmission Main $35,722,630 $42,160,300
Reservoir (WTP)  $10,659,000
Second Pump Station  $11,200,000
Subtotal $93,593,225 $78,219,300

Design Contingencies (5%) $4,679,661 $3,910,965
Construction Contingencies (15%) $14,038,984 $11,732,895

Engineering, Legal, Bond, Admin. (17%) $15,910,848 $13,297,281
Land (KWA Pipeline ROW) $1,527,200 $1,117,669

Power Service (Valves & Meters) $105,000 $85,000
Total Project Cost $129,854,918 $108,363,110

Potential Cost Savings $21,491,808 

15.2.4 Mutual Aid Agreement with DWSD 

A backup water supply with another utility is another means of providing system reliability.  
Since Flint, GCDC-WWS and GLCUA are presently supplied finished water by DWSD, the 
current DWSD facilities can provide a backup water supply. 
 
If a suitable agreement for a backup supply can be negotiated between the KWA and DWSD, the 
following provisions for system reliability planned for the new Lake Huron Water Supply can be 
eliminated, reducing the project cost.   
a. Raw Water Reservoir – the reservoir has been included to provide at least seven days storage 

in event the intake or single pipeline from Lake Huron is out of service for repairs or 
maintenance.  With the mutual aid agreement, the 620 MG reservoir will not be necessary.  
However, there will remain the need for the intermediate pumping station since topography 
of the area will require re-pumping at an intermediate location to keep pipeline pressures 
within the limits established.  If the 620 MG reservoir is eliminated, the following provisions 
should be provided: 
• Provide variable frequency drives for operating the pumps at the Lake Huron Pumping 

Station 
• Provide a small reservoir (assumed to be 3 MG ground storage tank) at the intermediate 

pumping station 
b. Dual Transmission Mains – dual pipelines have been included after the reservoir so that one 

line is available to supply customers in the event one line is out of service for repairs or 
maintenance.  Each of the two pipelines has been planned with sufficient capacity to deliver 
75% of the MDD.  GCDC-WWS indicates that water consumption can be reduced to this 
level through emergency restrictions for outdoor water use.  With an agreement for a backup 
water supply, there will be no need for a redundant pipeline.  However, a single pipeline 
should be increased to provide capacity for 100% of MDD. 

 
The following table summarizes the potential reduction in project cost, if a suitable agreement 
can be reached with DWSD for mutual aid. 
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Table 15-4 Potential KWA Cost Savings with DWSD Mutual Aid 

  As Planned 
Modifications with 
DWSD Mutual Aid 

Eliminate Reservoir     
620 Mgal Reservoir $10,659,000 $0 
3 MG Ground Storage Tank $0 $3,000,000 
LHPS VFD's $0 $1,400,000 

Eliminate Dual Pipelines     
North Transmission Main $36,011,595 $0 
South Transmission (54" & 60") $35,722,630 $0 
South Transmission (66” & 72")  $42,160,300 

Subtotal $82,393,225 $46,560,300 
Design Contingencies (5%) $4,119,661 $2,328,015 

Construction Contingencies (15%) $12,358,984 $6,984,045 
Engineering, Legal, Bond, Admin. (17%) $14,006,848 $7,915,251 

Land (KWA Pipeline ROW) $1,527,200 $1,117,669 
Power Service (Valves & Meters) $105,000 $85,000 

Total Project Cost $114,510,918 $64,990,280 
Potential Cost Savings $49,520,638 

 
If an agreement for backup supply DWSD is established, some daily minimum supply from 
DWSD will also be required so that the supply pipeline volume remains fresh and ready for use in 
an emergency.  This will result in a slight decrease in the demands of the new Lake Huron supply.  
The impact on costs resulting from purchase of this minimum daily volume from DWSD and 
reduced capacity needed with the new KWA supply has not been included in this analysis. 

15.2.5 Reduce Transmission Main Size 

Design criteria established for transmission mains provided capacity for the projected 25 year 
MDD and limited operating pressures to 200 psi.  Transmission mains can be reduced in size if 
higher operating pressures are allowed.  The following table summarizes the potential cost 
reduction if operating pressure limit is increased to 250 psi.  As shown in Table 15-5, pump costs 
will increase because larger pumps will be required for the higher operating pressure. 
 

Table 15-5 Potential Cost Savings with Reduced Transmission Main Size 
As Planned Reduced Pipe Size 

Transmission Main $227,236,570 $222,857,263
LHPS $29,100,000 $4,365,000
RPS $11,200,000 $1,680,000
Subtotal $267,536,570 $228,902,263

Design Contingencies (5%) $13,376,829 $11,445,113
Construction Contingencies (15%) $40,130,486 $34,335,339

Engineering, Legal, Bonds, & Admin. (17%) $45,481,217 $38,913,385
Total Project Cost $366,525,101 $313,596,100

Potential Cost Savings $52,929,001 
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Although construction costs will be reduced if operating pressures are increased, power costs over 
the life of the facility will be increased. 

15.3 Potential Cost Reduction Alternatives – Genesee County 
Following are potential modifications to the water supply concept which could reduce the cost of 
facilities to serve GCDC-WWS.  Savings resulting from these modifications will benefit only GCDC-
WWS. 

15.3.1 WTP Process 

Conventional treatment by flocculation and filtration has been planned.  Membrane filtration is an 
alternative treatment process suitable for treatment of Great Lakes water.   
 
Table 15-6 shows that WTP project costs can be reduced by about 16 percent with membrane 
filtration. 
 

Table 15-6 Potential Costs Savings if Treatment Provided by Membrane Filtration 

  
Conventional 

Treatment 
Membrane 
Filtration 

Site Work $6,100,000 $5,500,000 
Pretreatment $10,500,000 $250,000 
Filtration $13,100,000 $18,800,000 
Chemical Facilities $4,600,000 $4,000,000 
Administration $3,000,000 $3,000,000 
Residual Handling $2,400,000 $2,200,000 
Finished Water Storage $1,900,000 $3,600,000 
High Service Pumping $3,400,000 $400,000 
Subtotal $45,000,000 $37,750,000 

Electrical (13%) $5,850,000 $4,907,500 
Mechanical (7%) $3,150,000 $2,642,500 

Subtotal $54,000,000 $45,300,000 
Contractor OH&P (22%) $11,880,000 $9,966,000 

Subtotal $65,880,000 $55,266,000 
Design Contingencies (5%) $3,294,000 $2,763,300 

Construction Contingencies (15%) $9,882,000 $8,289,900 
Engineering, Legal, Bonds, & Admin (17%) $11,199,600 $9,395,220 

Total Project Cost $90,255,600 $75,714,420 
Potential Cost Savings $14,541,180 

  16% 
 
In addition to reduced construction costs, annual operating costs are expected to be reduced by 
fifteen percent. 
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15.3.2 Henderson Road Pump Station Modifications 

The concept studied provides twin finished water pipelines between the WTP and the high service 
pumps (Henderson Road Pump Station).  Although not a cost reduction, the investment in the 
second pipeline could be invested in additional storage at the Henderson Road facility.   
 
If a mutual aid agreement with DWSD is negotiated, twin pipelines will not be needed to provide 
redundancy.  A single 48” pipeline could suffice for the 25-year MDD.  Table 15-7 shows the 
cost savings available with a single pipeline. 
 

Table 15-7 Potential Savings with Single Finished Watermain 
Costs as planned with 

twin finished watermains 
Costs, with single 

finished watermain 
Twin 42” Main $7,650,813
Restoration $1,377,190 $688,595

48” Main $5,061,602

Subtotal $9,028,003 $5,750,197

Design Contingencies (5%) $451,400 $287,510
Construction Contingencies (15%) $1,354,200 $862,530

Engineering, Legal, Bonds, & Admin (17%) $1,534,760 $977,533

Total Project Cost $12,368,363 $7,877,770

Potential Cost Savings $4,490,593 

15.3.3 Locate Genesee Co. WTP at HRPS Site 

Although GCDC-WWS does not presently own sufficient property at the HRPS site for 
construction of a WTP at the site, there is vacant land available adjacent to the site.  Construction 
of the WTP at the HRPS site will result in construction savings through reduced sitework and the 
elimination of the utility charge for a new power service.  There will also be some reduction in 
off-site piping.  Costs for additional land and the treatment plant are assumed to be similar.  Table 
15-8 provides a summary of the potential project cost savings if the WTP is constructed at the 
HRPS site, rather than at a remote site as has been planned. 
 

Table 15-8 Summary or Potential Savings by Relocating WTP to HRPS Site 
  WTP As-Planned WTP At HRPS Site 
Additional Raw Water Piping    2 miles-54" $4,937,657
Sitework   $6,100,000   $5,200,000
Finished Water Piping 2.7 miles-twin 42" $9,028,003 1/2 mile-twin 42" $1,693,332
Subtotal   $15,128,003   $11,830,989

Design Contingencies (5%)   $756,400   $591,549
Construction Contingencies (15%)   $2,269,200   $1,774,648

Engineering, Legal, Bonds, & 
Admin. (17%)   $2,571,760   $2,011,268

Power Service   $5,900,000    
Total Project Cost   $26,625,363   $16,208,455

Potential Cost Savings $10,416,908 
In addition to potential construction project savings, O&M costs will be less for a single facility. 
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15.4 Potential Cost Reduction Alternatives – City of Flint 
For the concept studied, the portion of the project directly attributable to the City of Flint is limited to 
modifications at the city’s WTP.  Although other upgrades at the WTP were identified during this 
study, only the upgrades necessary to reliably treat raw water from Lake Huron have been included in 
the proposed project.  Other than minor cost reduction through reducing the design capacity of the 
WTP, there is little opportunity for savings. 

15.5 Potential Cost Reduction Alternatives – Lapeer County 
Sixty percent of the project costs for providing service to Lapeer County is for the 22 miles of 
pipeline necessary to convey water from a treatment plant to the four communities: Lapeer, Mayfield 
Township, Imlay City, and Almont.  The service area and the locations of communities to be served 
have a significant impact on the cost of service to Lapeer County. 
 
Water treatment and local distribution to Lapeer, Mayfield Township, Imlay City, and Almont have 
been planned for a MDD of 14.8 mgd.  This is a 290% increase over current demands.  Table 15-9 
shows the potential savings if water is supplied to the four communities (Lapeer, Mayfield Township, 
Imlay City, and Almont) to meet current demands plus a 20% allowance for growth. 

 
Table 15-9 Potential Cost Reduction for Reduced Capacity 

  
As-Planned 

14.8 mgd 
Alternative 

Current + 20% 
Pipeline $15,875,000 $13,750,000 
WTP $10,080,000 $4,572,000 

Subtotal $25,955,000 $18,322,000 
Design Contingencies (5%) $1,297,750 $916,100 

Construction Contingencies (15%) $3,893,250 $2,748,300 
Engineering, Legal, Bonds, & Admin. (17%) $4,412,350 $3,114,740 

Project Cost $35,558,350 $25,101,140 
Potential Savings $10,457,210 

15.6 Potential Cost Reduction Alternatives – Sanilac County 
The concept studied for Sanilac County was developed with an assumed MDD of 0.1 mgd.  Although 
assumed to be constructed in Worth Township near Lake Huron, a WTP of the type considered can be 
easily provided at any location along the planned pipeline route.  The modular nature of the 
membrane filtration equipment allows for WTP’s to be developed to serve the specific needs of the 
county. 

15.7 Potential Cost Reduction Alternatives-Summary 
Table 15-10provides a summary of potential cost reductions available to reduce the total project cost 
of the planned Lake Huron water supply.  Additional savings is possible if a mutual aid agreement for 
emergency water supply is negotiated.  Table 15-10 shows the potential cost reductions “with” and 
“without” an appropriate mutual aid agreement. 
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Table 15-10 Summary of Potential Cost Savings 

Potential Savings 
New Water Supply 

Potential Savings, 
New Water Supply 
with DWSD Mutual 

Aid Agreement 
Reduced Intake $23,063,539 $23,063,539

Single Stage Pumping $13,974,000 $13,974,000

Eliminate north transmission (relocate reservoir) $21,491,808
Eliminate north transmission & reservoir $50,442,744

Smaller Transmission Main $52,929,001 $52,929,001

Total Potential Project Cost Savings $111,458,348 $140,409,284
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16.1 Introduction 
The proposed member communities of the Karegnondi Water Authority (KWA) are all presently 
supplied water from other utilities.  This appendix summarizes the current contract conditions for 
each member community. 

16.2 Flint and Lapeer County 
The City of Flint and the Greater Lapeer County Utility Authority (GLCUA) are presently supplied 
water as direct customers of the City of Detroit Water and Sewerage Department (DWSD).   Table 
16.1 summarizes the 2008-09 unit costs for water purchase from DWSD.  Copies of the original water 
supply agreement and the subsequent amendment between Flint and DWSD are provided in Section 
16.5.1 and 16.5.2.  A copy of the current water supply agreement between the City of Detroit and 
GLCUA is provided in Section 16.5.3. 

 
Table 16.1:  Cost of Water – DWSD Customers 

Community 

Actual 2008-2009 
Unit Cost of Water 

($/MCF) 

Proposed 2009-2010 
Unit Cost of Water 

($/MCF) 

Difference 

($) (%) 
Flint $13.07 $14.32 $1.25 9.6% 
GLCUA $14.84 $16.10 $1.26 8.5% 

16.3 Genesee County 
The Genesee County Drain Commissioner – Division of Water and Waste Services (GCDC-WWS) 
purchases water from the City of Flint.  GCDC-WWS is therefore a second tier customer of DWSD.  
The original agreement for water supply between Flint and Genesee County was executed on June 28, 
1973.  There have been four amendments to the original contract.  Copies of the agreement and 
amendments are included in Sections 16.5.4 through 16.5.8. 

16.4 Sanilac County 
Worth Township is a member of the Lexington-Worth Townships Utilities Authority (LWTUA), 
which distributes finished water to customers in Lexington and Worth Townships.  The service area 
for both communities is generally along Lake Huron, adjacent to Highway M-25.  LWTUA purchases 
finished water from the Village of Lexington. 
 
A copy of the LWTUA water supply contract has not been made available. 

16.5 Water Supply Agreements 
Copies of current water supply agreements for communities within the proposed service area are 
provided in this section. 
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16.5.1. Water Service Agreement between City of Detroit & City of Flint 
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16.5.2. Amendment to Water Service Agreement between City of Detroit & City of Flint 
  











Lake Huron Water Supply Study Appendix 16 – Existing Water Supply Contracts 

 Page 4 
 02/23/09 

16.5.3. Water Service Agreement – City of Detroit & Greater Lapeer County Utilities 
Authority 
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16.5.4.  Contract Between City of Flint and the County of Genesee Relative to Water Supply 
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16.5.5.  Supplemental Agreement and Amendment to City/County Water Agreement  
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16.5.6.  Agreement (a.k.a. Second Amendment) 
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16.5.7.  Third Amendment to 1973 City/County Water Supply Agreement 
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16.5.8. 4th Amendment to 1973 City/County Water Supply Agreement; Emergency Water 
Supply Mutual Aid Agreement 
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17.1 Introduction 
Genesee County, through the Genesee County Drain Commissioner Division of Water and Waste 
Services (GCDC-WWS) supplies water to 19 communities in Genesee County.  The GCDC-WWS 
purchases finished water from the City of Flint; Flint purchases finished water for the City of Detroit 
Water and Sewerage Department (DWSD). 
 
GCDC-WWS operates pumping, transmission, storage, and distribution facilities for the delivery of 
water to its customers.  The new Lake Huron Water Supply being studied will replace the current 
finished water supply with raw water.  A new water supply for the GCDC-WWS will require the 
modification of some existing facilities and the addition of new facilities.  Appendix 8 of this study 
considered the addition of treatment prior to distribution to Genesee County.  This Appendix 
considers other improvements or modifications needed if the new Lake Huron Water Supply is 
utilized. 

17.2 Henderson Road Pumping Station Modifications 
The Henderson Road Pumping Station (HRPS) was constructed in 2004 in conjunction with GCDC-
WWS’s North Loop.  Together, the North Loop and the HRPS provide for the transmission of water 
around the east and north side of Genesee County.  Water is supplied to the HRPS through a 
connection to Flint’s 72” transmission main.  The 72” main supplies finished water to Flint and 
Genesee County from DWSD. 
 
A 48 inch pipeline conveys water to the HRPS from the 72 inch Flint pipeline.  Water from the 48 
inch pipeline is routed through one of two existing 10 million gallon ground storage tanks.  Pumps at 
the HRPS draw water from the storage tanks and pump into the North Loop transmission main.  
There are presently three pumps at the HRPS, two with a capacity of 8 mgd and one with a capacity 
of 12 mgd.  These provide a firm capacity of 16 mgd and a total capacity of 30 mgd.  The HRPS was 
designed to allow expansion to a total capacity of 56.2 mgd. 
 
With the new Lake Huron Water Supply, the HRPS will serve as the high service pump for the 
Genesee County WTP.  All water normally supplied to Genesee County will be pumped through the 
HRPS.  GCDC-WWS criteria provide that distribution system storage provide sufficient capacity to 
meet peak demands and that maximum day demands are met by adequate supply capacity.  The 
following table summarizes the required pump upgrades. 

 
Table 17-1 HRPS Pumping Capacity 

  
Existing 
(mgd) 

Initial (2014) 
(mgd) 

25 Year (2039) 
(mgd) 

MDD   25 32 
Pumps     

1 8 8 8 
2 8 8 8 
3 14 14 14 
4   8 8 
5     8 

Total 30 38 46 

Firm 16 24 32 
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The addition of two 8 mgd pumps is necessary to provide sufficient capacity for the projected 25 year 
MDD.  The addition of a single pump should provide sufficient capacity initially.   
 
The HRPS building will need to be expanded to accommodate any additional pumps. 
 
The existing generator has sufficient capacity for operation of three pumps and can provide backup 
power for the initial MDD. 
 
A budget of $1,000,000 is planned for the initial upgrades. 

17.3 Flint’s 72 inch Pipeline 
Flint is supplied finished water from DWSD by a 72” transmission main.  Flint supplies water to 
GCDC-WWS through eight connections from the 72” main.   
 
With the new Lake Huron water supply being considered to replace the existing DWSD supply, the 
72” main will no longer be required to supply water to Flint, other than, perhaps as a backup source. 
Although there are eight connections from the 72” main to the GCDC-WWS distribution system, 
there are no direct connections from the 72” main to the city’s distribution system.  Abandonment of 
the 72” main will result in some reduction in the level of service of the GCDC-WWS distribution 
system unless other provisions for supplying water to the GCDC-WWS distribution are provided. 
 
Transfer of the 72 inch pipeline to GCDC-WWS will maintain service to their distribution system at 
or better than current levels.  The pipeline can be separated by existing valves located at the city’s 
water treatment plant, yet provide for a mutual aid emergency interconnection between the two 
systems. 
 
The city’s 72 inch main runs a distance of about 11 miles, between the DWSD meter and the city’s 
WTP.  Based upon the estimated 1963 construction cost of the main and the depreciation criteria 
established for this study, the 2009 depreciated value of the main is estimated at $1.3 million.  Table 
17.2 summarizes this computation. 
 

Table 17-2  Depreciated Value of 72” Transmission Main 
 

Length of Main 58,000 feet 
2009 Unit Cost of 72" Main (this study) $574 
Construction Cost (2009 $) $33,292,000 
2009 ENR Index 8688 
1963 ENR Index 901 
Adjusted Construction Cost (1963 $) $3,452,589 
Service Life 75 Years 
Remaining Value $1,335,001 

17.4 Existing Henderson Road 48” Pipeline Modifications 
The HRPS presently draws water from Flint’s 72 inch pipeline to supply the GCDC-WWS north 
loop. A 48 inch pipeline along Henderson Road supplies the HRPS.  A meter is provided at the 
connection to record water sales between Flint and GCDC-WWS. 
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With the new Lake Huron Water Supply being studied, the pipeline along Henderson Road will no 
longer supply the HRPS. 
 
Piping at the HRPS should be reconfigured, reversing the flow in the 48” main along Henderson 
Road, to supply the 72 inch Flint pipeline.  In conjunction with the transfer of the 72” main from Flint 
to GCDC-WWS, this modification will provide for distribution of water to the southern part of 
Genesee County. 
 
Flow reversal from the HRPS can be accomplished by repositioning of existing valves.  The meter 
and check valve located at the connection to the 72” main should be removed and replaced with a 
control valve to allow flow into the 72” main. 
 
A budget of $500,000 is established for replacing the meter with a control valve. 
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18.1 Introduction 
The City of Flint (Flint) and the Greater Lapeer County Utility Authority (GLCUA) have water 
supply contracts with the City of Detroit Water and Sewerage Department (DWSD).  The 
Genesee County Drain Commissioner-Division of Water and Waste Services (GCDC-WWS) has 
a contract with Flint for supply of water.  Sanilac County, the other study participant, is not 
currently a customer of DWSD.  The Sanilac County community of Worth Township is supplied 
water by the Village of Lexington.  Neither Sanilac County nor Worth Township is considered in 
this discussion regarding service by DWSD.  Continuing their existing service will be discussed 
later. 
 
One of the alternatives for long term water supply for Flint, GCDC-WWS, and GLCUA is 
continuing to purchase finished water from DWSD.  Representatives of the study group have met 
with DWSD officials to discuss options for continued supply by DWSD.  Although the specific 
details for any of the options discussed have not been worked out, several different concepts have 
been discussed.  This appendix provides a review and analysis of some of the options for 
continued supply by DWSD.   

18.2 DWSD Rate Model 
DWSD has established a uniform rate structure to establish water rates for all of its suburban 
wholesale customers.  The rate structure includes the following variables which are defined for 
each individual suburban wholesale customer: 
• Annual average day demand 
• Maximum day demand 
• Peak hour demand 
• Distance from  geographical center of all DWSD WTP’s 
• Elevation difference from geographical center of all DWSD WTP’s 
• Meter Size 
• Combinations of some of these factors 
 
DWSD determines its cost to operate, maintain, and expand the system on an annual basis.  
Individual costs are categorized according to their impact from the preceding variables.  The cost 
of water for each customer is computed annually using the cost factors and the variables 
established for each community. 
 
Because of their location away from the Detroit metropolitan area; the cost of water for Flint, 
GCDC-WWS, and GLCUA is heavily dependent upon the distance and elevation variables of the 
DWSD rate model.  As an example, the 2009 water rate for Flint is $13.07 per 1,000 cubic feet 
(MCF).  Table 18-1 shows that 69% of the cost of water is attributed to distance and elevation 
factors incorporated in the DWSD rate model. 

 
Table 18-1 Example of Cost Components of Flint Rate 

Component of Rate 
Cost of Water 

($/MCF) 

Portion of Rate 
Attributed to  

Distance & Elevation 
Commodity $3.95   
Distance $2.21 17% 
Distance / Elevation $6.84 52% 
Other $0.07   
Total $13.07 69% 
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18.3 Planned DWSD Transmission Facilities Upgrades 
DWSD is planning significant upgrades to their transmission facilities.  The cost of upgrades to 
DWSD’s facilities are divided amongst customers and incorporated into the water rates.  The cost 
of transmission facilities are considered “common to all” and are distributed on the basis of 
distance and elevation.  Future rates for Flint, GCDC-WWS, and GLCUA are expected to 
increase significantly to provide for the investment in the new transmission facilities because of 
their high distance and elevation factors.   
 
Table 18-2 summarizes upgrades planned by DWSD to their transmission facilities. 
 

Table 18-2 Planned DWSD Transmission Facility Upgrades 

Project 
Estimated 

Cost 
Construction 

Start 
Flint Loop Transmission System $572,200,000 2009 
NOTS $245,200,000 2009 
Macomb (includes the following) $464,800,000 2023 
   Chesterfield Booster Pump Station $15,150,000
   24 Mile Road Parallel Main $38,000,000
   Lake Huron WTP HS Pump Upgr. $23,450,000
   Second Feed - PH to Chesterfield $388,200,000
Source: DWSD Capital Improvement Program-September 25, 2008 Presentation 

 
DWSD has let contracts for management of many recent projects.  A construction management 
fee of 7% will be added to the project costs, shown in table 18-2, to allow for construction 
management. 

18.4 Continued Supply by DWSD 
DWSD has developed a new master agreement for wholesale water sales to suburban 
communities.  A copy of the master agreement is included in Section 18.6.  The agreement 
requires a thirty year commitment for water supply and that customers purchase a minimum 
volume annually.  The agreement also allows suburban communities to establish the demands and 
pressures to be supplied.  Water rates will be established based upon the demands established by 
the customer.  DWSD is not required to deliver rates greater than the demands required by the 
contract and DWSD may increase a community’s rate when the contracted amount is exceeded. 
 
Existing suburban customers are not required to execute the new master agreement for continued 
supply by DWSD.  Existing customers can continue to purchase water using the existing contract.   
Water rates will be established using historical demands plus a 20% proxy. 
 
Some of the concepts for continued service which have been discussed with DWSD will be 
compared on the basis of the projected cost of water.  Rates for the concepts studies have been 
computed using the format presented by DWSD and the Foster Group in September 2008 to 
document the computation of the 2009-2010 rates.   
 
DWSD officials have indicated that the cost of water to wholesale suburban customers is 
anticipated to increase at an average rate of 7% annually through 2014 and 5% annually 
thereafter.  These increases represent the average for all suburban customers.  A review of 
historical rates indicates that annual increases to Flint have averaged 1% higher than the average 
of all customers.  For this analysis, it is assumed that rate increases are 1% higher than the 
averages anticipated by DWSD. 
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Table 18-2 identified several upgrades to the transmission facilities planned by DWSD.  DWSD 
rate methodology incorporates the recovery of capital investment in new facilities into the rate. 
In developing rates for the options considered here, the following assumptions have been made. 
• The group of suburban wholesale customers remains unchanged 
• Water loss is constant 
 
Four options have been studied for Flint, GCDC-WWS, and GLCUA to continue as DWSD 
customers. 

18.4.1 Option 1- Annual Contract 

This scenario assumes that Flint and GLCUA continue to purchase finished water from 
DWSD based on their existing contracts.  GCDC-WWS is assumed to continue to purchase 
water from Flint.  This option represents no change from the present arrangement. 
 
Without executing the new master agreement, rates will be established based on historical 
demands plus a 20% proxy. 
 
The 2009-2010 rate was determined by DWSD and presented in September 2008.  For this 
analysis, it is assumed that the rate increases at an annual rate of 8% through 2014 and 6% 
later.  Table 18-3 shows the 2009-10 rates, key variables used in the DWSD rate model, and 
the required rate of capital recovery used to determine the cost of water for this option. 
 

Table 18-3 Factors Used to Determine Cost of Water for Option 1 
2009-10 

Rate 
($/MCF) 

Distance 
Factor 

Distance-
Elevation 

Factor 

% Peak 
Hour 

Distance 

Capital Recovery 
Requirement 
($ / $100M) 

Projected 
2036 Rate 
($ / MCF) 

Flint & GCDC-WWS $14.32 52.0 76.2 8.52% $570,000 $60.55
GLCUA $16.11 47.3 70.1 0.82% $55,000 $65.57

 
Table 18-4 shows the projected cost of water if Flint and GCDC-WWS continue to purchase 
water utilizing the existing water supply contract.  Table 18-5 shows the projected cost of 
water for GLCUA from DWSD with their original contract. 

18.4.2 Option 2- Master Agreement (Current Demands Plus 5%) 

This option is based on the assumption that Flint, GCDC-WWS, and GLCUA execute the 
new master agreement for water supply with DWSD.  It is assumed that the agreement limits 
demands to 5% more than historical demands for purposes of establishing rates.   
 
Table 18-6 shows the 2009-10 rates, key variables used in the DWSD rate model, and the 
required rate of capital recovery used to determine the cost of water for this option. 
 

Table 18-6 Factors Used to Determine Cost of Water for Option 2 
2009-10 

Rate 
($/MCF) 

Distance 
Factor 

Distance-
Elevation 

Factor 

% Peak
Hour 

Distance 

Capital Recovery 
Requirement 
($ / $100M) 

Projected 
2036 Rate 
($ / MCF) 

Flint & GCDC-WWS $12.71 52.0 76.2 7.69% $516,000 $53.80
GLCUA $14.16 47.3 70.1 0.73% $49,000 $57.65

 
Table 18-7 shows the projected cost of water for Flint and GCDC-WWS and Table 18-8 
shows the projected cost of water for GLCUA. 
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Table 18-4 Option 1 - Flint & GCDC-WWS; No Change 
Option 1 - Flint & GCDC-WWS: No Change

Assumptions:

DWSD Capital Projects: (from DWSD September 25, 2008)

Estimated Cost
Construction 

Start
Flint Loop Transmission System $572,200,000 2009
NOTS $245,200,000 2009
Macomb (includes the following:) $464,800,000 2023
   Chesterfield Booster Pump Station $15,150,000
   24 Mile Road Parallel Main $38,000,000
   Lake Huron WTP HS Pump Upgr. $23,450,000
   Second Feed - PH to Chesterfield $388,200,000

Const. Management Fee (assumed) 7.0%

DWSD Commodity Rates:
Flint & GCDC-WWS Commodity Rate (2008-09) $13.07 $/MCF
Flint & GCDC-WWS Commodity Rate (2009-10) $14.32 $/MCF

Capital Cost Recovery:
Flint & GCDC share of Capital Cost Recovery 8.52%
Revenue Requirement (Initial Year) $6.71 per $100
Depreciation Period 66.67 years
Annual Depreciation Expense (Suburban Wholesale) $1.27 per $100
Rate of Return 6.40%
Suburban Wholesale Customers Allocation Base 85%

Cost of Water:

Flint-GCDC Flint-GCDC

Allocation
of DWSD

Investment

Annual
Depreciation

Expense
Return on
Rate Base

Annual Revenue
Requirement

Revenue 
Required 
per $100 

Investment
Annual

Requirement

Allocation
of DWSD

Investment

Annual
Depreciation

Expense
Return on
Rate Base

Annual 
Revenue

Requirement

Revenue 
Required 
per $100 

Investment

Annual
Requireme

nt ($/MCF) ($)
2009 $13.07 1,461,952 $874,618,000 $743,425,300 $11,107,649 $47,579,219 $58,686,868 $6.71 $5,000,121 $5,000,121 $3.42 $16.49 $24,107,832
2010 $14.32 1,461,952 $863,510,351 $733,983,799 $11,107,649 $46,974,963 $58,082,612 $6.64 $4,948,639 $4,948,639 $3.38 $17.70 $25,883,789
2011 8.0% $15.47 1,471,711 $852,402,703 $724,542,297 $11,107,649 $46,370,707 $57,478,356 $6.57 $4,897,156 $4,897,156 $3.33 $18.79 $27,658,053
2012 8.0% $16.70 1,480,983 $841,295,054 $715,100,796 $11,107,649 $45,766,451 $56,874,100 $6.50 $4,845,673 $4,845,673 $3.27 $19.97 $29,582,301
2013 8.0% $18.04 1,490,254 $830,187,406 $705,659,295 $11,107,649 $45,162,195 $56,269,843 $6.43 $4,794,191 $4,794,191 $3.22 $21.26 $31,676,996
2014 8.0% $19.48 1,499,525 $819,079,757 $696,217,793 $11,107,649 $44,557,939 $55,665,587 $6.36 $4,742,708 $4,742,708 $3.16 $22.65 $33,956,765
2015 5.0% $20.46 1,508,836 $807,972,108 $686,776,292 $11,107,649 $43,953,683 $55,061,331 $6.30 $4,691,225 $4,691,225 $3.11 $23.57 $35,556,442
2016 5.0% $21.48 1,518,146 $796,864,460 $677,334,791 $11,107,649 $43,349,427 $54,457,075 $6.23 $4,639,743 $4,639,743 $3.06 $24.54 $37,248,200
2017 5.0% $22.55 1,527,457 $785,756,811 $667,893,290 $11,107,649 $42,745,171 $53,852,819 $6.16 $4,588,260 $4,588,260 $3.00 $25.56 $39,037,119
2018 5.0% $23.68 1,536,767 $774,649,163 $658,451,788 $11,107,649 $42,140,914 $53,248,563 $6.09 $4,536,778 $4,536,778 $2.95 $26.63 $40,928,557
2019 5.0% $24.86 1,546,078 $763,541,514 $649,010,287 $11,107,649 $41,536,658 $52,644,307 $6.02 $4,485,295 $4,485,295 $2.90 $27.77 $42,928,165
2020 5.0% $26.11 1,555,388 $752,433,865 $639,568,786 $11,107,649 $40,932,402 $52,040,051 $5.95 $4,433,812 $4,433,812 $2.85 $28.96 $45,041,903
2021 5.0% $27.41 1,564,698 $741,326,217 $630,127,284 $11,107,649 $40,328,146 $51,435,795 $5.88 $4,382,330 $4,382,330 $2.80 $30.21 $47,276,055
2022 5.0% $28.78 1,574,009 $730,218,568 $620,685,783 $11,107,649 $39,723,890 $50,831,539 $5.81 $4,330,847 $4,330,847 $2.75 $31.54 $49,637,251
2023 5.0% $30.22 1,583,319 $719,110,920 $611,244,282 $11,107,649 $39,119,634 $50,227,283 $5.74 $4,279,364 $497,336,000 $422,735,600 $6,316,167 $27,055,078 $33,371,246 $6.71 $2,843,230 $7,122,595 $4.50 $34.72 $54,975,711
2024 5.0% $31.73 1,592,630 $708,003,271 $601,802,780 $11,107,649 $38,515,378 $49,623,027 $5.67 $4,227,882 $491,019,833 $417,366,858 $6,316,167 $26,711,479 $33,027,646 $6.64 $2,813,955 $7,041,837 $4.42 $36.16 $57,583,071
2025 5.0% $33.32 1,601,940 $696,895,622 $592,361,279 $11,107,649 $37,911,122 $49,018,770 $5.60 $4,176,399 $484,703,666 $411,998,116 $6,316,167 $26,367,879 $32,684,047 $6.57 $2,784,681 $6,961,080 $4.35 $37.67 $60,339,609
2026 5.0% $34.99 1,611,251 $685,787,974 $582,919,778 $11,107,649 $37,306,866 $48,414,514 $5.54 $4,124,917 $478,387,498 $406,629,374 $6,316,167 $26,024,280 $32,340,447 $6.50 $2,755,406 $6,880,323 $4.27 $39.26 $63,253,525
2027 5.0% $36.74 1,620,561 $674,680,325 $573,478,276 $11,107,649 $36,702,610 $47,810,258 $5.47 $4,073,434 $472,071,331 $401,260,632 $6,316,167 $25,680,680 $31,996,848 $6.43 $2,726,131 $6,799,565 $4.20 $40.93 $66,333,461
2028 5.0% $38.57 1,629,871 $663,572,677 $564,036,775 $11,107,649 $36,098,354 $47,206,002 $5.40 $4,021,951 $465,755,164 $395,891,889 $6,316,167 $25,337,081 $31,653,248 $6.36 $2,696,857 $6,718,808 $4.12 $42.70 $69,588,534
2029 5.0% $40.50 1,639,182 $652,465,028 $554,595,274 $11,107,649 $35,494,098 $46,601,746 $5.33 $3,970,469 $459,438,997 $390,523,147 $6,316,167 $24,993,481 $31,309,649 $6.30 $2,667,582 $6,638,051 $4.05 $44.55 $73,028,354
2030 5.0% $42.53 1,648,492 $641,357,379 $545,153,772 $11,107,649 $34,889,841 $45,997,490 $5.26 $3,918,986 $453,122,830 $385,154,405 $6,316,167 $24,649,882 $30,966,049 $6.23 $2,638,307 $6,557,294 $3.98 $46.50 $76,663,059
2031 5.0% $44.65 1,657,803 $630,249,731 $535,712,271 $11,107,649 $34,285,585 $45,393,234 $5.19 $3,867,504 $446,806,662 $379,785,663 $6,316,167 $24,306,282 $30,622,450 $6.16 $2,609,033 $6,476,536 $3.91 $48.56 $80,503,333
2032 5.0% $46.89 1,667,113 $619,142,082 $526,270,770 $11,107,649 $33,681,329 $44,788,978 $5.12 $3,816,021 $440,490,495 $374,416,921 $6,316,167 $23,962,683 $30,278,850 $6.09 $2,579,758 $6,395,779 $3.84 $50.72 $84,560,447
2033 5.0% $49.23 1,676,424 $608,034,434 $516,829,269 $11,107,649 $33,077,073 $44,184,722 $5.05 $3,764,538 $434,174,328 $369,048,179 $6,316,167 $23,619,083 $29,935,251 $6.02 $2,550,483 $6,315,022 $3.77 $53.00 $88,846,281
2034 5.0% $51.69 1,685,734 $596,926,785 $507,387,767 $11,107,649 $32,472,817 $43,580,466 $4.98 $3,713,056 $427,858,161 $363,679,437 $6,316,167 $23,275,484 $29,591,651 $5.95 $2,521,209 $6,234,264 $3.70 $55.39 $93,373,362
2035 5.0% $54.28 1,695,044 $585,819,136 $497,946,266 $11,107,649 $31,868,561 $42,976,210 $4.91 $3,661,573 $421,541,994 $358,310,695 $6,316,167 $22,931,884 $29,248,052 $5.88 $2,491,934 $6,153,507 $3.63 $57.91 $98,154,898
2036 5.0% $56.99 1,704,355 $574,711,488 $488,504,765 $11,107,649 $31,264,305 $42,371,954 $4.84 $3,610,090 $415,225,826 $352,941,952 $6,316,167 $22,588,285 $28,904,452 $5.81 $2,462,659 $6,072,750 $3.56 $60.55 $103,204,817

Macomb Loop
Flint-GCDC Cost of Water

Capital Value
of DWSD

Investment

Suburban Wholesale Customers

Capital Value
of DWSD

Investment

Suburban Wholesale Customers

Total Capital Recovery

Project

Assumed 
Annual 

Rate 
Increase

DWSD 
Commodit
y ($/MCF)

Annual 
Consumption 

(MCF)

Flint Loop Transmission System and North Oakland Transmission System
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Table 18-5 Option 1 GLCUA: No Change 
Option 1 - GLCUA: No Change

Assumptions:

DWSD Capital Projects:  (DWSD September 25, 2008)

Estimated Cost
Construction 

Start
$572,200,000 2009
$245,200,000 2009
$464,800,000 2023
$15,150,000
$38,000,000
$23,450,000

$388,200,000

Const. Management Fee (assumed) 7.0%

DWSD Commodity Rates:
GLCUA Commodity Rate (2008-09) $14.84 $/MCF
GLCUA Commodity Rate (2009-10) $16.11 $/MCF

Capital Cost Recovery:
GLCUA share of Capital Cost Recovery 0.82%
Revenue Requirement (initial year) $6.71 per $100
Depreciation Period 66.67 years
Annual Depreciation Expense (Suburban Wholesale) $1.27 per $100
Rate of Return 6.40%
Suburban Wholesale Customers Allocation Base 85%

Cost of Water:

GLCUA Flint-GCDC

Allocation
of DWSD

Investment

Annual
Depreciation

Expense
Return on
Rate Base

Annual 
Revenue

Requirement

Revenue 
Required 
per $100 

Investment
Annual

Requirement

Allocation
of DWSD

Investment

Annual
Depreciation

Expense
Return on
Rate Base

Annual 
Revenue

Requirement

Revenue 
Required 
per $100 

Investment

Annual
Requireme

nt ($/MCF) ($)
2009 $14.84 73,195 $874,618,000 $743,425,300 $11,107,649 $47,579,219 $58,686,868 $6.71 $481,232 $481,232 $6.57 $21.41 $1,567,449
2010 $16.11 73,195 $863,510,351 $733,983,799 $11,107,649 $46,974,963 $58,082,612 $6.64 $476,277 $476,277 $6.51 $22.62 $1,655,452
2011 8.0% $17.40 85,882 $852,402,703 $724,542,297 $11,107,649 $46,370,707 $57,478,356 $6.57 $471,323 $471,323 $5.49 $22.89 $1,965,572
2012 8.0% $18.79 98,570 $841,295,054 $715,100,796 $11,107,649 $45,766,451 $56,874,100 $6.50 $466,368 $466,368 $4.73 $23.52 $2,318,558
2013 8.0% $20.29 111,257 $830,187,406 $705,659,295 $11,107,649 $45,162,195 $56,269,843 $6.43 $461,413 $461,413 $4.15 $24.44 $2,719,251
2014 8.0% $21.92 123,944 $819,079,757 $696,217,793 $11,107,649 $44,557,939 $55,665,587 $6.36 $456,458 $456,458 $3.68 $25.60 $3,172,994
2015 5.0% $23.01 136,572 $807,972,108 $686,776,292 $11,107,649 $43,953,683 $55,061,331 $6.30 $451,503 $451,503 $3.31 $26.32 $3,594,493
2016 5.0% $24.16 149,201 $796,864,460 $677,334,791 $11,107,649 $43,349,427 $54,457,075 $6.23 $446,548 $446,548 $2.99 $27.16 $4,051,845
2017 5.0% $25.37 161,830 $785,756,811 $667,893,290 $11,107,649 $42,745,171 $53,852,819 $6.16 $441,593 $441,593 $2.73 $28.10 $4,547,571
2018 5.0% $26.64 174,458 $774,649,163 $658,451,788 $11,107,649 $42,140,914 $53,248,563 $6.09 $436,638 $436,638 $2.50 $29.14 $5,084,352
2019 5.0% $27.97 187,087 $763,541,514 $649,010,287 $11,107,649 $41,536,658 $52,644,307 $6.02 $431,683 $431,683 $2.31 $30.28 $5,665,041
2020 5.0% $29.37 199,716 $752,433,865 $639,568,786 $11,107,649 $40,932,402 $52,040,051 $5.95 $426,728 $426,728 $2.14 $31.51 $6,292,676
2021 5.0% $30.84 212,344 $741,326,217 $630,127,284 $11,107,649 $40,328,146 $51,435,795 $5.88 $421,774 $421,774 $1.99 $32.83 $6,970,486
2022 5.0% $32.38 224,973 $730,218,568 $620,685,783 $11,107,649 $39,723,890 $50,831,539 $5.81 $416,819 $416,819 $1.85 $34.23 $7,701,907
2023 5.0% $34.00 237,601 $719,110,920 $611,244,282 $11,107,649 $39,119,634 $50,227,283 $5.74 $411,864 $497,336,000 $422,735,600 $6,316,167 $27,055,078 $33,371,246 $6.71 $273,644 $685,508 $2.89 $36.89 $8,764,239
2024 5.0% $35.70 250,230 $708,003,271 $601,802,780 $11,107,649 $38,515,378 $49,623,027 $5.67 $406,909 $491,019,833 $417,366,858 $6,316,167 $26,711,479 $33,027,646 $6.64 $270,827 $677,736 $2.71 $38.41 $9,611,260
2025 5.0% $37.49 262,859 $696,895,622 $592,361,279 $11,107,649 $37,911,122 $49,018,770 $5.60 $401,954 $484,703,666 $411,998,116 $6,316,167 $26,367,879 $32,684,047 $6.57 $268,009 $669,963 $2.55 $40.04 $10,523,564
2026 5.0% $39.36 275,487 $685,787,974 $582,919,778 $11,107,649 $37,306,866 $48,414,514 $5.54 $396,999 $478,387,498 $406,629,374 $6,316,167 $26,024,280 $32,340,447 $6.50 $265,192 $662,191 $2.40 $41.76 $11,505,542
2027 5.0% $41.33 288,116 $674,680,325 $573,478,276 $11,107,649 $36,702,610 $47,810,258 $5.47 $392,044 $472,071,331 $401,260,632 $6,316,167 $25,680,680 $31,996,848 $6.43 $262,374 $654,418 $2.27 $43.60 $12,561,861
2028 5.0% $43.40 300,744 $663,572,677 $564,036,775 $11,107,649 $36,098,354 $47,206,002 $5.40 $387,089 $465,755,164 $395,891,889 $6,316,167 $25,337,081 $31,653,248 $6.36 $259,557 $646,646 $2.15 $45.55 $13,697,480
2029 5.0% $45.56 313,373 $652,465,028 $554,595,274 $11,107,649 $35,494,098 $46,601,746 $5.33 $382,134 $459,438,997 $390,523,147 $6,316,167 $24,993,481 $31,309,649 $6.30 $256,739 $638,873 $2.04 $47.60 $14,917,670
2030 5.0% $47.84 326,002 $641,357,379 $545,153,772 $11,107,649 $34,889,841 $45,997,490 $5.26 $377,179 $453,122,830 $385,154,405 $6,316,167 $24,649,882 $30,966,049 $6.23 $253,922 $631,101 $1.94 $49.78 $16,228,030
2031 5.0% $50.24 338,630 $630,249,731 $535,712,271 $11,107,649 $34,285,585 $45,393,234 $5.19 $372,225 $446,806,662 $379,785,663 $6,316,167 $24,306,282 $30,622,450 $6.16 $251,104 $623,329 $1.84 $52.08 $17,634,505
2032 5.0% $52.75 351,259 $619,142,082 $526,270,770 $11,107,649 $33,681,329 $44,788,978 $5.12 $367,270 $440,490,495 $374,416,921 $6,316,167 $23,962,683 $30,278,850 $6.09 $248,287 $615,556 $1.75 $54.50 $19,143,413
2033 5.0% $55.38 363,887 $608,034,434 $516,829,269 $11,107,649 $33,077,073 $44,184,722 $5.05 $362,315 $434,174,328 $369,048,179 $6,316,167 $23,619,083 $29,935,251 $6.02 $245,469 $607,784 $1.67 $57.05 $20,761,461
2034 5.0% $58.15 376,516 $596,926,785 $507,387,767 $11,107,649 $32,472,817 $43,580,466 $4.98 $357,360 $427,858,161 $363,679,437 $6,316,167 $23,275,484 $29,591,651 $5.95 $242,652 $600,011 $1.59 $59.75 $22,495,772
2035 5.0% $61.06 389,145 $585,819,136 $497,946,266 $11,107,649 $31,868,561 $42,976,210 $4.91 $352,405 $421,541,994 $358,310,695 $6,316,167 $22,931,884 $29,248,052 $5.88 $239,834 $592,239 $1.52 $62.58 $24,353,906
2036 5.0% $64.11 401,773 $574,711,488 $488,504,765 $11,107,649 $31,264,305 $42,371,954 $4.84 $347,450 $415,225,826 $352,941,952 $6,316,167 $22,588,285 $28,904,452 $5.81 $237,017 $584,467 $1.45 $65.57 $26,343,892

   24 Mile Road Parallel Main
   Lake Huron WTP HS Pump Upgr.
   Second Feed - PH to Chesterfield

Project
Flint Loop Transmission System
NOTS
Macomb (includes the following:)
   Chesterfield Booster Pump Station

Capital Value
of DWSD

Investment

Suburban Wholesale Customers

Capital Value
of DWSD

Investment

Suburban Wholesale Customers

Total Capital Recovery

Assumed 
Annual 

Rate 
Increase

DWSD 
Commodity 

($/MCF)

Annual 
Consumption 

(MCF)

Flint Loop Transmission System and North Oakland Transmission System Macomb Loop
GLCUA Cost of Water
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Table 18-6 Option 2 - Flint & GCDC-WWS: 30 Year Contract, Rates Based on 5% Growth Over 2008 
Option 2 - Flint & GCDC-WWS: 30 Year Contract, Rates Based on 5% Growth Over 2008

Assumptions:

DWSD Capital Projects: (DWSD September 25, 2008)

Estimated Cost
Construction 

Start
$572,200,000 2009
$245,200,000 2009
$464,800,000 2023
$15,150,000
$38,000,000
$23,450,000

$388,200,000

7.0%

DWSD Commodity Rates:
$13.07 $/MCF
$12.71 $/MCF

Capital Cost Recovery:
7.69%
$6.71 per $100
66.67 years
$1.27 per $100

6.40%
85%

Cost of Water:

Flint-GCDC Flint-GCDC

Allocation
of DWSD

Investment

Annual
Depreciation

Expense
Return on
Rate Base

Annual 
Revenue

Requirement

Revenue 
Required per 

$100 
Investment

Annual
Requirement

Allocation
of DWSD

Investment

Annual
Depreciation

Expense
Return on
Rate Base

Annual 
Revenue

Requirement

Revenue 
Required per 

$100 
Investment

Annual
Requirement ($/MCF) ($)

2009 $13.07 1,461,952 $874,618,000 $743,425,300 $11,107,649 $47,579,219 $58,686,868 $6.71 $4,513,020 $4,513,020 $3.09 $16.16 $23,620,731
2010 $12.71 1,461,952 $863,510,351 $733,983,799 $11,107,649 $46,974,963 $58,082,612 $6.64 $4,466,553 $4,466,553 $3.06 $15.77 $23,047,961
2011 8.0% $13.73 1,471,711 $852,402,703 $724,542,297 $11,107,649 $46,370,707 $57,478,356 $6.57 $4,420,086 $4,420,086 $3.00 $16.73 $24,621,971
2012 8.0% $14.82 1,480,983 $841,295,054 $715,100,796 $11,107,649 $45,766,451 $56,874,100 $6.50 $4,373,618 $4,373,618 $2.95 $17.78 $26,329,103
2013 8.0% $16.01 1,490,254 $830,187,406 $705,659,295 $11,107,649 $45,162,195 $56,269,843 $6.43 $4,327,151 $4,327,151 $2.90 $18.91 $28,187,518
2014 8.0% $17.29 1,499,525 $819,079,757 $696,217,793 $11,107,649 $44,557,939 $55,665,587 $6.36 $4,280,684 $4,280,684 $2.85 $20.15 $30,210,199
2015 5.0% $18.16 1,508,836 $807,972,108 $686,776,292 $11,107,649 $43,953,683 $55,061,331 $6.30 $4,234,216 $4,234,216 $2.81 $20.96 $31,629,251
2016 5.0% $19.06 1,518,146 $796,864,460 $677,334,791 $11,107,649 $43,349,427 $54,457,075 $6.23 $4,187,749 $4,187,749 $2.76 $21.82 $33,130,032
2017 5.0% $20.02 1,527,457 $785,756,811 $667,893,290 $11,107,649 $42,745,171 $53,852,819 $6.16 $4,141,282 $4,141,282 $2.71 $22.73 $34,717,050
2018 5.0% $21.02 1,536,767 $774,649,163 $658,451,788 $11,107,649 $42,140,914 $53,248,563 $6.09 $4,094,814 $4,094,814 $2.66 $23.68 $36,395,060
2019 5.0% $22.07 1,546,078 $763,541,514 $649,010,287 $11,107,649 $41,536,658 $52,644,307 $6.02 $4,048,347 $4,048,347 $2.62 $24.69 $38,169,079
2020 5.0% $23.17 1,555,388 $752,433,865 $639,568,786 $11,107,649 $40,932,402 $52,040,051 $5.95 $4,001,880 $4,001,880 $2.57 $25.75 $40,044,396
2021 5.0% $24.33 1,564,698 $741,326,217 $630,127,284 $11,107,649 $40,328,146 $51,435,795 $5.88 $3,955,413 $3,955,413 $2.53 $26.86 $42,026,590
2022 5.0% $25.55 1,574,009 $730,218,568 $620,685,783 $11,107,649 $39,723,890 $50,831,539 $5.81 $3,908,945 $3,908,945 $2.48 $28.03 $44,121,543
2023 5.0% $26.83 1,583,319 $719,110,920 $611,244,282 $11,107,649 $39,119,634 $50,227,283 $5.74 $3,862,478 $497,336,000 $422,735,600 $6,316,167 $27,055,078 $33,371,246 $6.71 $2,566,249 $6,428,727 $4.06 $30.89 $48,901,709
2024 5.0% $28.17 1,592,630 $708,003,271 $601,802,780 $11,107,649 $38,515,378 $49,623,027 $5.67 $3,816,011 $491,019,833 $417,366,858 $6,316,167 $26,711,479 $33,027,646 $6.64 $2,539,826 $6,355,837 $3.99 $32.16 $51,214,711
2025 5.0% $29.57 1,601,940 $696,895,622 $592,361,279 $11,107,649 $37,911,122 $49,018,770 $5.60 $3,769,543 $484,703,666 $411,998,116 $6,316,167 $26,367,879 $32,684,047 $6.57 $2,513,403 $6,282,947 $3.92 $33.50 $53,660,119
2026 5.0% $31.05 1,611,251 $685,787,974 $582,919,778 $11,107,649 $37,306,866 $48,414,514 $5.54 $3,723,076 $478,387,498 $406,629,374 $6,316,167 $26,024,280 $32,340,447 $6.50 $2,486,980 $6,210,057 $3.85 $34.91 $56,245,210
2027 5.0% $32.61 1,620,561 $674,680,325 $573,478,276 $11,107,649 $36,702,610 $47,810,258 $5.47 $3,676,609 $472,071,331 $401,260,632 $6,316,167 $25,680,680 $31,996,848 $6.43 $2,460,558 $6,137,166 $3.79 $36.39 $58,977,656
2028 5.0% $34.24 1,629,871 $663,572,677 $564,036,775 $11,107,649 $36,098,354 $47,206,002 $5.40 $3,630,142 $465,755,164 $395,891,889 $6,316,167 $25,337,081 $31,653,248 $6.36 $2,434,135 $6,064,276 $3.72 $37.96 $61,865,548
2029 5.0% $35.95 1,639,182 $652,465,028 $554,595,274 $11,107,649 $35,494,098 $46,601,746 $5.33 $3,583,674 $459,438,997 $390,523,147 $6,316,167 $24,993,481 $31,309,649 $6.30 $2,407,712 $5,991,386 $3.66 $39.60 $64,917,417
2030 5.0% $37.75 1,648,492 $641,357,379 $545,153,772 $11,107,649 $34,889,841 $45,997,490 $5.26 $3,537,207 $453,122,830 $385,154,405 $6,316,167 $24,649,882 $30,966,049 $6.23 $2,381,289 $5,918,496 $3.59 $41.34 $68,142,258
2031 5.0% $39.63 1,657,803 $630,249,731 $535,712,271 $11,107,649 $34,285,585 $45,393,234 $5.19 $3,490,740 $446,806,662 $379,785,663 $6,316,167 $24,306,282 $30,622,450 $6.16 $2,354,866 $5,845,606 $3.53 $43.16 $71,549,558
2032 5.0% $41.61 1,667,113 $619,142,082 $526,270,770 $11,107,649 $33,681,329 $44,788,978 $5.12 $3,444,272 $440,490,495 $374,416,921 $6,316,167 $23,962,683 $30,278,850 $6.09 $2,328,444 $5,772,716 $3.46 $45.08 $75,149,317
2033 5.0% $43.70 1,676,424 $608,034,434 $516,829,269 $11,107,649 $33,077,073 $44,184,722 $5.05 $3,397,805 $434,174,328 $369,048,179 $6,316,167 $23,619,083 $29,935,251 $6.02 $2,302,021 $5,699,826 $3.40 $47.10 $78,952,082
2034 5.0% $45.88 1,685,734 $596,926,785 $507,387,767 $11,107,649 $32,472,817 $43,580,466 $4.98 $3,351,338 $427,858,161 $363,679,437 $6,316,167 $23,275,484 $29,591,651 $5.95 $2,275,598 $5,626,936 $3.34 $49.22 $82,968,970
2035 5.0% $48.17 1,695,044 $585,819,136 $497,946,266 $11,107,649 $31,868,561 $42,976,210 $4.91 $3,304,871 $421,541,994 $358,310,695 $6,316,167 $22,931,884 $29,248,052 $5.88 $2,249,175 $5,554,046 $3.28 $51.45 $87,211,705
2036 5.0% $50.58 1,704,355 $574,711,488 $488,504,765 $11,107,649 $31,264,305 $42,371,954 $4.84 $3,258,403 $415,225,826 $352,941,952 $6,316,167 $22,588,285 $28,904,452 $5.81 $2,222,752 $5,481,156 $3.22 $53.80 $91,692,648

Suburban Wholesale Customers Allocation Base

Const. Management Fee (assumed)

Flint & GCDC share of Capital Cost Recovery
Revenue Requirement (Initial Year)
Depreciation Period
Annual Depreciation Expense (Suburban Wholesale)
Rate of Return

   24 Mile Road Parallel Main
   Lake Huron WTP HS Pump Upgr.
   Second Feed - PH to Chesterfield

Flint & GCDC-WWS Commodity Rate (2008-09)
Flint & GCDC-WWS Commodity Rate (2009-10)

Project
Flint Loop Transmission System
NOTS
Macomb (includes the following:)
   Chesterfield Booster Pump Station

Capital Value
of DWSD

Investment

Suburban Wholesale Customers

Capital Value
of DWSD

Investment

Suburban Wholesale Customers

Total Capital Recovery

Assumed 
Annual 

Rate 
Increase

DWSD 
Commodity 

($/MCF)

Annual 
Consumptio

n (MCF)

Flint Loop Transmission System and North Oakland Transmission System Macomb Loop
Flint-GCDC Cost of Water



Lake Huron Water Supply Study Appendix 18 – Continued Supply from DWSD 

 Page 7 
 09/24/09 

Table 18-7 Option 2 - GLCUA: 30 Year Contract Based on 5% Growth Over 2008 
Option 2 - GLCUA: 30 Year Contract Based on 5% Growth Over 2008

Assumptions:

DWSD Capital Projects:  (DWSD September 25, 2008)
Estimated 

Cost
Construction 

Start
$572,200,000 2009
$245,200,000 2009
$464,800,000 2023
$15,150,000
$38,000,000
$23,450,000

$388,200,000

7.0%

DWSD Commodity Rates:
GLCUA Commodity Rate (2008-09) $14.84 $/MCF
GLCUA Commodity Rate (2009-10) $14.16 $/MCF

Capital Cost Recovery:
0.73%

Revenue Requirement (initial year) $6.71 per $100
Depreciation Period 66.67 years
Annual Depreciation Expense (Suburban Wholesale) $1.27 per $100
Rate of Return 6.40%
Suburban Wholesale Customers Allocation Base 85%

Cost of Water:

GLCUA Flint-GCDC

Allocation
of DWSD

Investment

Annual
Depreciation

Expense
Return on
Rate Base

Annual 
Revenue

Requirement

Revenue 
Required per 

$100 
Investment

Annual
Requirement

Allocation
of DWSD

Investment

Annual
Depreciation

Expense
Return on
Rate Base

Annual 
Revenue

Requirement

Revenue 
Required 
per $100 

Investment
Annual

Requirement ($/MCF) ($)
2009 $14.84 73,195 $874,618,000 $743,425,300 $11,107,649 $47,579,219 $58,686,868 $6.71 $428,414 $428,414 $5.85 $20.69 $1,514,631
2010 $14.16 73,195 $863,510,351 $733,983,799 $11,107,649 $46,974,963 $58,082,612 $6.64 $424,003 $424,003 $5.79 $19.95 $1,460,447
2011 8.0% $15.29 85,882 $852,402,703 $724,542,297 $11,107,649 $46,370,707 $57,478,356 $6.57 $419,592 $419,592 $4.89 $20.18 $1,732,974
2012 8.0% $16.52 98,570 $841,295,054 $715,100,796 $11,107,649 $45,766,451 $56,874,100 $6.50 $415,181 $415,181 $4.21 $20.73 $2,043,177
2013 8.0% $17.84 111,257 $830,187,406 $705,659,295 $11,107,649 $45,162,195 $56,269,843 $6.43 $410,770 $410,770 $3.69 $21.53 $2,395,313
2014 8.0% $19.26 123,944 $819,079,757 $696,217,793 $11,107,649 $44,557,939 $55,665,587 $6.36 $406,359 $406,359 $3.28 $22.54 $2,794,078
2015 5.0% $20.23 136,572 $807,972,108 $686,776,292 $11,107,649 $43,953,683 $55,061,331 $6.30 $401,948 $401,948 $2.94 $23.17 $3,164,501
2016 5.0% $21.24 149,201 $796,864,460 $677,334,791 $11,107,649 $43,349,427 $54,457,075 $6.23 $397,537 $397,537 $2.66 $23.90 $3,566,439
2017 5.0% $22.30 161,830 $785,756,811 $667,893,290 $11,107,649 $42,745,171 $53,852,819 $6.16 $393,126 $393,126 $2.43 $24.73 $4,002,105
2018 5.0% $23.42 174,458 $774,649,163 $658,451,788 $11,107,649 $42,140,914 $53,248,563 $6.09 $388,715 $388,715 $2.23 $25.64 $4,473,856
2019 5.0% $24.59 187,087 $763,541,514 $649,010,287 $11,107,649 $41,536,658 $52,644,307 $6.02 $384,303 $384,303 $2.05 $26.64 $4,984,201
2020 5.0% $25.82 199,716 $752,433,865 $639,568,786 $11,107,649 $40,932,402 $52,040,051 $5.95 $379,892 $379,892 $1.90 $27.72 $5,535,809
2021 5.0% $27.11 212,344 $741,326,217 $630,127,284 $11,107,649 $40,328,146 $51,435,795 $5.88 $375,481 $375,481 $1.77 $28.88 $6,131,519
2022 5.0% $28.46 224,973 $730,218,568 $620,685,783 $11,107,649 $39,723,890 $50,831,539 $5.81 $371,070 $371,070 $1.65 $30.11 $6,774,351
2023 5.0% $29.89 237,601 $719,110,920 $611,244,282 $11,107,649 $39,119,634 $50,227,283 $5.74 $366,659 $497,336,000 $422,735,600 $6,316,167 $27,055,078 $33,371,246 $6.71 $243,610 $610,269 $2.57 $32.45 $7,711,128
2024 5.0% $31.38 250,230 $708,003,271 $601,802,780 $11,107,649 $38,515,378 $49,623,027 $5.67 $362,248 $491,019,833 $417,366,858 $6,316,167 $26,711,479 $33,027,646 $6.64 $241,102 $603,350 $2.41 $33.79 $8,455,535
2025 5.0% $32.95 262,859 $696,895,622 $592,361,279 $11,107,649 $37,911,122 $49,018,770 $5.60 $357,837 $484,703,666 $411,998,116 $6,316,167 $26,367,879 $32,684,047 $6.57 $238,594 $596,431 $2.27 $35.22 $9,257,324
2026 5.0% $34.60 275,487 $685,787,974 $582,919,778 $11,107,649 $37,306,866 $48,414,514 $5.54 $353,426 $478,387,498 $406,629,374 $6,316,167 $26,024,280 $32,340,447 $6.50 $236,085 $589,511 $2.14 $36.74 $10,120,352
2027 5.0% $36.33 288,116 $674,680,325 $573,478,276 $11,107,649 $36,702,610 $47,810,258 $5.47 $349,015 $472,071,331 $401,260,632 $6,316,167 $25,680,680 $31,996,848 $6.43 $233,577 $582,592 $2.02 $38.35 $11,048,724
2028 5.0% $38.14 300,744 $663,572,677 $564,036,775 $11,107,649 $36,098,354 $47,206,002 $5.40 $344,604 $465,755,164 $395,891,889 $6,316,167 $25,337,081 $31,653,248 $6.36 $231,069 $575,673 $1.91 $40.06 $12,046,797
2029 5.0% $40.05 313,373 $652,465,028 $554,595,274 $11,107,649 $35,494,098 $46,601,746 $5.33 $340,193 $459,438,997 $390,523,147 $6,316,167 $24,993,481 $31,309,649 $6.30 $228,560 $568,753 $1.81 $41.86 $13,119,204
2030 5.0% $42.05 326,002 $641,357,379 $545,153,772 $11,107,649 $34,889,841 $45,997,490 $5.26 $335,782 $453,122,830 $385,154,405 $6,316,167 $24,649,882 $30,966,049 $6.23 $226,052 $561,834 $1.72 $43.78 $14,270,866
2031 5.0% $44.15 338,630 $630,249,731 $535,712,271 $11,107,649 $34,285,585 $45,393,234 $5.19 $331,371 $446,806,662 $379,785,663 $6,316,167 $24,306,282 $30,622,450 $6.16 $223,544 $554,914 $1.64 $45.79 $15,507,010
2032 5.0% $46.36 351,259 $619,142,082 $526,270,770 $11,107,649 $33,681,329 $44,788,978 $5.12 $326,960 $440,490,495 $374,416,921 $6,316,167 $23,962,683 $30,278,850 $6.09 $221,036 $547,995 $1.56 $47.92 $16,833,188
2033 5.0% $48.68 363,887 $608,034,434 $516,829,269 $11,107,649 $33,077,073 $44,184,722 $5.05 $322,548 $434,174,328 $369,048,179 $6,316,167 $23,619,083 $29,935,251 $6.02 $218,527 $541,076 $1.49 $50.17 $18,255,295
2034 5.0% $51.11 376,516 $596,926,785 $507,387,767 $11,107,649 $32,472,817 $43,580,466 $4.98 $318,137 $427,858,161 $363,679,437 $6,316,167 $23,275,484 $29,591,651 $5.95 $216,019 $534,156 $1.42 $52.53 $19,779,592
2035 5.0% $53.67 389,145 $585,819,136 $497,946,266 $11,107,649 $31,868,561 $42,976,210 $4.91 $313,726 $421,541,994 $358,310,695 $6,316,167 $22,931,884 $29,248,052 $5.88 $213,511 $527,237 $1.35 $55.03 $21,412,725
2036 5.0% $56.35 401,773 $574,711,488 $488,504,765 $11,107,649 $31,264,305 $42,371,954 $4.84 $309,315 $415,225,826 $352,941,952 $6,316,167 $22,588,285 $28,904,452 $5.81 $211,003 $520,318 $1.30 $57.65 $23,161,749

   24 Mile Road Parallel Main
   Lake Huron WTP HS Pump Upgr.
   Second Feed - PH to Chesterfield

Const. Management Fee (assumed)

GLCUA share of Capital Cost Recovery

Project
Flint Loop Transmission System
NOTS
Macomb
   Chesterfield Booster Pump Station

Capital Value
of DWSD

Investment

Suburban Wholesale Customers

Capital Value
of DWSD

Investment

Suburban Wholesale Customers

Total Capital Recovery

Assumed 
Annual 

Rate 
Increase

DWSD 
Commodity 

($/MCF)

Annual 
Consumptio

n (MCF)

Flint Loop Transmission System and North Oakland Transmission System Macomb Loop
GLCUA Cost of Water
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18.4.3 Option 3 – Master Agreement (Future Demands) 

This scenario is based on the assumption that Flint, GCDC-WWS, and GLCUA execute the 
new master agreement with DWSD for water supply.  It is assumed that the agreement 
establishes the future demands from Appendix 1 for establishing water rates. 
 
Table 18-9 shows the 2009-10 rates, key variables used in the DWSD rate model, and the 
required rate of capital recovery used to determine the cost of water for this option. 

 
Table 18-8 Factors Used to Determine Cost of Water for Option 3 

2009-10 
Rate 

($/MCF) 
Distance 
Factor 

Distance-
Elevation 

Factor 

% Peak
Hour 

Distance 

Capital Recovery 
Requirement 
($ / $100M) 

Projected
2036 Rate 
($ / MCF) 

Flint & GCDC-WWS $14.13 52.0 76.2 9.91% $665,000 $60.38

GLCUA $14.50 47.3 70.1 2.58% $173,118 $62.28
 

Table 18-10 shows the projected cost of water for Flint and GCDC-WWS and Table 18-11 
shows the projected cost of water for GLCUA. 

18.4.4 Option 4 – Master Agreement (Capital Contribution) 

DWSD officials have indicated that Flint, GCDC-WWS, and GLCUA could realize reduced 
rates through a partnering arrangement.  In this scenario, Flint, GCDC-WWS, and GLCUA 
would execute the new master agreement and would be responsible for the construction and 
operation of a portion of the transmission facilities upgrades planned by DWSD.  Under this 
option, the distance and elevation factors used for establishing rates can be reduced.  
However, the cost for constructing and operating a portion of the proposed DWSD facilities 
must be added to the purchase price of water to determine the total cost of water. 
 
Specific details of such a partnering arrangement have not be discussed in detail or agreed 
upon.  To evaluate this option, it is assumed that Flint, GCDC-WWS, and GLCUA construct 
and operate that portion of the planned Flint Loop Transmission System (FTS) which are 
located in Genesee County.  Table 18-12 summarizes the FTS facilities planned for Genesee 
County. 

 
Table 18-12 Flint Loop Transmission System Facilities Planned Within Genesee County 

Facilities Cost 
North Transmission CM-2018 $266,000,000* 
30 Inch Main CM-2019 $9,500,000* 
Grand Blanc Pumping Station $48,000,000* 
Subtotal $323,500,000 
Construction Management (7%) $22,645,000 
Total Project Cost $346,145,000 

*Source: December 2008 DWSD Summary of Construction Cost, Flint 
Transmission System CS-1486 

 
The proposed facilities to be constructed by Flint, GCDC-WWS, and GLCUA include the 
Grand Blanc Pumping Station.  It is assumed that Flint, GCDC-WWS, and GLCUA will be 
responsible for the ongoing operation and maintenance of the pumping station.  For this 
analysis, an average pumping rate of 25 mgd is assumed throughout the study period. 
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Table 18-9 Option 3 - Flint & GCDC-WWS:  30 Year Contract Based on KWA Demands 
Option 3 - Flint & GCDC-WWS: 30 Year Contract Based on KWA Demands

Assumptions:

DWSD Capital Projects:  (DWSD September 25, 2008)
Estimated Cost Construction Start

Flint Loop Transmission System $572,200,000 2009
NOTS $245,200,000 2009
Macomb (includes the following:) $464,800,000 2023
   Chesterfield Booster Pump Station $15,150,000
   24 Mile Road Parallel Main $38,000,000
   Lake Huron WTP HS Pump Upgr. $23,450,000
   Second Feed - PH to Chesterfield $388,200,000

Const. Management Fee (assumed) 7.0%

DWSD Commodity Rates:
Flint & GCDC-WWS Commodity Rate (2008-09) $13.07 $/MCF
Flint & GCDC-WWS Commodity Rate (2009-10) $14.13 $/MCF

Capital Cost Recovery:
Flint & GCDC share of Capital Cost Recovery 9.91%
Revenue Requirement (initial year) $6.71 per $100
Depreciation Period 66.67 years
Annual Depreciation Expense (Suburban Wholesale) $1.27 per $100
Rate of Return 6.40%
Suburban Wholesale Customers Allocation Base 85%

Cost of Water:

Flint-GCDC Flint-GCDC

Allocation
of DWSD

Investment

Annual
Depreciation

Expense
Return on
Rate Base

Annual 
Revenue

Requirement

Revenue 
Required 
per $100 

Investment
Annual

Requirement

Allocation
of DWSD

Investment

Annual
Depreciatio

n
Expense

Return on
Rate Base

Annual 
Revenue

Requirement

Revenue 
Required 
per $100 

Investment

Annual
Requireme

nt ($/MCF) ($)
2009 $13.07 1,461,952 $874,618,000 $743,425,300 $11,107,649 $47,579,219 $58,686,868 $6.71 $5,815,869 $5,815,869 $3.98 $17.05 $24,923,580
2010 $14.13 1,461,952 $863,510,351 $733,983,799 $11,107,649 $46,974,963 $58,082,612 $6.64 $5,755,987 $5,755,987 $3.94 $18.07 $26,413,367
2011 8.0% $15.26 1,471,711 $852,402,703 $724,542,297 $11,107,649 $46,370,707 $57,478,356 $6.57 $5,696,105 $5,696,105 $3.87 $19.13 $28,155,007
2012 8.0% $16.48 1,480,983 $841,295,054 $715,100,796 $11,107,649 $45,766,451 $56,874,100 $6.50 $5,636,223 $5,636,223 $3.81 $20.29 $30,044,641
2013 8.0% $17.80 1,490,254 $830,187,406 $705,659,295 $11,107,649 $45,162,195 $56,269,843 $6.43 $5,576,341 $5,576,341 $3.74 $21.54 $32,102,461
2014 8.0% $19.22 1,499,525 $819,079,757 $696,217,793 $11,107,649 $44,557,939 $55,665,587 $6.36 $5,516,460 $5,516,460 $3.68 $22.90 $34,342,900
2015 5.0% $20.18 1,508,836 $807,972,108 $686,776,292 $11,107,649 $43,953,683 $55,061,331 $6.30 $5,456,578 $5,456,578 $3.62 $23.80 $35,912,270
2016 5.0% $21.19 1,518,146 $796,864,460 $677,334,791 $11,107,649 $43,349,427 $54,457,075 $6.23 $5,396,696 $5,396,696 $3.55 $24.75 $37,572,499
2017 5.0% $22.25 1,527,457 $785,756,811 $667,893,290 $11,107,649 $42,745,171 $53,852,819 $6.16 $5,336,814 $5,336,814 $3.49 $25.75 $39,328,600
2018 5.0% $23.37 1,536,767 $774,649,163 $658,451,788 $11,107,649 $42,140,914 $53,248,563 $6.09 $5,276,933 $5,276,933 $3.43 $26.80 $41,185,860
2019 5.0% $24.53 1,546,078 $763,541,514 $649,010,287 $11,107,649 $41,536,658 $52,644,307 $6.02 $5,217,051 $5,217,051 $3.37 $27.91 $43,149,855
2020 5.0% $25.76 1,555,388 $752,433,865 $639,568,786 $11,107,649 $40,932,402 $52,040,051 $5.95 $5,157,169 $5,157,169 $3.32 $29.08 $45,226,465
2021 5.0% $27.05 1,564,698 $741,326,217 $630,127,284 $11,107,649 $40,328,146 $51,435,795 $5.88 $5,097,287 $5,097,287 $3.26 $30.31 $47,421,892
2022 5.0% $28.40 1,574,009 $730,218,568 $620,685,783 $11,107,649 $39,723,890 $50,831,539 $5.81 $5,037,405 $5,037,405 $3.20 $31.60 $49,742,677
2023 5.0% $29.82 1,583,319 $719,110,920 $611,244,282 $11,107,649 $39,119,634 $50,227,283 $5.74 $4,977,524 $497,336,000 $422,735,600 $6,316,167 $27,055,078 $33,371,246 $6.71 $3,307,090 $8,284,614 $5.23 $35.05 $55,502,808
2024 5.0% $31.31 1,592,630 $708,003,271 $601,802,780 $11,107,649 $38,515,378 $49,623,027 $5.67 $4,917,642 $491,019,833 $417,366,858 $6,316,167 $26,711,479 $33,027,646 $6.64 $3,273,040 $8,190,682 $5.14 $36.46 $58,061,326
2025 5.0% $32.88 1,601,940 $696,895,622 $592,361,279 $11,107,649 $37,911,122 $49,018,770 $5.60 $4,857,760 $484,703,666 $411,998,116 $6,316,167 $26,367,879 $32,684,047 $6.57 $3,238,989 $8,096,749 $5.05 $37.93 $60,767,044
2026 5.0% $34.52 1,611,251 $685,787,974 $582,919,778 $11,107,649 $37,306,866 $48,414,514 $5.54 $4,797,878 $478,387,498 $406,629,374 $6,316,167 $26,024,280 $32,340,447 $6.50 $3,204,938 $8,002,817 $4.97 $39.49 $63,628,050
2027 5.0% $36.25 1,620,561 $674,680,325 $573,478,276 $11,107,649 $36,702,610 $47,810,258 $5.47 $4,737,997 $472,071,331 $401,260,632 $6,316,167 $25,680,680 $31,996,848 $6.43 $3,170,888 $7,908,884 $4.88 $41.13 $66,652,875
2028 5.0% $38.06 1,629,871 $663,572,677 $564,036,775 $11,107,649 $36,098,354 $47,206,002 $5.40 $4,678,115 $465,755,164 $395,891,889 $6,316,167 $25,337,081 $31,653,248 $6.36 $3,136,837 $7,814,952 $4.79 $42.86 $69,850,512
2029 5.0% $39.96 1,639,182 $652,465,028 $554,595,274 $11,107,649 $35,494,098 $46,601,746 $5.33 $4,618,233 $459,438,997 $390,523,147 $6,316,167 $24,993,481 $31,309,649 $6.30 $3,102,786 $7,721,019 $4.71 $44.67 $73,230,446
2030 5.0% $41.96 1,648,492 $641,357,379 $545,153,772 $11,107,649 $34,889,841 $45,997,490 $5.26 $4,558,351 $453,122,830 $385,154,405 $6,316,167 $24,649,882 $30,966,049 $6.23 $3,068,735 $7,627,087 $4.63 $46.59 $76,802,678
2031 5.0% $44.06 1,657,803 $630,249,731 $535,712,271 $11,107,649 $34,285,585 $45,393,234 $5.19 $4,498,469 $446,806,662 $379,785,663 $6,316,167 $24,306,282 $30,622,450 $6.16 $3,034,685 $7,533,154 $4.54 $48.61 $80,577,752
2032 5.0% $46.26 1,667,113 $619,142,082 $526,270,770 $11,107,649 $33,681,329 $44,788,978 $5.12 $4,438,588 $440,490,495 $374,416,921 $6,316,167 $23,962,683 $30,278,850 $6.09 $3,000,634 $7,439,222 $4.46 $50.73 $84,566,789
2033 5.0% $48.58 1,676,424 $608,034,434 $516,829,269 $11,107,649 $33,077,073 $44,184,722 $5.05 $4,378,706 $434,174,328 $369,048,179 $6,316,167 $23,619,083 $29,935,251 $6.02 $2,966,583 $7,345,289 $4.38 $52.96 $88,781,511
2034 5.0% $51.01 1,685,734 $596,926,785 $507,387,767 $11,107,649 $32,472,817 $43,580,466 $4.98 $4,318,824 $427,858,161 $363,679,437 $6,316,167 $23,275,484 $29,591,651 $5.95 $2,932,533 $7,251,357 $4.30 $55.31 $93,234,279
2035 5.0% $53.56 1,695,044 $585,819,136 $497,946,266 $11,107,649 $31,868,561 $42,976,210 $4.91 $4,258,942 $421,541,994 $358,310,695 $6,316,167 $22,931,884 $29,248,052 $5.88 $2,898,482 $7,157,424 $4.22 $57.78 $97,938,127
2036 5.0% $56.23 1,704,355 $574,711,488 $488,504,765 $11,107,649 $31,264,305 $42,371,954 $4.84 $4,199,061 $415,225,826 $352,941,952 $6,316,167 $22,588,285 $28,904,452 $5.81 $2,864,431 $7,063,492 $4.14 $60.38 $102,906,795

Capital Value
of DWSD

Investment

Suburban Wholesale Customers

Capital Value
of DWSD

Investment

Suburban Wholesale Customers

Total Capital Recovery

Project

Assumed 
Annual 

Rate 
Increase

DWSD 
Commodity 

($/MCF)

Annual 
Consumption 

(MCF)

Flint Loop Transmission System and North Oakland Transmission System Macomb Loop
Flint-GCDC Cost of Water
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Table 18-10 Option 3 - GLCUA: 30 Year Contract, Rates Based on KWA Demands 
Option 3 - GLCUA: 30 Year Contract, Rates Based on KWA Demands

Assumptions:

DWSD Capital Projects:  (DWSD September 25, 2008)
Estimated 

Cost
Construction 

Start
$572,200,000 2009
$245,200,000 2009
$464,800,000 2023
$15,150,000
$38,000,000
$23,450,000

$388,200,000

7.0%

DWSD Commodity Rates:
GLCUA Commodity Rate (2008-09) $14.84 $/MCF
GLCUA Commodity Rate (2009-10) $14.50 $/MCF

Capital Cost Recovery:
GLCUA share of Capital Cost Recovery 2.58%
Revenue Requirement (initial year) $6.71 per $100
Depreciation Period 66.67 years
Annual Depreciation Expense (Suburban Wholesale) $1.27 per $100
Rate of Return 6.40%
Suburban Wholesale Customers Allocation Base 85%

Cost of Water:

GLCUA Flint-GCDC

Allocation
of DWSD

Investment

Annual
Depreciation

Expense
Return on
Rate Base

Annual 
Revenue

Requirement

Revenue 
Required 
per $100 

Investment
Annual

Requirement

Allocation
of DWSD

Investment

Annual
Depreciation

Expense
Return on
Rate Base

Annual 
Revenue

Requirement

Revenue 
Required 
per $100 

Investment
Annual

Requirement ($/MCF) ($)
2009 $14.84 73,195 $874,618,000 $743,425,300 $11,107,649 $47,579,219 $58,686,868 $6.71 $1,514,121 $1,514,121 $20.69 $35.53 $2,600,338
2010 $14.50 73,195 $863,510,351 $733,983,799 $11,107,649 $46,974,963 $58,082,612 $6.64 $1,498,531 $1,498,531 $20.47 $34.97 $2,559,862
2011 8.0% $15.66 85,882 $852,402,703 $724,542,297 $11,107,649 $46,370,707 $57,478,356 $6.57 $1,482,942 $1,482,942 $17.27 $32.93 $2,827,859
2012 8.0% $16.91 98,570 $841,295,054 $715,100,796 $11,107,649 $45,766,451 $56,874,100 $6.50 $1,467,352 $1,467,352 $14.89 $31.80 $3,134,438
2013 8.0% $18.27 111,257 $830,187,406 $705,659,295 $11,107,649 $45,162,195 $56,269,843 $6.43 $1,451,762 $1,451,762 $13.05 $31.31 $3,483,957
2014 8.0% $19.73 123,944 $819,079,757 $696,217,793 $11,107,649 $44,557,939 $55,665,587 $6.36 $1,436,172 $1,436,172 $11.59 $31.31 $3,881,224
2015 5.0% $20.71 136,572 $807,972,108 $686,776,292 $11,107,649 $43,953,683 $55,061,331 $6.30 $1,420,582 $1,420,582 $10.40 $31.12 $4,249,468
2016 5.0% $21.75 149,201 $796,864,460 $677,334,791 $11,107,649 $43,349,427 $54,457,075 $6.23 $1,404,993 $1,404,993 $9.42 $31.17 $4,649,984
2017 5.0% $22.84 161,830 $785,756,811 $667,893,290 $11,107,649 $42,745,171 $53,852,819 $6.16 $1,389,403 $1,389,403 $8.59 $31.42 $5,085,038
2018 5.0% $23.98 174,458 $774,649,163 $658,451,788 $11,107,649 $42,140,914 $53,248,563 $6.09 $1,373,813 $1,373,813 $7.87 $31.85 $5,557,044
2019 5.0% $25.18 187,087 $763,541,514 $649,010,287 $11,107,649 $41,536,658 $52,644,307 $6.02 $1,358,223 $1,358,223 $7.26 $32.44 $6,068,570
2020 5.0% $26.44 199,716 $752,433,865 $639,568,786 $11,107,649 $40,932,402 $52,040,051 $5.95 $1,342,633 $1,342,633 $6.72 $33.16 $6,622,350
2021 5.0% $27.76 212,344 $741,326,217 $630,127,284 $11,107,649 $40,328,146 $51,435,795 $5.88 $1,327,044 $1,327,044 $6.25 $34.01 $7,221,291
2022 5.0% $29.15 224,973 $730,218,568 $620,685,783 $11,107,649 $39,723,890 $50,831,539 $5.81 $1,311,454 $1,311,454 $5.83 $34.98 $7,868,485
2023 5.0% $30.60 237,601 $719,110,920 $611,244,282 $11,107,649 $39,119,634 $50,227,283 $5.74 $1,295,864 $497,336,000 $422,735,600 $6,316,167 $27,055,078 $33,371,246 $6.71 $860,978 $2,156,842 $9.08 $39.68 $9,428,201
2024 5.0% $32.13 250,230 $708,003,271 $601,802,780 $11,107,649 $38,515,378 $49,623,027 $5.67 $1,280,274 $491,019,833 $417,366,858 $6,316,167 $26,711,479 $33,027,646 $6.64 $852,113 $2,132,387 $8.52 $40.66 $10,173,114
2025 5.0% $33.74 262,859 $696,895,622 $592,361,279 $11,107,649 $37,911,122 $49,018,770 $5.60 $1,264,684 $484,703,666 $411,998,116 $6,316,167 $26,367,879 $32,684,047 $6.57 $843,248 $2,107,933 $8.02 $41.76 $10,976,785
2026 5.0% $35.43 275,487 $685,787,974 $582,919,778 $11,107,649 $37,306,866 $48,414,514 $5.54 $1,249,094 $478,387,498 $406,629,374 $6,316,167 $26,024,280 $32,340,447 $6.50 $834,384 $2,083,478 $7.56 $42.99 $11,843,167
2027 5.0% $37.20 288,116 $674,680,325 $573,478,276 $11,107,649 $36,702,610 $47,810,258 $5.47 $1,233,505 $472,071,331 $401,260,632 $6,316,167 $25,680,680 $31,996,848 $6.43 $825,519 $2,059,023 $7.15 $44.34 $12,776,461
2028 5.0% $39.06 300,744 $663,572,677 $564,036,775 $11,107,649 $36,098,354 $47,206,002 $5.40 $1,217,915 $465,755,164 $395,891,889 $6,316,167 $25,337,081 $31,653,248 $6.36 $816,654 $2,034,569 $6.77 $45.82 $13,781,130
2029 5.0% $41.01 313,373 $652,465,028 $554,595,274 $11,107,649 $35,494,098 $46,601,746 $5.33 $1,202,325 $459,438,997 $390,523,147 $6,316,167 $24,993,481 $31,309,649 $6.30 $807,789 $2,010,114 $6.41 $47.43 $14,861,918
2030 5.0% $43.06 326,002 $641,357,379 $545,153,772 $11,107,649 $34,889,841 $45,997,490 $5.26 $1,186,735 $453,122,830 $385,154,405 $6,316,167 $24,649,882 $30,966,049 $6.23 $798,924 $1,985,659 $6.09 $49.15 $16,023,863
2031 5.0% $45.21 338,630 $630,249,731 $535,712,271 $11,107,649 $34,285,585 $45,393,234 $5.19 $1,171,145 $446,806,662 $379,785,663 $6,316,167 $24,306,282 $30,622,450 $6.16 $790,059 $1,961,205 $5.79 $51.01 $17,272,319
2032 5.0% $47.48 351,259 $619,142,082 $526,270,770 $11,107,649 $33,681,329 $44,788,978 $5.12 $1,155,556 $440,490,495 $374,416,921 $6,316,167 $23,962,683 $30,278,850 $6.09 $781,194 $1,936,750 $5.51 $52.99 $18,612,971
2033 5.0% $49.85 363,887 $608,034,434 $516,829,269 $11,107,649 $33,077,073 $44,184,722 $5.05 $1,139,966 $434,174,328 $369,048,179 $6,316,167 $23,619,083 $29,935,251 $6.02 $772,329 $1,912,295 $5.26 $55.10 $20,051,856
2034 5.0% $52.34 376,516 $596,926,785 $507,387,767 $11,107,649 $32,472,817 $43,580,466 $4.98 $1,124,376 $427,858,161 $363,679,437 $6,316,167 $23,275,484 $29,591,651 $5.95 $763,465 $1,887,841 $5.01 $57.36 $21,595,384
2035 5.0% $54.96 389,145 $585,819,136 $497,946,266 $11,107,649 $31,868,561 $42,976,210 $4.91 $1,108,786 $421,541,994 $358,310,695 $6,316,167 $22,931,884 $29,248,052 $5.88 $754,600 $1,863,386 $4.79 $59.75 $23,250,361
2036 5.0% $57.71 401,773 $574,711,488 $488,504,765 $11,107,649 $31,264,305 $42,371,954 $4.84 $1,093,196 $415,225,826 $352,941,952 $6,316,167 $22,588,285 $28,904,452 $5.81 $745,735 $1,838,931 $4.58 $62.28 $25,024,013

   24 Mile Road Parallel Main
   Lake Huron WTP HS Pump Upgr.
   Second Feed - PH to Chesterfield

Const. Management Fee (assumed)

Project
Flint Loop Transmission System
NOTS
Macomb (includes the following:)
   Chesterfield Booster Pump Station

Capital Value
of DWSD

Investment

Suburban Wholesale Customers

Capital Value
of DWSD

Investment

Suburban Wholesale Customers

Total Capital Recovery

Assumed 
Annual 

Rate 
Increase

DWSD 
Commodity 

($/MCF)

Annual 
Consumption 

(MCF)

Flint Loop Transmission System and North Oakland Transmission System Macomb Loop
GLCUA Cost of Water
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Table 18-13 shows the 2009-10 rates, key variables used in the DWSD rate model, and the 
required rate of capital recovery used to determine the cost of water for this option. 

 
Table 18-11 Factors Used to Determine Cost of Water for Option 4 
2009-10 

Rate 
($/MCF) 

Distance 
Factor 

Distance-
Elevation 

Factor 

% Peak
Hour 

Distance 

Capital Recovery 
Requirement 
($ / $100M) 

Projected
2036 Rate 
($ / MCF) 

Flint & GCDC-WWS $8.06 22.8 31.1 4.45% $299,000 $44.67 

GLCUA $8.61 22.8 31.1 1.29% $87,000 $46.02 
 

Table 18-14 shows the projected cost of water for Flint and GCDC-WWS and Table 18-15 
shows the projected cost of water for GLCUA. 

18.5 Summary 
The cost of water for the four options considered is shown graphically in Figures 18-1 and 18-2. 

 
Figure 18-1: Flint & GCDC-WWS Remain DWSD Customers-Cost of Water 
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Figure 18-2: GLCUA Remain DWSD Customers-Cost of Water 
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18.6 Comparison of Options 
 
The four options considered are variations of concepts for DWSD continuing to supply water to Flint, 
GCDC-WWS, and GLCUA.  The specific details of any particular option for continuing the DWSD 
supply have not been worked out; the analyses completed are based on certain assumptions to provide a 
general understanding of the likely cost of water from DWSD.  Volatility of assumptions regarding utility 
costs, construction costs, inflation, and other economic variables will occur and cannot be predicted with 
accuracy.  However, costs for all options considered (including the alternative of a new Lake Huron water 
supply) should be affected similarly.  Although costs may vary, it is expected that the relative difference 
between the options and alternatives studied will be consistent. 
 
In comparing the four options for continuing supply by DWSD, Option 2 and Option 3 appear to establish 
the range of the future cost of water.  Option 2 results in the lower rate since it is based on the assumption 
that there is only a 5% increase in demands over the next 25 years.  Option 3 is based on the assumption 
that demands increase about 16% over the next 25 years. 
 
Over the 25 year planning period, the cost of water for Option 4 will almost be equal to that of Option 2, 
when averaged over the period.  Initially, Option 4 will have a higher cost.  Beyond the 25 year planning 
period, greater savings will be realized with Option 4 than the Options 1 through 3. 
 
Because Option 4 has a slightly less cost than other options over the 25 year planning period and beyond, 
it will be compared with the alternative of constructing a new Lake Huron water supply in Section 8 of 
the Preliminary Engineering Report. 
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Table 18-12 Option 4 - Flint & GCDC-WWS Build and Operate FTS 
Option 4 - Flint & GCDC-WWS, Build and Operate FTS

Assumptions:

Flint-GCDC Capital Projects

Flint Loop Transmission System Operating & Maintenance Costs of Grand Blanc Pumping Station

Cost1 Flow (mgd) TDH (feet)
North Transmsission CM-2018 $266,000,000 2010 Normal Delivery Rate 25 280
30 Inch Main CM-2019 $9,500,000
Grand Blanc Pumping Station $48,000,000 assumed efficiency 0.70
Subtotal $323,500,000 assumed $/kWh $0.063
Construction Management $22,645,000 assumed rate of inflation 3.00%
Total Project Cost $346,145,000 kWh/1,000gal 1.26
Term 30 kWh/yr 11,497,500
Interest Rate 5.00% annual pumping cost $724,343
Debt Service $22,517,229

     FTS - DWSD December 2008
     NOTS & Macomb - DWSD September 25, 2008

Const. Management Fee (assumed) 7.0%

Other DWSD Capital Projects:
Estimated

Cost
Construction

Start
Flint Loop Transmission System $278,000,000 2009
NOTS $245,200,000 2009
Macomb (including the following:) $464,800,000 2023
   Chesterfield Booster Pump Station $15,150,000
   24 Mile Road Parallel Main $38,000,000
   Lake Huron WTP HS Pump Upgr. $23,450,000
   Second Feed - PH to Chesterfield $388,200,000

DWSD Commodity Rates:
Flint & GCDC-WWS Commodity Rate (2008-09) $13.07 $/MCF
Flint & GCDC-WWS Commodity Rate (2009-10) $8.06 $/MCF

Capital Cost Recovery:
Flint & GCDC share of Capital Cost Recovery 4.45%
Revenue Requirement (initial year) $6.71 per $100
Depreciation Period 66.67 years
Annual Depreciation Expense (Suburban Wholesale) $1.27 per $100
Rate of Return 6.40%
Suburban Wholesale Customers Allocation Base 85%

Cost of Water:

Flint-GCDC Flint-GCDC

Allocation
of DWSD

Investment

Annual
Depreciation

Expense
Return on
Rate Base

Annual 
Revenue

Requirement

Revenue 
Required 
per $100 

Investment
Annual

Requirement

Allocation
of DWSD

Investment

Annual
Depreciation

Expense
Return on
Rate Base

Annual 
Revenue

Requirement

Revenue 
Required 
per $100 
Investme

nt
Annual

Requirement
Flint

Transmission
Share of
DWSD

Capital 
Recovery

Grand 
Blanc PS 

O&M ($/MCF) ($)
2009 $13.07 1,461,952 $559,824,000 $475,850,400 $7,109,765 $30,454,426 $37,564,190 $6.71 $1,671,606 $11,258,614 $1,671,606 $12,930,221 95.2% $12,313,713 $8.42 95.2% $0 $0.00 $21.49 $31,421,424
2010 $8.06 1,461,952 $552,714,235 $469,807,100 $7,109,765 $30,067,654 $37,177,419 $6.64 $1,654,395 $22,517,229 $1,654,395 $24,171,624 95.2% $23,019,131 $15.75 95.2% $0 $0.00 $23.81 $34,802,463
2011 8.0% $8.70 1,471,711 $545,604,470 $463,763,800 $7,109,765 $29,680,883 $36,790,648 $6.57 $1,637,184 $22,517,229 $1,637,184 $24,154,413 94.5% $22,822,591 $15.51 $724,343 94.5% $684,404 $0.47 $24.68 $36,317,946
2012 8.0% $9.40 1,480,983 $538,494,706 $457,720,500 $7,109,765 $29,294,112 $36,403,877 $6.50 $1,619,973 $22,517,229 $1,619,973 $24,137,202 93.8% $22,630,957 $15.28 $746,073 93.8% $699,515 $0.47 $25.15 $37,253,462
2013 8.0% $10.15 1,490,254 $531,384,941 $451,677,200 $7,109,765 $28,907,341 $36,017,106 $6.43 $1,602,761 $22,517,229 $1,602,761 $24,119,990 93.1% $22,444,378 $15.06 $768,455 93.1% $715,071 $0.48 $25.69 $38,290,413
2014 8.0% $10.97 1,499,525 $524,275,176 $445,633,900 $7,109,765 $28,520,570 $35,630,334 $6.36 $1,585,550 $22,517,229 $1,585,550 $24,102,779 92.4% $22,262,651 $14.85 $791,509 92.4% $731,081 $0.49 $26.30 $39,436,839
2015 5.0% $11.51 1,508,836 $517,165,411 $439,590,600 $7,109,765 $28,133,798 $35,243,563 $6.30 $1,568,339 $22,517,229 $1,568,339 $24,085,568 91.7% $22,086,413 $14.64 $815,254 91.7% $747,586 $0.50 $26.65 $40,206,460
2016 5.0% $12.09 1,518,146 $510,055,646 $433,547,299 $7,109,765 $27,747,027 $34,856,792 $6.23 $1,551,127 $22,517,229 $1,551,127 $24,068,356 91.1% $21,914,621 $14.44 $839,711 91.1% $764,571 $0.50 $27.03 $41,032,835
2017 5.0% $12.69 1,527,457 $502,945,882 $427,503,999 $7,109,765 $27,360,256 $34,470,021 $6.16 $1,533,916 $22,517,229 $1,533,916 $24,051,145 90.4% $21,747,102 $14.24 $864,903 90.4% $782,047 $0.51 $27.44 $41,918,660
2018 5.0% $13.33 1,536,767 $495,836,117 $421,460,699 $7,109,765 $26,973,485 $34,083,250 $6.09 $1,516,705 $22,517,229 $1,516,705 $24,033,934 89.8% $21,583,690 $14.04 $890,850 89.8% $800,028 $0.52 $27.89 $42,866,801
2019 5.0% $14.00 1,546,078 $488,726,352 $415,417,399 $7,109,765 $26,586,714 $33,696,478 $6.02 $1,499,493 $22,517,229 $1,499,493 $24,016,722 89.2% $21,424,231 $13.86 $917,575 89.2% $818,527 $0.53 $28.38 $43,880,296
2020 5.0% $14.69 1,555,388 $481,616,587 $409,374,099 $7,109,765 $26,199,942 $33,309,707 $5.95 $1,482,282 $22,517,229 $1,482,282 $23,999,511 88.6% $21,268,575 $13.67 $945,103 88.6% $837,558 $0.54 $28.91 $44,962,363
2021 5.0% $15.43 1,564,698 $474,506,822 $403,330,799 $7,109,765 $25,813,171 $32,922,936 $5.88 $1,465,071 $22,517,229 $1,465,071 $23,982,300 88.1% $21,116,583 $13.50 $973,456 88.1% $857,135 $0.55 $29.47 $46,116,415
2022 5.0% $16.20 1,574,009 $467,397,058 $397,287,499 $7,109,765 $25,426,400 $32,536,165 $5.81 $1,447,859 $22,517,229 $1,447,859 $23,965,088 87.5% $20,968,120 $13.32 $1,002,659 87.5% $877,271 $0.56 $30.08 $47,346,063
2023 5.0% $17.01 1,583,319 $460,287,293 $391,244,199 $7,109,765 $25,039,629 $32,149,394 $5.74 $1,430,648 $497,336,000 $422,735,600 $6,316,167 $27,055,078 $33,371,246 $6.71 $1,485,020 $22,517,229 $2,915,668 $25,432,897 87.0% $22,114,307 $13.97 $1,032,739 87.0% $897,983 $0.57 $31.55 $49,946,376
2024 5.0% $17.86 1,592,630 $453,177,528 $385,200,899 $7,109,765 $24,652,858 $31,762,622 $5.67 $1,413,437 $491,019,833 $417,366,858 $6,316,167 $26,711,479 $33,027,646 $6.64 $1,469,730 $22,517,229 $2,883,167 $25,400,396 86.4% $21,951,441 $13.78 $1,063,721 86.4% $919,286 $0.58 $32.22 $51,317,817
2025 5.0% $18.75 1,601,940 $446,067,763 $379,157,599 $7,109,765 $24,266,086 $31,375,851 $5.60 $1,396,225 $484,703,666 $411,998,116 $6,316,167 $26,367,879 $32,684,047 $6.57 $1,454,440 $22,517,229 $2,850,665 $25,367,894 85.9% $21,792,083 $13.60 $1,095,633 85.9% $941,195 $0.59 $32.95 $52,777,338
2026 5.0% $19.69 1,611,251 $438,957,998 $373,114,299 $7,109,765 $23,879,315 $30,989,080 $5.54 $1,379,014 $478,387,498 $406,629,374 $6,316,167 $26,024,280 $32,340,447 $6.50 $1,439,150 $22,517,229 $2,818,164 $25,335,393 85.4% $21,636,111 $13.43 $1,128,502 85.4% $963,727 $0.60 $33.72 $54,329,447
2027 5.0% $20.68 1,620,561 $431,848,234 $367,070,999 $7,109,765 $23,492,544 $30,602,309 $5.47 $1,361,803 $472,071,331 $401,260,632 $6,316,167 $25,680,680 $31,996,848 $6.43 $1,423,860 $22,517,229 $2,785,662 $25,302,891 84.9% $21,483,406 $13.26 $1,162,357 84.9% $986,899 $0.61 $34.54 $55,978,908
2028 5.0% $21.71 1,629,871 $424,738,469 $361,027,698 $7,109,765 $23,105,773 $30,215,538 $5.40 $1,344,591 $465,755,164 $395,891,889 $6,316,167 $25,337,081 $31,653,248 $6.36 $1,408,570 $22,517,229 $2,753,161 $25,270,390 84.4% $21,333,859 $13.09 $1,197,228 84.4% $1,010,728 $0.62 $35.42 $57,730,760
2029 5.0% $22.80 1,639,182 $417,628,704 $354,984,398 $7,109,765 $22,719,001 $29,828,766 $5.33 $1,327,380 $459,438,997 $390,523,147 $6,316,167 $24,993,481 $31,309,649 $6.30 $1,393,279 $22,517,229 $2,720,659 $25,237,888 84.0% $21,187,363 $12.93 $1,233,145 84.0% $1,035,233 $0.63 $36.35 $59,590,322
2030 5.0% $23.94 1,648,492 $410,518,939 $348,941,098 $7,109,765 $22,332,230 $29,441,995 $5.26 $1,310,169 $453,122,830 $385,154,405 $6,316,167 $24,649,882 $30,966,049 $6.23 $1,377,989 $22,517,229 $2,688,158 $25,205,387 83.5% $21,043,816 $12.77 $1,270,139 83.5% $1,060,431 $0.64 $37.35 $61,563,218
2031 5.0% $25.13 1,657,803 $403,409,174 $342,897,798 $7,109,765 $21,945,459 $29,055,224 $5.19 $1,292,957 $446,806,662 $379,785,663 $6,316,167 $24,306,282 $30,622,450 $6.16 $1,362,699 $22,517,229 $2,655,656 $25,172,885 83.0% $20,903,120 $12.61 $1,308,243 83.0% $1,086,342 $0.66 $38.40 $63,655,383
2032 5.0% $26.39 1,667,113 $396,299,410 $336,854,498 $7,109,765 $21,558,688 $28,668,453 $5.12 $1,275,746 $440,490,495 $374,416,921 $6,316,167 $23,962,683 $30,278,850 $6.09 $1,347,409 $22,517,229 $2,623,155 $25,140,384 82.6% $20,765,184 $12.46 $1,347,490 82.6% $1,112,986 $0.67 $39.51 $65,873,087
2033 5.0% $27.71 1,676,424 $389,189,645 $330,811,198 $7,109,765 $21,171,917 $28,281,681 $5.05 $1,258,535 $434,174,328 $369,048,179 $6,316,167 $23,619,083 $29,935,251 $6.02 $1,332,119 $22,517,229 $2,590,653 $25,107,882 82.2% $20,629,917 $12.31 $1,387,915 82.2% $1,140,382 $0.68 $40.70 $68,222,948
2034 5.0% $29.09 1,685,734 $382,079,880 $324,767,898 $7,109,765 $20,785,145 $27,894,910 $4.98 $1,241,324 $427,858,161 $363,679,437 $6,316,167 $23,275,484 $29,591,651 $5.95 $1,316,828 $22,517,229 $2,558,152 $25,075,381 81.7% $20,497,234 $12.16 $1,429,553 81.7% $1,168,552 $0.69 $41.95 $70,711,954
2035 5.0% $30.55 1,695,044 $374,970,115 $318,724,598 $7,109,765 $20,398,374 $27,508,139 $4.91 $1,224,112 $421,541,994 $358,310,695 $6,316,167 $22,931,884 $29,248,052 $5.88 $1,301,538 $22,517,229 $2,525,650 $25,042,879 81.3% $20,367,055 $12.02 $1,472,439 81.3% $1,197,516 $0.71 $43.27 $73,347,477
2036 5.0% $32.08 1,704,355 $367,860,350 $312,681,298 $7,109,765 $20,011,603 $27,121,368 $4.84 $1,206,901 $415,225,826 $352,941,952 $6,316,167 $22,588,285 $28,904,452 $5.81 $1,286,248 $22,517,229 $2,493,149 $25,010,378 80.9% $20,239,300 $11.88 $1,516,612 80.9% $1,227,297 $0.72 $44.67 $76,137,300
2037 5.0% $33.68 1,713,665 $360,750,586 $306,637,998 $7,109,765 $19,624,832 $26,734,597 $4.78 $1,189,690 $408,909,659 $347,573,210 $6,316,167 $22,244,685 $28,560,853 $5.74 $1,270,958 $22,517,229 $2,460,647 $24,977,876 80.5% $20,113,895 $11.74 $1,562,111 80.5% $1,257,918 $0.73 $46.15 $79,089,635

Project

1DWSD costs from following sources:

Flint Loop Transmission System and North Oakland Transmission System Macomb Loop
Flint-GCDC Cost of Water

Capital Value
of DWSD

Investment

Suburban Wholesale Customers

Capital Value
of DWSD

Investment

Suburban Wholesale Customers

Flint-GCDC Share

Flint-GCDC / GLCUA O&M

Flint-GCDC Share
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Annual 
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Table 18-13 Option 4 - GLCUA; 30 Year Contract; Flint, GCDC & GLCUA Construct and Operate FTS 
Option 4 - GLCUA; 30 Year Contract; Flint, GCDC, & GLCUA Construct and Operate FTS

Assumptions:

Flint-GCDC / GLCUA Capital Projects

Flint Loop Transmission System Operating & Maintenance Costs of Grand Blanc Pumping Station

Cost1 Flow (mgd) TDH (feet)
North Transmsission CM-2018 $266,000,000 2010 Normal Delivery Rate 25 280
30 Inch Main CM-2019 $9,500,000
Grand Blanc Pumping Station $48,000,000 assumed efficiency 0.70
Subtotal $323,500,000 assumed $/kWh $0.063
Construction Management $22,645,000 assumed rate of inflation 3.00%
Total Project Cost $346,145,000 kWh/1,000gal 1.26
Term 30 kWh/yr 11,497,500
Interest Rate 5.00% annual pumping cost $724,343
Debt Service $22,517,229
1Source of DWSD costs:
     FTS - DWSD December 2008
     NOTS & Macomb - DWSD September 25, 2008

Const. Management Fee (assumed) 7.0%

Other DWSD Capital Projects:
Estimated

Cost
Construction

Start
Flint Loop Transmission System $278,000,000 2009
NOTS $245,200,000 2009
Macomb (includes following:) $464,800,000 2023
   Chesterfield Booster Pump Station $15,150,000
   24 Mile Road Parallel Main $38,000,000
   Lake Huron WTP HS Pump Upgr. $23,450,000
   Second Feed - PH to Chesterfield $388,200,000

DWSD Commodity Rates:
GLCUA Commodity Rate (2008-09) $14.84 $/MCF
GLCUA Commodity Rate (2009-10) $8.61 $/MCF

Capital Cost Recovery:
GLCUA share of Capital Cost Recovery 1.29%
Revenue Requirement (initial year) $6.71 per $100
Depreciation Period 66.67 years
Annual Depreciation Expense (Suburban Wholesale) $1.27 per $100
Rate of Return 6.40%
Suburban Wholesale Customers Allocation Base 85%

Cost of Water:

GLCUA Flint-GCDC

Allocation
of DWSD

Investment

Annual
Depreciation

Expense
Return on
Rate Base

Annual 
Revenue

Requirement

Revenue 
Required 
per $100 

Investment
Annual

Requirement

Allocation
of DWSD

Investment

Annual
Depreciation

Expense
Return on
Rate Base

Annual 
Revenue

Requirement

Revenue 
Required 
per $100 

Investment
Annual

Requirement
Flint

Transmission
Share of
DWSD

Capital
Recovery

Grand 
Blanc PS 

O&M ($/MCF) ($)
2009 $15 73,195 $559,824,000 $475,850,400 $7,109,765 $30,454,426 $37,564,190 $6.71 $484,578 $11,258,614 $484,578 $11,743,193 4.8% $559,911 $7.65 4.8% $0 $0.00 $22.49 $1,646,127
2010 $8.61 73,195 $552,714,235 $469,807,100 $7,109,765 $30,067,654 $37,177,419 $6.64 $479,589 $22,517,229 $479,589 $22,996,818 4.8% $1,096,479 $14.98 4.8% $0 $0.00 $23.59 $1,726,689
2011 8.0% $9.30 85,882 $545,604,470 $463,763,800 $7,109,765 $29,680,883 $36,790,648 $6.57 $474,599 $22,517,229 $474,599 $22,991,828 5.5% $1,267,720 $14.76 $724,343 5.5% $39,939 $0.47 $24.52 $2,106,261
2012 8.0% $10.04 98,570 $538,494,706 $457,720,500 $7,109,765 $29,294,112 $36,403,877 $6.50 $469,610 $22,517,229 $469,610 $22,986,839 6.2% $1,434,458 $14.55 $746,073 6.2% $46,558 $0.47 $25.07 $2,470,920
2013 8.0% $10.85 111,257 $531,384,941 $451,677,200 $7,109,765 $28,907,341 $36,017,106 $6.43 $464,621 $22,517,229 $464,621 $22,981,850 6.9% $1,596,545 $14.35 $768,455 6.9% $53,384 $0.48 $25.68 $2,856,633
2014 8.0% $11.71 123,944 $524,275,176 $445,633,900 $7,109,765 $28,520,570 $35,630,334 $6.36 $459,631 $22,517,229 $459,631 $22,976,860 7.6% $1,754,170 $14.15 $791,509 7.6% $60,428 $0.49 $26.35 $3,266,452
2015 5.0% $12.30 136,572 $517,165,411 $439,590,600 $7,109,765 $28,133,798 $35,243,563 $6.30 $454,642 $22,517,229 $454,642 $22,971,871 8.3% $1,906,715 $13.96 $815,254 8.3% $67,668 $0.50 $26.76 $3,654,156
2016 5.0% $12.91 149,201 $510,055,646 $433,547,299 $7,109,765 $27,747,027 $34,856,792 $6.23 $449,653 $22,517,229 $449,653 $22,966,882 8.9% $2,055,171 $13.77 $839,711 8.9% $75,141 $0.50 $27.19 $4,057,165
2017 5.0% $13.56 161,830 $502,945,882 $427,503,999 $7,109,765 $27,360,256 $34,470,021 $6.16 $444,663 $22,517,229 $444,663 $22,961,892 9.6% $2,199,696 $13.59 $864,903 9.6% $82,856 $0.51 $27.66 $4,476,994
2018 5.0% $14.24 174,458 $495,836,117 $421,460,699 $7,109,765 $26,973,485 $34,083,250 $6.09 $439,674 $22,517,229 $439,674 $22,956,903 10.2% $2,340,441 $13.42 $890,850 10.2% $90,822 $0.52 $28.17 $4,915,236
2019 5.0% $14.95 187,087 $488,726,352 $415,417,399 $7,109,765 $26,586,714 $33,696,478 $6.02 $434,685 $22,517,229 $434,685 $22,951,914 10.8% $2,477,550 $13.24 $917,575 10.8% $99,048 $0.53 $28.72 $5,373,570
2020 5.0% $15.70 199,716 $481,616,587 $409,374,099 $7,109,765 $26,199,942 $33,309,707 $5.95 $429,695 $22,517,229 $429,695 $22,946,924 11.4% $2,611,160 $13.07 $945,103 11.4% $107,544 $0.54 $29.31 $5,853,764
2021 5.0% $16.48 212,344 $474,506,822 $403,330,799 $7,109,765 $25,813,171 $32,922,936 $5.88 $424,706 $22,517,229 $424,706 $22,941,935 11.9% $2,741,400 $12.91 $973,456 11.9% $116,321 $0.55 $29.94 $6,357,685
2022 5.0% $17.31 224,973 $467,397,058 $397,287,499 $7,109,765 $25,426,400 $32,536,165 $5.81 $419,717 $22,517,229 $419,717 $22,936,946 12.5% $2,868,394 $12.75 $1,002,659 12.5% $125,388 $0.56 $30.61 $6,887,302
2023 5.0% $18.17 237,601 $460,287,293 $391,244,199 $7,109,765 $25,039,629 $32,149,394 $5.74 $414,727 $497,336,000 $422,735,600 $6,316,167 $27,055,078 $33,371,246 $6.71 $430,489 $22,517,229 $845,216 $23,362,445 13.0% $3,048,430 $12.83 $1,032,739 13.0% $134,756 $0.57 $31.57 $7,500,869
2024 5.0% $19.08 250,230 $453,177,528 $385,200,899 $7,109,765 $24,652,858 $31,762,622 $5.67 $409,738 $491,019,833 $417,366,858 $6,316,167 $26,711,479 $33,027,646 $6.64 $426,057 $22,517,229 $835,794 $23,353,023 13.6% $3,170,955 $12.67 $1,063,721 13.6% $144,436 $0.58 $32.33 $8,089,919
2025 5.0% $20.03 262,859 $446,067,763 $379,157,599 $7,109,765 $24,266,086 $31,375,851 $5.60 $404,748 $484,703,666 $411,998,116 $6,316,167 $26,367,879 $32,684,047 $6.57 $421,624 $22,517,229 $826,373 $23,343,602 14.1% $3,290,471 $12.52 $1,095,633 14.1% $154,438 $0.59 $33.14 $8,711,173
2026 5.0% $21.04 275,487 $438,957,998 $373,114,299 $7,109,765 $23,879,315 $30,989,080 $5.54 $399,759 $478,387,498 $406,629,374 $6,316,167 $26,024,280 $32,340,447 $6.50 $417,192 $22,517,229 $816,951 $23,334,180 14.6% $3,407,080 $12.37 $1,128,502 14.6% $164,775 $0.60 $34.00 $9,367,092
2027 5.0% $22.09 288,116 $431,848,234 $367,070,999 $7,109,765 $23,492,544 $30,602,309 $5.47 $394,770 $472,071,331 $401,260,632 $6,316,167 $25,680,680 $31,996,848 $6.43 $412,759 $22,517,229 $807,529 $23,324,758 15.1% $3,520,885 $12.22 $1,162,357 15.1% $175,458 $0.61 $34.92 $10,060,283
2028 5.0% $23.19 300,744 $424,738,469 $361,027,698 $7,109,765 $23,105,773 $30,215,538 $5.40 $389,780 $465,755,164 $395,891,889 $6,316,167 $25,337,081 $31,653,248 $6.36 $408,327 $22,517,229 $798,107 $23,315,336 15.6% $3,631,979 $12.08 $1,197,228 15.6% $186,500 $0.62 $35.89 $10,793,506
2029 5.0% $24.35 313,373 $417,628,704 $354,984,398 $7,109,765 $22,719,001 $29,828,766 $5.33 $384,791 $459,438,997 $390,523,147 $6,316,167 $24,993,481 $31,309,649 $6.30 $403,894 $22,517,229 $788,686 $23,305,915 16.0% $3,740,455 $11.94 $1,233,145 16.0% $197,912 $0.63 $36.92 $11,569,680
2030 5.0% $25.57 326,002 $410,518,939 $348,941,098 $7,109,765 $22,332,230 $29,441,995 $5.26 $379,802 $453,122,830 $385,154,405 $6,316,167 $24,649,882 $30,966,049 $6.23 $399,462 $22,517,229 $779,264 $23,296,493 16.5% $3,846,400 $11.80 $1,270,139 16.5% $209,708 $0.64 $38.01 $12,391,897
2031 5.0% $26.85 338,630 $403,409,174 $342,897,798 $7,109,765 $21,945,459 $29,055,224 $5.19 $374,812 $446,806,662 $379,785,663 $6,316,167 $24,306,282 $30,622,450 $6.16 $395,030 $22,517,229 $769,842 $23,287,071 17.0% $3,949,898 $11.66 $1,308,243 17.0% $221,901 $0.66 $39.17 $13,263,433
2032 5.0% $28.19 351,259 $396,299,410 $336,854,498 $7,109,765 $21,558,688 $28,668,453 $5.12 $369,823 $440,490,495 $374,416,921 $6,316,167 $23,962,683 $30,278,850 $6.09 $390,597 $22,517,229 $760,420 $23,277,649 17.4% $4,051,027 $11.53 $1,347,490 17.4% $234,505 $0.67 $40.39 $14,187,757
2033 5.0% $29.60 363,887 $389,189,645 $330,811,198 $7,109,765 $21,171,917 $28,281,681 $5.05 $364,834 $434,174,328 $369,048,179 $6,316,167 $23,619,083 $29,935,251 $6.02 $386,165 $22,517,229 $750,998 $23,268,227 17.8% $4,149,865 $11.40 $1,387,915 17.8% $247,533 $0.68 $41.68 $15,168,545
2034 5.0% $31.08 376,516 $382,079,880 $324,767,898 $7,109,765 $20,785,145 $27,894,910 $4.98 $359,844 $427,858,161 $363,679,437 $6,316,167 $23,275,484 $29,591,651 $5.95 $381,732 $22,517,229 $741,577 $23,258,806 18.3% $4,246,485 $11.28 $1,429,553 18.3% $261,001 $0.69 $43.05 $16,209,689
2035 5.0% $32.63 389,145 $374,970,115 $318,724,598 $7,109,765 $20,398,374 $27,508,139 $4.91 $354,855 $421,541,994 $358,310,695 $6,316,167 $22,931,884 $29,248,052 $5.88 $377,300 $22,517,229 $732,155 $23,249,384 18.7% $4,340,956 $11.16 $1,472,439 18.7% $274,923 $0.71 $44.50 $17,315,318
2036 5.0% $34.27 401,773 $367,860,350 $312,681,298 $7,109,765 $20,011,603 $27,121,368 $4.84 $349,866 $415,225,826 $352,941,952 $6,316,167 $22,588,285 $28,904,452 $5.81 $372,867 $22,517,229 $722,733 $23,239,962 19.1% $4,433,346 $11.03 $1,516,612 19.1% $289,315 $0.72 $46.02 $18,489,803
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18.7 Master Agreement 
A copy of the master agreement developed by DWSD follows. 
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19.1 Introduction 
A schedule for implementation follows. 
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2.1 General 
The Karegnondi Water Authority (KWA) is studying the feasibility of a new regional drinking water 
supply.  The alternative studied will provide raw Lake Huron water to central Michigan communities.  
This memorandum summarizes the criteria used to develop the concept and resulting costs for the 
alternative considered. 

2.2 Design Criteria 

2.2.1 Service Area 

It is assumed that the following communities are supplied water by the KWA, and are 
considered the customers of the KWA.   

City of Flint 
Genesee County 
Lapeer County (Greater Lapeer County Utility Authority, GLCUA) 
Sanilac County (Worth Township) 

 
All proposed KWA customers are currently supplied finished water from other utilities.  The 
City of Flint and the GLCUA are direct customers of the Detroit Water and Sewerage 
Department (DWSD).  Genesee County is supplied water from the City of Flint and is 
therefore considered a second-tier customer of DWSD.   Worth Township is supplied by the 
Lexington-Worth Townships Utility Authority (LWTUA); LWTUA is supplied by the 
Village of Lexington.  Copies of existing water supply contracts for the communities in the 
service area are included in Appendix 16. 
 
KWA customers may expand water service to other areas within their jurisdiction, in the 
future. 

2.2.2 Study Period 

The study period is 25 years.   
 

The proposed alternative will be developed to meet the projected 25 year maximum day 
demands (MDD) of the Service Area, with consideration for future expansion as demands 
increase beyond the projected 25 year MDD. 

2.2.3 Demands 

Appendix 1 summarizes the demands used for this study. 

2.2.4 Capacity 

The new water supply alternative is planned to provide adequate capacity to deliver raw 
water to meet the maximum day demands of KWA customers.  Peak hourly demands are 
assumed to be met by local storage provided by individual KWA customers. 

2.2.5 Proposed Alternative 

Figure 2.1 is a schematic of the proposed water supply.  The capacity required for the 
projected 25 year MDD of the service are shown on the schematic. 
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Fig 2.1 – Water Supply Schematic 
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2.2.6 Design Criteria 

The proposed water supply alternative is planned to meet the criteria established by Michigan 
Department of Environmental Quality and other regulatory agencies with jurisdiction. 

2.3 Economic Criteria 

2.3.1 Opinions of Probable Cost 

Estimates of construction cost are developed based on an assumed Engineering News-Record 
Construction Cost Index of 8688.  

 
Estimates of construction cost are increased by 37% to determine the proposed project 
budget.  The additional 37% accounts for the following project related costs. 

 
Design Contingencies:      5% 
Construction Contingencies:    15% 
Engineering, Bonds, Legal, and Administration:  17% 
Total    37% 

2.3.2 Land 

Proposed land procurement costs for the project are assumed as follows: 
 

Easements:   $0.15 per square foot 
Land (purchase):   $6,000 per acre (rural) 

 
Genesee County purchased 230 acres of land in Worth Township, Sanilac County in 2002.  
The land was purchased for the potential use as a water supply facility.  The land was 
purchased for $2.3 million.  Because a portion of the property abuts Lake Huron, it is unique 
and was purchased at a premium above the typical cost of property in the project area. 

2.3.3 Capitalized Interest 

Capitalized interest is not included during the construction period. 

2.3.4 Commencement of Operations 

It is assumed that the proposed facilities will become operational in January 2014. 

2.3.5 Operating, Maintenance, and Administrative Costs 

It is assumed that operating, maintenance, and administrative costs increase at an annual rate 
of 3%. 
 
Administrative costs of $200,000 during the initial year of the project, 2010.  The 
administrative cost has been assumed to increase at an annual 3% rate of inflation. 
 
Electrical power rates are assumed to be $0.063 per kWh in 2014.  Electrical power rates are 
assumed to increase at an annual rate of 3%. 
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Labor rates for operation and maintenance personnel in 2014 have been assumed as follows: 
WTP Superintendent - $35 per hour 
Supervisor - $30 per hour 
Operators - $20 per hour 
Maintenance Mechanics - $25 per hour 
Mechanics Helpers - $20 per hour 
Instrument Technicians - $25 per hour 

 
It is assumed that fringe benefits add 62% to the above labor rates.  It is assumed that labor 
rates increase by 3% annually. 

2.3.6 Depreciation 

The lives of key components of the water supply have been assumed as follows: 
Pipe – 75 years 
Mechanical Equipment – 20 years 
Physical Plant – 75 years 

 
Depreciation expense is computed on a straight line basis, using the original installed cost of 
the facilities.  Depreciation expense is considered constant throughout the study period, based 
upon the assumption that the price inflation will be offset by the rate-of-return on funds set 
aside for depreciation.  Depreciation expenses are presented but are not included in annual 
operating and maintenance expenses. 

2.3.7 Financing and Rate of Return 

It is assumed that project financing will be at a rate of 6% over a period of 25 years. 

2.4 Cost Distribution 
The KWA will supply raw water to its customers and the costs thereof will be distributed amongst the 
KWA customers.  Project costs associated with the construction of facilities for supply of raw water 
are divided proportionally on the basis of each customer’s maximum day demand to the total design 
capacity of the facilities.  Operating costs associated with the delivery of raw water are developed on 
a unit price basis ($ per MCF); operating costs for each KWA customer are determined based on the 
unit cost and each customer’s average annual demand. 
 
Each KWA customer will be individually responsible for the cost of construction and operation of the 
local facilities necessary to provide treatment other provisions necessary for local distribution.  To 
provide for a complete evaluation, the concept studied also considers the needs for local treatment 
and supply to existing local distribution systems.  Construction and operating costs associated with 
specific customer communities are assigned to the specific community and combined with their share 
of the KWA costs to determine the projected costs for each community. 
 
Costs presented represent the additional costs which will be incurred by KWA customers if the 
proposed alternative replaces their existing water supply.  Operating and maintenance expenses of 
existing facilities are not included in costs presented for the studied alternative. 
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3.1 General 
System reliability is one of primary criteria by which alternatives for long term water supply will be 
evaluated.  For purposes of this study, reliability is considered the ability to continuously supply a 
safe water supply of sufficient quantity to meet the customer’s needs, including fire protection. 
 
Reliability of a water utility can be affected by any aspect of the utility, ranging from physical 
equipment to staff and operations.  Reliability can be provided through redundancy of equipment or 
processes utilized for pumping and treating water, including ancillary systems such as power supply 
and control systems.    Reliability can also be provided by an independent, redundant water supply 
which could be provided by water supply contracts with other utilities or by utilization of wells.  
Storage of a sufficient quantity of water can also provide reliability. 
 
This memorandum reviews and establishes the criteria for reliability of the physical facilities included 
with the concept considered for a long term water supply for Karegnondi Water Authority (KWA) 
customers. 

3.2 Proposed KWA Water Supply 
The proposed KWA Lake Huron Water Supply will supply water to its customers, including Sanilac 
County, Lapeer County, GCDC-WWS, and the City of Flint.  The proposed KWA supply will deliver 
raw water to customers for local treatment and distribution. 
 
Figure 3.1 is a schematic showing the key components of the proposed KWA Lake Huron Water 
Supply. 

3.3 Demands 
It is assumed that the KWA will supply raw water to customers sufficient to meet the maximum day 
demands of the customers. It is assumed that water will be treated locally, with sufficient capacity to 
meet local maximum day demands.  It is assumed that KWA customers will be responsible to provide 
sufficient local storage to meet peak hour demands. 
 
The proposed raw water reservoir and facilities before the reservoir will be designed for the 
maximum demand over a consecutive seven day period.  The reservoir will provide seven days of 
water storage to allow up to a week for repairs or maintenance of either the proposed single intake or 
single Lake Huron Transmission pipeline.   A review of records indicates that the maximum demand 
over a consecutive seven day period is about 94% of the maximum day demand.  For this study, the 
maximum consecutive seven day demand is termed the 7 day maximum demand. 
 
Where twin pipelines are planned for redundancy, each will be designed so that together the pipelines 
have sufficient capacity to deliver the maximum day demand.  However, each pipeline will be 
designed to provide “emergency demands” in the event that one of the pipelines must be removed 
from service for repairs or maintenance.  For this study, emergency demands are assumed to be equal 
to 75% of the maximum day demand.  Past experience indicates that maximum day demands can be 
reduced to this level through the use of outdoor water use restrictions. 
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Figure 3.1:  Lake Huron Water Supply 
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3.4 Specific Reliability Provisions 
Key components of the proposed water supply studied are identified below, along with reliability 
provisions established for each. 

3.4.1 Intake 

A single intake is proposed.  The intake will be designed to withstand the forces of wind, waves, 
water, ice, erosion, and shipping traffic.  Provisions are to be provided to maintain reliable service 
throughout the range of conditions that might be encountered, such as frazil ice and zebra 
mussels. 
 
The intake design shall limit any required repairs or maintenance to be completed within a one 
week period.  Upstream reservoir storage of at least seven days demand will be provided to allow 
for this. 

3.4.2 Lake Huron Pumping Station 

The Lake Huron Pumping Station (LHPS) will be designed with sufficient firm capacity to meet 
the 7-Day Maximum Demand. 
 
The LHPS will be designed to include raw water storage sufficient to meet the 7-Day Maximum 
Demand of Worth Township. 
 
Backup power for pumping is not provided since water can be supplied from the reservoir for 
periods of at least seven days, in the event of a power failure.  Backup power will provided to 
maintain lighting, security, HVAC, control, and monitoring in the event of a local power failure. 
 
Primary pumping control will be via local PLC controller. 

3.4.3 Reservoir 

The reservoir will be designed to provide storage of raw water to meet the 7-Day Maximum 
Demand. 

3.4.4 Reservoir Pumping Station 

The Reservoir Pumping Station (RPS) will be designed to provide firm capacity to meet the 
maximum day demand of KWA customers, below the pumping station. 
 
Backup power sufficient for pumping the 25 year  maximum day demand (MDD) and to maintain 
lighting, security, HVAC, control, and monitoring will be provided for the RPS in the event of a 
local power failure. 
 
Primary pumping control will be via local PLC controller. 

3.4.5 North and South Transmission Mains 

Twin transmission pipelines will convey raw water from the RPS to the Genesee County WTP 
and to the Flint transmission main.  Each pipeline (the North Transmission Main and the South 
Transmission Main) will be designed with capacity to deliver the emergency demand; together 
both pipelines have been planned with capacity for the 25 year MDD. 
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3.4.6 Flint Transmission Main 

The Flint Transmission Main has been planned with capacity for the 50 year MDD.  
 
Redundancy for the Flint Transmission Main will be provided by one or more of the following: 
o Flint’s water system includes 57 million gallons of finished water storage. 
o The Flint WTP can draw raw water from the Flint River, in the event that the Flint 

Transmission Main is out of service. 
o The Genesee County and Flint finished water distribution systems will be interconnected, 

enabling treated water from Genesee County’s WTP to be supplied to Flint water customers. 

3.4.7 Genesee County WTP 

Water treatment processes and facilities will be designed with sufficient firm capacity to 
continuously treat water to the established water quality at the maximum day demand.   Firm 
capacity may be provided either through redundancy of specific units of equipment or processes 
or by providing a redundant group or train of all of the unit processes and equipment required to 
treat the water to the desired quality. 
 
Backup power sufficient for treating and pumping the maximum day demand and to maintain 
lighting, security, HVAC, control, and monitoring will be provided for the Genesee County WTP 
in the event of a local power failure. 

3.4.8 Flint WTP 

Water treatment processes and facilities will be designed with sufficient firm capacity to 
continuously treat water to the established water quality at the maximum day demand.   Firm 
capacity may be provided either through redundancy of specific units of equipment or processes 
or by providing a redundant group or train of all of the unit processes and equipment required to 
treat the water to the desired quality. 
 
A second power supply from the electric utility provides backup power to operate all equipment, 
processes, and facilities at the city’s WTP. 

3.4.9 Lapeer County Communities 

The cities of Lapeer and Imlay City, the Village of Almont, and Mayfield Township are presently 
supplied water from the Detroit Water and Sewerage Department (DWSD).   Each community 
maintains one or more backup wells which are available to supply water in the event of a loss of 
supply from DWSD.  For this study, it is assumed that each community will continue to rely upon 
their backup wells for reliability.   

3.4.10 Sanilac County (Worth Township) 

Pumping and water treatment equipment and processes will be designed to provide firm capacity 
to supply the maximum day demand.   
 
The LHPS will provide storage in excess of for the 7 day MDD of Worth Township, in the event 
the intake is out of service for repairs or maintenance. 
 
Backup power sufficient for treating and pumping the maximum day demand and to maintain 
lighting, security, HVAC, control, and monitoring will be provided for the Worth Township WTP 
in the event of a local power failure. 
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3.5 Other Alternatives for Reliability 
The concept studied is assumed to be independent from the DWSD supply which presently supplies 
water to many of the communities in the study area.  Although the concept studied has been 
developed to provide suitable provisions for maintaining a reliable water supply, the existing DWSD 
facilities represent another alternative for reliability.  The DWSD system is an independent supply 
with the ability to deliver the quantities of finished water necessary to provide backup of most 
components of the new Lake Huron supply being studied.  
 
To provide additional reliability for the new Lake Huron supply, the existing supply points from 
DWSD should be maintained and it will be necessary to negotiate a suitable contract with DWSD for 
backup supply.   
 
If a contract for mutual aid can be negotiated, the project cost for the new Lake Huron Water Supply 
can be reduced through the elimination of redundant facilities, provided for reliability.  Potential cost 
reductions are presented in Appendix 15.  
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Appendix 4 – Lake Huron Pumping Station and Intake 
 
4.1 - Intake 
 
Purpose 
  
This Technical Memorandum outlines the general design components of a raw water 
intake system for the proposed Lake Huron Water Supply for the Karegnondi Water 
Authority.  The intake system maximum day design capacity is 200 MGD and 83 MGD 
for minimum day demand, based on the ratios for the projected 50 year water system 
demands.  The projected 50 year maximum day demand is 103.8 MGD to be supplied 
from Lake Huron to the raw water storage reservoir.  It is common practice to increase 
the capacity of intake facilities because of cost, difficult construction, and to allow for 
potential growth.  Therefore the crib, intake pipeline and pump station shorewell have 
been planned with two times the 50 year projected demand. 
 
4.1.1 - Structure Location 
 
4.1.1.1 - Sounding and Subsurface Investigation  
 
Soundings from the shore line to the easterly limits of the shipping lanes, about 21,000 
feet east of the Lake Huron shore, were performed by Hennessey Engineers, Inc., to 
establish lake bottom elevations (contours) along the proposed intake conduit route.  
Generally, the lake bottom, along the proposed conduit route, has a mild bottom slope of 
approximately 1.63 feet per 1000 feet. 
 
At this time, geotechnical studies of the lake bottom along the proposed route have not 
been performed for this conceptual design.  Two shore borings were performed in 2005 
and the results of these soil borings were included in a geotechnical report titled 
“Genesee County Raw Water Intake - Lake Shore Pumping Station - Phase 1 Subphase 
A” as prepared by Hanson Engineering, P.C., dated May 13, 2005.  Soil boring data from 
1962 have also been reviewed as part of this work. 
 
Based on the existing geotechnical information, it appears the intake conduit from the 
lakeshore to the crib can be constructed by the open cut method using conventional 
excavation means.  The soil materials at the open-cut elevations consist of primarily stiff 
gray clay with some fine sand.  Discussions with excavating contractors from 
southeastern Michigan indicated this work could be performed using long-stick backhoe 
or dredge line if large boulders are anticipated. 
 
However, prior to making a final decision on whether the intake conduit can be installed 
by open-cut or if tunneling is required, additional geotechnical investigations must be 
performed along the offshore alignment.  The findings of the offshore subsurface 
geotechnical investigation must take into account the following: 
 
 1) The soils are acceptable for open-cut construction. 
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 2) The levels of pollutant parameters are acceptable and are believed to be of 
no environmental concern with regard to open water dredging activity. 

 
 3) The necessary soil/rock properties that would be required to design the 

tunnel if open cut method is not feasible. 
 
4.1.1.2 - Potential Ice Formation  
 
The most frequent operational problem experienced with intakes in the Great Lakes is 
associated with the formation of ice, which reduces the hydraulic capacity of the facilities. 
Temporary shut down of the intake facility has been known to transpire as a direct result 
of ice formation on and/or inside the intake system.  
 
Great Lakes experience indicates that location and design features of submerged 
intakes can alleviate intake-icing problems. However, the problems may occur despite all 
precautions. It is common knowledge that the major ice formations of interest are 
characterized as sheet ice and frazil ice.  Sheet ice, which forms on the lake surface, will 
act as a shield to heat transfer and protect the water intake. Sheet ice is not expected to 
be a problem at the proposed intake site due to the water depth that is available.  
 
Frazil ice formation is a common phenomenon adversely affecting water intakes on the 
Great Lakes. Frazil ice crystals are known to form when the lake water is cooled below 
32oF. The phenomenon requires conditions of turbulence within the super cool water 
mass created either by currents, wind action or from withdrawing water at rates, which 
create critical velocities. Formation conditions are characterized by winds at 
approximately 10 miles per hour, clear skies contributing to high heat transfer rates for 
the water mass, air temperature below 19oF, water temperatures less than 32oF, and 
heat loss gradient of approximately 0.01oF per hour. In the active state of formation the 
crystals agglomerate into spongy masses, or slush ice, which have the capacity to 
adhere to surfaces. The formation and accretion processes are accelerated in the 
presence of materials of high thermal conductivity, such as steel, which will act to absorb 
the latent heat released during the ice formation process.  
 
Frazil ice and the resulting anchor ice formations on an intake structure are closely 
related to heat conduction, convection, and radiation of intake structure materials and 
entrance velocity. For that reason, the intake structure should be constructed of a 
material with low thermal conductivity such as wood, concrete, plastics or plastic covered 
steel in preference to plain steel to prevent the water from becoming super cooled and 
forming frazil ice.  Water passages/openings should be designed so that the entrance 
velocity does not exceed 0.25 foot per second during the winter conditions. 
 
4.1.1.3 - Lake Currents 
 
The United States Department of Commerce’s National Oceanic and Atmospheric 
Administration and Ontario Department of Lands and Forests have conducted several 
investigations on water currents in Lake Huron in conjunction with the University of 



Page 3 of 24 

Michigan. From these reports, it is apparent there is a constant supply of changing water 
to the vicinity of the proposed intake structure from Lake Michigan and Lake Superior. 
The dominant surface water flow patterns by-pass Saginaw Bay and the peninsula. 
 
4.1.1.4 - Shipping Channel and Freighter Drafts  
 
During the previous evaluations of the proposed intake conduit route crib location, two 
items were discovered that warranted further investigation.  These items were: 1) 
location of the easterly limit of the up bound shipping lane would put the intake crib in a 
shipping lane route and 2) if the intake is located in the shipping lane, then the ship’s 
draft must be taken into account. 
 
In an effort to evaluate these concerns, a meeting was held with the following individuals 
to ascertain what information may be available on these issues.  The record information 
on this meeting is provided as follows. 
 

“After researching and conversations with the Port Huron Lake Pilots 
Association, Mr. Bob Lafean (retired U.S.C.G. and former commander of 
the Port Huron facility) and Mr. Rick Harkins (Vice President-Operations, 
Lake Carrier’s Association), the following information was obtained about 
the above referenced subjects: 

 
The Upbound and Downbound courses as shown on the N.O.A.A. National 
Charts for lower Lake Huron are the recommended courses by both the 
U.S. and Canadian Lake Carrier’s Association. Although most freighters 
attempt to stay on the course lines, there is nothing “cast in stone” which 
would mandate staying even within a reasonable distance each side of the 
shown courses. Obviously, wind and weather conditions sometimes will 
dictate routes upbound and downbound. It was also noted that some of the 
older and more experienced Great Lakes Captains navigate based on their 
experience more so than trusting their navigation equipment. Both Mr. 
Lafean and Mr. Harkins pointed out that regardless of where we were 
(except in the coastal shallow waters), there is not an area or zone where 
we could locate which would not have potential of a freighter over top of the 
intake. Our planned intake area is not a normal zone for anchoring. 
However, should a ship be in distress, anchorage could occur. 

 
The Lake Carrier’s Association states that the freighters on the Great 
Lakes draft between 26 and 28 feet below existing water level, which is 
consistent from Mr. Lafean and the Lake Pilots Association. U.S. flagged 
freighters on the Great Lakes range in length from 383 to 1,013.5 feet and 
there is not a correlation between length and draft depth. The primary 
cargo within the Great Lakes system is iron ore, stone and coal as well as 
smaller volumes of cement, salt, sand, grain and liquid-bulk products. 

 



Page 4 of 24 

Based on the preceding and for purposes for this technical memorandum, the following 
parameters were used for locating the intake: 
 
 1) Depth - Minimum of 30 feet from lake surface to top of crib to account for 

ship draft. 
 
 2) Distance from shore - Less than four miles since the shipping lanes are 

recommended and not mandatory. 
 
4.1.1.5 - Quality of Lake Huron Water Supply 
 
Water quality sampling was conducted on September 15, 2004, November 9, 2004 and 
May 19, 2005, at two and three-mile locations from the shore, to determine the quality of 
Lake Huron water for the proposed raw water intake structure.  Both sites were sampled 
three times in order to represent seasonal variations in the lake.  At each site, the water 
was sampled at approximately eight feet from the bottom and eight feet below the 
surface.  NAD83 Geographic coordinates of the sites are provided in Table 4 -1. 
 

Table 4 - 1 
 

Location Latitude Longitude State Plane (N) State Plane (E) 

Site 1 - Two Miles 43o 10' 24.2062" 82o 27' 53.5531" 615,654.02 13,630,615.18 

Site 2 - Three Miles 43o 10' 27.2213" 82o 26' 32.6820" 616,005.33 13,636,598.93 
 
 
The water quality data obtained from the sampling program indicated the following: 
 
 1) small seasonal variability in the measured physical/chemical parameters 
 
 2) small physical/chemical variability between the two sites 
 
 3) small physical/chemical variability with water depth 
 
 4) no measured contaminants exceeding the USEPA SDWA MCLs 
 
 5) no physical/chemical characteristics which would indicate water that is 

especially difficult to treat 
 
 6) quality is consistent with historical records from DWSD, Lexington and 

Saginaw-Midland Municipal Water Supply Corporation 
 
 7) excellent water quality source 
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In conclusion, no observed physical/chemical characteristics at either site, at either 
depth, or over any season, would require any special attention in the treatment design 
process.   
 
 
4.1.2 - Type of Intake Structure 
 
At this time a single inlet structure is proposed to be located so as to minimize lake 
bottom sand ingested and ice formation. Experience has shown to reduce the potential 
of ice formation on an intake structure is to minimize the transport of ice into the intake 
by strong inlet velocity near the inlet. Therefore, an inlet structure with as large port 
openings will be designed to provide inlet velocities 0.25 foot per second or less, under 
anticipated winter water demand, to minimize potential interference from anchor ice 
formation due to frazil ice.  
 
The inlet structure is proposed to be constructed of wood, to discourage the formation of 
ice on its surface. Timber is the most common construction material as the low thermal 
conductivity of wood is a valuable characteristic in avoiding ice formations, which may 
interfere with intake capacity.  
 
Several lake intakes along the west shore of Lake Michigan do not utilize timber intake 
structures. The cities of Racine, Wisconsin; Green Bay, Wisconsin and Evanston, 
Illinois, Gary, Indiana, Sheboygan, Wisconsin for example, have hydraulically balanced 
lake intakes cones.  They consist of inlet cones, equally spaced connected to a cross at 
the inlet end of the intake conduit.  Each inlet is equidistant from the terminating cross 
and, therefore, provides equal head loss and equal entry velocity, thereby eliminating an 
unbalance in inlet conditions.  These types of inlets require grating to protect the inlets 
from debris.  Icing problems have been experienced probably due to high winter water 
demand relative to the maximum design quantities and/or because they are located in 
relatively shallow waters. Lake bottom sediments, such as sand accumulation have 
been recorded at the bottom of the vertical intake pipe, probably due to significant 
movement of sand and silt near the intake ports. 
 
The type of intake structure design proven to be the most successful for continuous 
day-to-day operation in the Great Lakes is the wood crib type structure.  These types of 
inlet structures have peripheral multi-inlet ports, which allow the water to enter the 
structure at low velocities and accelerate slowly towards a central inlet connected to the 
intake shaft. The proposed inlet structure will most likely be an eight-sided shaped 
structure for economy in construction.  The inlet ports will be located approximately 10 
feet above lake bottom to minimize the entrance of sediments.  The size of these inlet 
ports will be controlled so the inlet velocity will be 0.25 fps for winter flows and 0.5 fps 
for summer flows.  The largest area required to meet both conditions will determine the 
inlet port size.  A crib designed for 200 MGD maximum flow and for 83 MGD minimum 
flow will be 80 feet by 80 feet in size. 
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The proposed inlet structure would be built on shore of mainly 12" by 12", No. 1 
Structural, RC, Heavy, Douglas Fir timbers, bolted together and designed to be floated 
to the site before setting over the intake shaft. Its design should be that it would have 
slight buoyancy; the freeboard above the water should desirably be small so as to 
facilitate towing to position with a minimum of wind and wave interference.  
 
Once at the site, the intake structure would be lowered to its final position weighted, with 
concrete and crushed rock, and firmly bedded on a crushed stone mat on the lake 
bottom and directly above the intake shaft. Blocks of concrete or rock of varying sizes 
will surround the intake structure. The structure would surround a bell-mouth pipe, 
which is connected to the intake conduit. 
 
There is little practical data on the impact of waves relative to the generation of forces, 
such as lakebed shear and frictional dissipation, on submerged structures. However the 
data does indicate that the crib would be subjected to hydrodynamic forces created by 
wave influence and currents estimated at between 0.2 to 0.5 feet per second.   Based 
on experience with intake structures, as proposed herewith, it is not anticipated that 
these forces would be significant in relation to the mass of a wooden intake structure 
with concrete and stone ballast and surrounded by concrete blocks and armor rock. The 
crib should be designed for a wave of 25 to 30 feet with a return period of 100 years.  
The maximum horizontal velocities of the oscillating motion just above the lake bottom 
will be between five and six feet per second during this design wave.  According to tests 
conducted at the U.S. Waterways Experiment Station on rubble mound breakers, 
stones placed on a 2 to 1 slope will need to weigh only about ten pounds to resist these 
velocities. It is proposed to use rubble containing a variety of sizes to avoid large 
interstitial spaces and thus prevent high velocities from penetrating the mound to the 
structure. If the stones were of a nearly uniform size, sand would leach out from under 
the crib.   Horizontal forces on the walls, projecting five feet above the lake bottom, will 
primarily be the drag type. The magnitude of the force will be about 500 pounds per foot 
of length. This value represents the most extreme assumptions as to a drag coefficient.  
The proposed intake structure would have a dead weight and protective ballast of 
approximately 1800 tons. 
 
4.1.3 - Capacity of the Intake Conduit  
 
Intake conduit capacity should be provided for the maximum demand for the design 
selected period and this capacity should be available at the recorded lowest lake water 
level of 576.05 IGLD 85 (Mar. 1964).  
 
The capacity of the intake is determined by its allowable draw-down which will occur at 
the shore shaft or pump suction well. General practice is to design intakes with an 
allowable draw-down in the range of 15 to 20 feet. This maximum draw-down allows for 
the construction of a shore shaft or pump suction well without an excessively deep 
excavation. The depth of the shore shaft or pump suction well must be deep enough to 
provide for the intake draw-down and the proper submergence on the pumping 
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equipment. The usual required submergence is in the range of at least 10 feet over 
pumping equipment suction in order to avoid cavitation.  
 
Standard practice of design for water transmission conduits is to use a design friction 
factor of ‘C’ of approximately 120.  While it is specifically understood that commercially 
manufactured pipe will have an effective ‘C’ value of approximately 140 or better, 
prudent design and regulatory requirements generally recommend a lower value to 
allow for reduction to deposits on the pipe wall.  Frequent testing on a number of intakes 
located on the Great Lakes have shown effective ‘C’ values of 125 to 136 after 50+ 
years of service.  Based on this information, a design ‘C’ value of 120 is recommended 
for this project.  One issue that has a direct effect on the hydraulic capacity of the 
pipeline is the infestation of zebra mussels. 
 
4.1.4 - Zebra Mussels  
 
4.1.4.1 - General 
 
Since their initial invasion around 1986, zebra mussels have caused havoc for water 
intakes on the Great Lakes.  Many water utilities spent hundreds of thousands of dollars 
in the early 1990's to retrofit their intake facilities to prevent their colonization by these 
small mollusks. 
 
A zebra mussel infestation affects flow through an intake in two ways.  First, the 
presence of the zebra mussels creates a rougher interior pipe surface, increasing the 
hydraulic friction.  Secondly, the growth of the zebra mussel layer reduces the flow area 
of the conduit.  Even if the zebra mussels are dead, their shells generally remain firmly 
attached to the substrate for many years. 
 
The apparent Hazen-Williams “C” factors have been back-calculated from testing 
performed on existing intakes.  As would be expected, the initial “C” factors for the 
intake pipelines are approximately 140.  This equates to an average surface rougosity 
of 0.0005 feet.  As calculated, this apparent “C” value drops to approximately 90 over 
the first two years of infestation.  This represents a reduction in intake capacity to 
approximately 70% of the initial capacity.  Over a period in excess of ten years the 
intake pipeline “C” value would be expected to stabilize at a value of approximately 60.  
This would represent a capacity of less than 40% of the initial capacity. 
 
4.1.4.2 - Preventive Zebra Mussel Control Systems  
 
An alternative to accepting zebra mussel infestation and suffering the consequent 
degradation in flow capacity is the installation of some type of zebra mussel 
control/discouragement system.  To date, no universally accepted Zebra Mussel control 
method has been identified.  Although numerous control methods have been installed, 
tested, and proven effective, many are limited in applicability by the physical 
arrangement of potable water intake systems.  The methods that are physically 
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adaptable, also must not impart any toxic or aesthetic effects that are not easily 
reversible by the normal water treatment process.  
 
Application of chemicals at the intake has been the most popular zebra mussel control 
technique among potable water utilities.  Numerous chemicals have been tested for this 
purpose, although only a few have been utilized in actual practice.  Generally the 
chemical is applied through a solution pipe installed within or adjacent to the intake 
pipeline, which connects the onshore chemical feed facilities with diffusers installed at 
the lake bottom intake structure.  The diffusers are normally situated so that all applied 
chemical is drawn into the intake with the inflowing water, and none escapes into the 
lake.  The following paragraphs describe a number of chemicals that have proven 
beneficial for zebra mussel control. 
 
Chlorination has been found to be an effective control technique.  One advantage of 
chlorine is that it is a standard waterworks chemical, its use is widespread and one of 
the most acceptable of the available chemicals. Further, at some point in the treatment 
process, chlorination will be performed.  Chlorination has the additional advantage that 
a blanket USEPA/Corps of Engineers permit exists for its use to control zebra mussels.  
Use of any other chemical would require an individual permit review.  Also, chlorine will 
assist in the control of algae in the lake conduit and help maintain the “C” values.  
 
Permanganate has been found to be effective in controlling zebra mussels. Early testing 
suggested that unacceptably high doses of permanganate were required to kill zebra 
mussels.  However, field trials have shown that dosages of 0.25 to 0.35 mg/l prevent 
infestation.  It is assumed that even though these dosages do not kill the mussels, they 
make the environment sufficiently disagreeable that the mussels choose not to settle.  
Permanganate does not produce regulated disinfection byproducts.  This chemical is 
more expensive compared to either chlorine or sodium hypochlorite, but the lower 
dosage requirement partially compensates for that cost difference. A disadvantage in 
choosing potassium permanganate is that it is both a hazardous chemical and a fire 
hazard. Problems arise with the disposal of the empty drums and also extreme care is 
needed in the handling and transporting of this chemical.  However, these problems 
have, to a large extent, been eliminated by the production of liquid sodium 
permanganate.  And like chlorine, sodium permanganate will control algae and maintain 
pipeline “C” factors. 
 
4.1.4.3 - Recommended Zebra Mussel Control System  
 
Taking into account chemical costs, system maintenance and handling issues, the most 
viable and cost-effective option is a zebra mussel control system utilizing chemical 
application of sodium permanganate.  
 
Chemical solution would be conveyed to the intake structure through polyethylene pipes 
installed within the proposed intake conduit. The installed pipelines would consist of two 
polyethylene pipelines; one chemical line would be used to convey chemical solution 
while the other would serve as a spare. 
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At the intake structure, diffusers of the multiple orifice type would be installed along the 
inner and outer lips of the peripheral intake ports. Applied chemical solution would be 
continuously drawn down into the intake bell mouth and spillage of chemical solution 
into the waters surrounding the intake exterior should not occur. In the event the Lake 
Huron Pumping Station discontinues pumping, the chemical feed pumps would 
automatically stop pumping, therefore the selected chemical would not be introduced 
into the surrounding waters.  
 
 
4.1.5 - Proposed Intake Structure  
 
4.1.5.1 - General 
 
Numerous factors must be considered in the selection of the proposed location as well 
as design and configuration of the lake intake structure. Of these the most significant 
are: 1) capital expenditures, 2) water quality, and 3) operation and maintenance. 
 
The lake intake structure should be placed in as deep of water as economically 
justifiable. This is based on the principle that the main source of lake pollution is 
normally from the shore. A deep-water intake far away from the shore will provide water 
with higher quality, thus is less expensive to treat. In addition, at such a location, the 
depth of sand and silt deposit would be less and therefore less likely to have significant 
impact on the intake structure or interfere with the operation of the intake.  Furthermore, 
such an area has the potential for lowest concentration of frazil ice. 
 
Previous studies on existing intakes in the Great Lakes area reported that the dividing 
line between frequent and infrequent ice stoppages in the Great Lakes, particularly in 
Lakes Michigan and Huron, appears to be at submergence between 30 and 40 feet. In 
all cases, where the surface water was frozen, intakes were free from ice problems. In 
most cases where the water depth to the top of the crib inlets was less than thirty (30) 
feet, frazil and/or anchor ice had created operating difficulties during some seasons 
under certain extreme weather conditions.  In all cases where the depth equaled or 
exceeded forty (40) feet, cribs were operated without ice stoppages.  
 
Based on the considerations of the factors discussed above, the most desirable location 
for the proposed intake structure would be in the deepest available section of the lake 
bottom at elevation 530 (IGLD 85) in 46 feet of water and still be outside the designated 
shipping lane.  However, due to the significant increase in capital expenditures that 
would be required, it is recommended to select a location closer to shore. 
 
The recommended location for the intake structure would be approximately 17,000 feet 
from shore in a section of the lake with a relatively flat bottom at approximate elevation 
536 (IGLD 85) in 40 feet of water. 
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A single submerged intake structure with multi-inlets and peripheral ports would be set 
at about ten (10) feet above lake bottom to avoid possible poorer quality water and to 
reduce the prospect of drawing water affected by re-suspension of lake sediments by 
wave action. The expected water depth over the intake structure would be 
approximately thirty (30) feet. At this depth, interference with pleasure boats or 
commercial ships that may stray from the designated shipping lanes should not be a 
problem. However, potential frazil ice problems should be anticipated. 
 
Several methods have been known to be successful in mitigating ice formations at 
various intakes in the Great Lakes. For example: 

 
1) Stop pumping or at least reduce the withdrawal rate until ice melts, or  

  
2) Send divers to brake-up the ice formation, or 

  
3) Back flush the intake system from a designated water storage facility. 

 
All of these are viable solutions.  If the intake structure cannot be located with at least 
40 feet of water over the crib, a back-up plan should be in place in the event of ice 
problems.  Back flushing of the intake system by pumping or use of water stored in 
elevated tanks or reservoirs is a frequently used procedure, however, it is not 
consistently successful and it wastes water. It has sometimes been possible to clear 
partially clogged intake ports by a method termed “control drawdown”, which involves 
throttling the intake-well pumps and maintaining reduced intake flow. Under some 
conditions this flow may be sufficient to erode ice bridges at the ports and restore intake 
capacity.  
 
4.1.5.2 - Intake Conduit 
 
As previously discussed, there are two methods available for installing an intake 
conduit, open cut or tunneling.  For this project, three alternatives are available, 
including, 1) open cut, 2) soft ground tunnel and 3) rock tunnel.  In order to make a final 
determination on the most cost effective method of installation, geotechnical borings 
must be made into the lake bottom at several locations along the proposed route to 
obtain samples for laboratory testing and analysis. Engineering properties of the 
materials encountered will then used to analyze the various options.  As previously 
discussed, the preliminary geotechnical investigation of the soil conditions encountered 
in the 2005 shore borings and the 1962 data, indicate that open cut construction is 
feasible.  However, this assumes that the soil conditions of the lake bottom are 
consistent with the existing information. 
 
4.1.5.2.1 - Open Cut Method 
 
Assuming the lake bottom is favorable for open cut construction, from the shoreline to 
the shore shaft the ground is approximately twenty feet above lake level. Open trench 
construction would be very deep and would destroy a substantial area of highly 
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desirable lakefront property. It is proposed, as an alternative to open cut construction, to 
construct the intake conduit in a tunnel from the shoreline to the shore shaft, thereby, 
avoiding damaging the existing surface.  
 
The intake conduit, which extends from the lake intake crib to the shore, is proposed to 
be built on a grade following the natural slope of the lake bottom but avoid constructing 
any high points in the conduit. Because of the dissolved gases in the lake water, if there 
is a high point in the line it could possibly cause a partial blockage and thereby reduce 
the capacity of the intake conduit.  
 
For open cut installation, the general practice is to construct the intake conduit in a 
trench along the lake bottom and to provide approximately four feet of cover over the 
pipeline.  Soil permitting, it is proposed to install the pipe in open trench with a minimum 
cover of four feet. The total volume of trench excavation will be influenced by the 
geotechnical investigative results. Depending on trench conditions, foundation blocking 
with timber sills and chocks may be required for the installation to set the grade of the 
conduit.  Granular material, such as pea gravel, will be used for bedding and backfilling 
along the pipeline from the trench bottom to one foot above the top of the conduit. 
Suitable excavated material would be used to fill the remaining portions of the trench up 
to the existing lake bottom level and for protection the trench is then covered with 
approximately two feet of rock. 
 
As previously indicated, the erosive forces beyond the breaker zone (lakeward) will only 
be those resulting from velocities between five and six feet per second.  Stones 
weighing a minimum of about ten pounds will be placed in this area to resist these 
velocities. Much more severe conditions will occur in the breaker zone. In this zone, 
water velocities become very large and the turbulence created by the breaking waves is 
exceedingly violent. Waves break at depths equal to or somewhat greater than the 
height of the breakers. If it is assumed that breakers as high as 14 feet will occur, then 
the breaker zone may extend out to a depth of 20 feet. In the region of water depths 
varying from 0 feet to 20 feet, the stone ditch cover may then have to be made up of 
stones weighing from 1000 to 1500 pounds each. 
 
4.1.5.2.2 - Tunnel Method 
 
If the soil conditions are such the intake conduit cannot be constructed using an open 
cut method, then the intake conduit will be constructed as a tunnel. Additional 
information will be presented on the installation by tunneling once the geotechnical 
testing is performed.  
 
4.1.5.2.2.1 - Soft Ground Tunnel 
 
For the soft ground tunnel option there are a number of technical issues that must be 
addressed in order to construct the tunnel.  To maintain an adequate depth below the 
lake bottom, the tunnel elevation must be below elevation 520.  The soils encountered 
at this depth in the shore borings consist of glacial till which contains silty clays, silty 
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sands, fine to medium sands, gravel and sand mixtures and boulders.  Due to the 
granular nature of these materials, groundwater control must be provided.  While all of 
these issues can be addressed, the mitigation methods are expensive and the potential 
for problems and failures during the tunneling operations are high.  These issues are 
discussed in more detail in the Hanson report.  Based on these findings and unless 
different geotechnical conditions are encountered during the lake borings, it is 
recommended that the soft ground tunnel option be eliminated from further 
consideration. 
 
4.1.5.2.2.2 - Rock Tunnel 
 
If tunneling is required, based on the findings from the geotechnical investigations from 
the shore borings, then tunnel construction in the shale is recommended.  The elevation 
of the rock tunnel would be located approximately 170 feet below boring grade.  At this 
elevation, a sufficient thickness of rock will be present to mitigate poor rock quality and 
potential groundwater issues.  As discussed in more detail in the Hanson report, the 
strength and hardness of the shale indicated the rock is favorable for typical tunnel 
construction and no adverse impacts to the tunnel construction are expected. 
 
It is a known fact this shale contains differing levels of methane gas and that during the 
construction of the DWSD Port Huron intake a deadly explosion occurred.  Based on 
discussions with a tunneling contractor from southeast Michigan, the use of modern 
closed faced tunnel boring machines, equipped with a gas monitoring system and 
automatic shutdowns devices, greatly improves safety during the tunnel operations.  In 
addition, it is recommended that a single pass, segmented concrete liner be installed as 
the tunnel construction progresses to mitigate gas permeation from the exposed rock 
face.  However, cost impacts associated with gaseous conditions increase as the levels 
of gas increase.  Based on the preceding, the rock tunnel option should only be 
considered if the soil conditions preclude the open cut method. 
 
4.1.5.3 - Available Pipe Materials 
 
For the open cut construction, the two most suitable materials for the large diameter 
pipeline, as anticipated for this project, would be prestressed concrete cylinder pressure 
pipe and steel pipe. 
 
The joints for the two pipe materials considered would be subaqueous joints consisting 
of steel spigot and bell ring and a rubber gasket with a joint assembly harness system. 
A rubber gasket would seal the joints so that the joint will remain tight under all 
conditions of service, including slight movement due to expansion, contraction and 
normal settlement.  
 
Each length of pipe would be provided with bell and spigot ends formed by steel joint 
rings securely fastened in the pipe wall. Portions of the joints rings, which are exposed 
after the pipe is manufactured, will be protected from corrosion by an epoxy coating.  
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Prestressed concrete cylinder pressure pipe is a composite structure that consists of the 
following principal elements: concrete core, steel cylinder and joint rings, high tensile 
wire and cements mortar lining.  The concrete and steel cylinder core is prestressed by 
helically wrapping a high strength steel wire under tension. This wire is then covered 
with a cement mortar coating. The current AWWA standards for prestressed concrete 
cylinder pipe are C301 and C304 and Manual M9 for design. 
 
For prestressed concrete cylinder pressure pipe mortar coating provides a practical 
method of physical and chemical protection for the steel reinforcement and the 
prestressing wire. Additional protective, including epoxy paints and PVC sheet, are 
available but these measures are not considered necessary for the proposed project.  
 
Steel pipe is produced by forming a steel cylinder either spirally from coils or 
circumferentially from plates. The current AWWA standard for steel water pipe is C200 
and Manual M11 for design. 
 
There are several coating and lining options for steel pipe installed in a sub-aqueous 
environment. It is recommended use an AWWA C222 polyurethane coating for the pipe 
with an abrasion resistant ceramic epoxy lining complying with AWWA C210 and NSF 
61. 
 
4.1.5.4 - Intake Conduit Size 
 
Based on the preceding with a flow of 200 MGD and limiting the headloss to 15 feet at a 
design “C” value of 120, the intake pipeline diameter will be 102".  If 20 feet of headloss 
is allowed then the intake pipe size can be reduced to 96".  The savings in pipeline cost 
will more than offset the additional excavation and caisson costs for the shore well, see 
Figure 4-1.  Access manholes should be provided at approximately 1,500 feet intervals 
along the length of the conduit to facilitate inspection and maintenance of the intake 
system.  
 
4.1.6 – Intake Conclusions and Recommendations 
 
Based on the proceeding, the following conclusions and recommendations are 
presented for your consideration: 
 

 1) Water quality testing results indicate that the proposed location for the crib 
will provide an excellent source of water that can be treated economically. 

 
 2) The preliminary geotechnical studies show that open cut installation is 

feasible. 
 

 3) For a 200 MGD required flow the recommended nominal pipeline diameter 
inches is 96 inches. 
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 4) A timber crib is recommended with an approximate size of 80 feet by 80 
feet. 

 
 5) The crib should be located at pipeline station 170+00 in about 40 feet of 

water depth. 
 

 6) Zebra Mussel control system piping should be installed during initial 
construction even if the chemical feed systems is not required/installed 
during initial construction.  

 
 7) A back flushing frazil ice mitigation system should be included.  

 
 8) Geotechnical evaluations of the lake sediments should be performed to 

finalize the pipeline installation method. 
 

 9) Sufficient time should be allotted for the necessary permitting process and 
construction details will have to be coordinated with the various agencies. 

 
4.2 – Lake Huron Pumping Station 
 
4.2.1 - General 
  
The purpose of this section is to provide conclusions and recommendations for the 
layout and configuration of the Lake Huron Pumping Station.  For the preparation of this 
Technical Memorandum, certain assumptions have been made in conjunction with staff 
and data supplied by other consultants.  These assumptions include: 
 
 1) Design shorewell and structure foundations for capacity of 200 MGD. 
 
 2) Super structures and water storage reservoirs are sized for 104 MGD. 
 
 3) Installed pumping equipment will provide a firm rated capacity of 74 MGD  
 
 4) Discharge pipeline diameter of 72 inches and approximately 37 miles in 

length. 
 
 5) Pipeline will discharge into a raw water storage reservoir with a fixed 

discharge head elevation of 880 feet. 
 
 6) Minimum water surface elevation of 576 feet for Lake Huron. 
 
 7) Constant speed pumps would be used and only if necessary evaluate 

variable frequency drives (VFDs). 
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4.2.2 - Evaluation of Pump Station Location 
 
GCDC-DWWS purchased approximately 230+ acres of property located west of Lake 
Shore Drive and north of Fisher Road in Sanilac County, Michigan for the purposes of 
locating a raw water delivery system.  The DWWS also owns property to the east of 
Lake Shore Drive that extends from the east right-of-way of Lake Shore Drive to the 
shore of Lake Huron.  This parcel of property, with a width of about 337 feet, provides 
access to the lake for the intake conduit.  The centerline of the proposed intake conduit 
is located in the center of the east parcel which is approximately 1,300 feet north of the 
intersection of Lake Shore Drive and north of Fisher Road.  
 
In general, the east property gently slopes from west to east from the road right-of-way 
at an elevation of 605 feet for approximately 480 feet to an elevation of 594 feet.  At this 
point the grade drops rapidly to the shore of Lake Huron with a water surface elevation 
of about 578± feet.  It is our understanding that the intended purpose for this piece of 
property is strictly limited to the installation of the intake pipeline and that no above 
ground structures/facilities will be located east of Lake Shore Drive. 
 
The west parcel is located north of Fisher Road and east of Lake Shore Drive extending 
west to St. Clair Road.  A creek passes through the eastern section of the property 
approximately 600 feet west of Lake Shore Drive along the proposed intake conduit 
centerline. 
 
Generally, the eastern portion of the west parcel (Site) slopes gently east to west over 
an approximate distance of 600 feet from Lake Shore Drive at an elevation of 605 feet 
to the creek bank at an elevation of about 595 feet.  The Site has sufficient area to 
locate the pumping station; however one limiting concern is the potential for flooding 
along the creek.  Numerous attempts were made to obtain flood elevations for this 
section of the creek, but none of the attempts were successful.  While the pump station 
floor elevation can been set above the Fisher Road elevation at the creek to avoid 
potential flooding issues, there may be potential regulatory impact if the flood plain is 
impacted due to fill requirements. 
 
The Site offers several advantages, primarily its close proximity to Lake Shore Drive, 
which reduces access cost and the short distance for the intake conduit connection.  
However, there are several distinct disadvantages, other than the potential flood issue, 
to locating the pumping station on this Site.  Due to the existing topography, the site will 
not yield sufficient material to balance the cut and fill, therefore requiring a significant 
quantity of select backfill delivered to the site.  A non-technical issue that the KWA staff 
may wish to consider is the aesthetics of locating the pumping station along Lake Shore 
Drive.  The height of the structures will be an imposing view which may result in a 
negative public reaction.  While decorative landscaping and architectural treatments will 
mitigate the appearance issues, the structure height cannot be addressed by these 
approaches. 
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4.2.2 - Pump Station Design Concept 
 
4.2.2.1 - General Concepts 
 
The design of the pumping station is largely based on the type of pumping equipment 
that is selected.  For this type of pumping station there are two types of pumps that can 
be used, specifically vertical turbine and split case centrifugal pumps.  As would be 
anticipated, there are trade-offs in the design based on the selected pumps.  These 
trades-offs included capital costs, operation and maintenance costs and system 
reliability.  The decision on which type of pump to use should focus on the owner’s 
preference and the staff’s ability to operate and maintain the equipment.  Regardless of 
the type of equipment selected, the final design and selection of the pumping equipment 
must include a detailed evaluation of the total life cycle cost.  The operation of pumps is 
sensitive to the cost of electrical power, therefore, minor differences in the “wire to 
water” efficiencies of competing manufacturers becomes large differential cost when 
evaluated over the long useful life of this equipment. 
 
Obviously, the design of a pumping station involves many other issues other than the 
selection of the pumping equipment.  These issues include locating the pump suction 
with sufficient submergence below operating water level surface, redundancy of 
operation to allow for planned or emergency maintenance, suction piping and sump 
design in accordance with the Hydraulic Institute standards, transient mitigation and 
control, the hydraulics of the discharge piping, and control system. 
 
During the course of the 2005 study, numerous pump station configurations with vertical 
turbine, horizontal split-case centrifugal and vertically mounted split-case centrifugal 
pumps were developed and discussed.  These discussions resulted in a conceptual 
design that included the use of a shorewell as a low lift pump wetwell, vertical turbine 
low lift pumps discharging into two raw water reservoirs and horizontal split-case 
centrifugal pumps for high service pumping.  Figure 4-2 shows the hydraulic profile of 
the proposed pumping station.  The following sections will further describe the 
conceptual design. 
 
4.2.2.2 - Shorewell and Low Lift Pumps 
 
As part of the construction of the intake conduit tunnel, from the pumping station site 
toward the lake, a shaft will be required to initiate the boring operation with the tunnel 
boring machine.  In lieu of constructing a temporary shaft, it is recommended to 
construct a permanent shaft that will serve as a shorewell and be incorporated into the 
pumping station design.  While the diameter of this permanent shaft will be larger than 
that necessary for the tunneling operation, the resulting cost savings should be 
considered. 
 
This shorewell will serve other purposes besides as a suction well for the low lift pumps.  
The structure will house the traveling screens to protect the system from debris and fish.  
Also, the valve to isolate the intake conduit and crib would also be housed at this  
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location.  This structure will be divided into two parallel trains to allow for periodic 
maintenance and will also contain the piping and valves for backflushing the intake. 
 
An additional feature is this shorewell must be designed to dissipate surges which can 
occur in the intake conduit if the flow of water is suddenly stopped. This may happen 
during a power loss or when the low lift pumps are shut-down. The shorewell or pump 
suction well will require an attached retention basin which will allow the surge to 
dissipate into the retention basin and then returned back into the shorewell by gravity. 
 
As covered in the intake section of this report, the depth of this structure must account 
for the low lake level, the headloss in the intake conduit and also provide sufficient 
submergence on the pumps to prevent cavitation and/or vortexing.  Using a low lake 
level of elevation 576 with 20 feet of allowable headloss in the intake piping, and three 
feet of headloss across the traveling screens results in a operational water surface 
elevation of 553 feet.  Allowing for 10 feet of submergence over the pumps bowls, pump 
length and appropriate distance from the pump suction bell to the floor will establish a 
base slab elevation of approximately 535 feet.  Using a ground floor slab elevation of 
602, the depth of this structure is approximately 67 feet.  This depth may be modified 
depending on final design and equipment selection. 
 
In order to provide sufficient room for the pumps, traveling screens, backflushing 
system, surge protection and the intake isolation valve, the inside diameter of the 
shorewell will be approximately 76 feet.  It is proposed to construct the shaft as a 
concrete caisson.  Obviously, there is insufficient geotechnical information to complete 
the design of this structure.  However, based on current information, it is estimated that 
the structure walls will be about four feet in thickness. 
 
The low lift pump station would be constructed on top of the shorewell at 602 feet.  This 
station would house three vertical turbine pumps, each with a nominal capacity of 37 
MGD @ 85 feet TDH, for a combined rated capacity of 74 MGD with one unit out of 
service and space for the installation of three additional pumps of various sizes for 
future expansion.  Each pump will discharge through header pipes to the onsite storage 
reservoirs.  Each reservoir will have a rise well to maintain a constant discharge head 
on the pumps.  The fixed discharge condition will minimize the fluctuation in the TDH, 
thereby allowing the use of constant speed vertical turbine pumps.  Each of the pumps 
would be equipped with isolation valves, a control valve, and an air release valve as 
well as appropriate monitoring sensors. 
 
The pump room floor layout has sufficient clearances and “lay down” room for 
pump/motor maintenance.  An overhead gantry crane is provided for pump/motor 
removal.  The pump discharge column shall be specified with segment lengths that will 
allow removal by the overhead crane.  This feature eliminates the need for roof 
openings and crane rental for pump maintenance.  It is recommended that the pump 
room be sound proofed. 
 



Page 18 of 24 

 4.2.2.3 - Raw Water Reservoirs 
 
Two 3.0 MG raw water reservoirs are proposed for the initial phase of this project with 
area provided for an additional 6.0 MG for future expansion.  These reservoirs will 
receive the discharge from the low head vertical turbine pumps and will provide a 
suction head for the high service split case centrifugal pumps.  The proposed reservoirs 
will have 40 feet of SWD, with a high water level elevation of 640 and a low water 
operating level of 610.  These reservoirs are not designed to provide for long term 
supply but to provide sufficient storage for more even pump operation.  In addition, 
these reservoirs will provide sufficient water for backflushing the intake and back-up 
storage for the proposed Sanilac County water treatment plant. 
 
4.2.2.4 - High Service Pump Analysis 
 
The preliminary analysis of the high service pumps required more assumptions 
associated with the discharge parameters than those associated with the low lift pumps.  
High service pump selection involves the development of system head curves in order 
to make even a preliminary pump selection for layout.  In an effort to maintain 
consistency within the team, the same discharge pipeline diameter and length were 
used as well as the anticipated static head difference  
 
Standard practice of design for water transmission mains is to use a Hazen-Williams 
friction factor “C” value in the range of 100 to 120.  For many years, standard of practice 
as recommended by numerous design references indicated a “C” value of 100 should 
be used to allow for degradation of the pipe “smoothness” due to deposits on the pipe 
wall.  However, due to improvements in controlling water quality factors and based on 
numerous in-situ test results have shown that a “C” factor of 100 is no longer a 
reasonable assumption, especially in large diameter, over 24 inches, pipe. 
 
As previously indicated, most design professionals and regulatory agencies use or 
require the use of a “C” in the range of 100 to 120 for cement mortar lined pipe.  Some 
regulatory agencies allow the use of higher values, up to 140, for plastic or plastic lined 
pipe.  Regardless of the “C” value selected for design, it must be remembered that 
commercially available, large diameter, centrifugally spun, cement mortar lined pipe will 
have an effective “C” of 140 or higher.  If this fact is ignored and a more typical value of 
100 to 120 is selected for the design and pump selection, the pumps will cavitate when 
initially placed into service due to the “flatter” system head curve.  This problem will 
continue until the effective “C” value is reduced to the design level. 
 
To illustrate this point, please refer to Figure 4-3.  As shown, three system head curves 
were developed using the hydraulic profile as previously referred to as Figure 4-2.  The 
following outlines the parameters use for each head curve: 
 
 1) High Reservoir Level - Static head of 240 feet, “C” of 140, pipe length of 

203,280 feet and a pipe diameter 72 inches. 
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 2) Average Reservoir Level - Static head of 255 feet, “C” of 120, pipe length 

of 203,280 feet and a pipe diameter 72 inches. 
 
 3) Low Reservoir Level - Static head of 270 feet, “C” of 100, pipe length of 

203,280 feet and a pipe diameter 72 inches. 
 
As indicated on Figure 4-3, the flow and resulting head results are shown in the 
following table. 

Table 4 - 4 
 

System Head Curve (ft)  

Flow (MGD) High Res. Avg. Res. Low Res. 

74 348 404 471 
 

As outlined in the above table, the large differences in the resulting pump heads, makes 
the selection of a split case centrifugal pump difficult since these types of pumps 
generally have a flatter curve.  For the purposes of this presentation, a Flow-Serve 
Model 600-LNN-1200 at 895 rpm pump was evaluated, since it was the best selection 
presented by four manufacturers.  This pump would have a nominal capacity of 37 MGD 
at the resulting TDH of 399 feet.  This pump model can be equipped with impellers 
ranging in size from 40 to 47.25 inches in diameter.  In order to meet the design point of 
74 MGD @ TDH of 399 feet, the impeller diameter for this pump would be 40.16 inches. 
 
Selection of pumping equipment is directly related to the discharge boundary conditions 
that determine the total dynamic head for the pumping system.  The choice of discharge 
pipe diameter, with all other conditions being equal, has a direct impact on the total 
dynamic head.  A pipe size selected based on flow velocity may be appropriate for the 
hydraulic conditions for conveying water, but may not represent the most cost effective 
selection for the total pumping system design.  This design approach becomes more 
important as the length of the discharge line increases.  Furthermore, the cost of 
electrical power must be factored into the design to account for the cost sensitivity of 
future power generation costs. 

 
For illustrative purposes, two pipe size alternatives were investigated in addition to the 
original 72" option.  Increasing the pipe diameter, with all other factors being equal, 
“flattens” the system head curve.  This “flattening” reduces the large differentials in the 
head requirements.  The results are outlined in the following table with the results for 
the 72" option shown for comparison. 
 
 
 
 

 



SYSTEM HEAD CURVE - 72 " PIPELINE

200

250

300

350

400

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

FLOW - MGD

H
EA

D
 - 

FT

ARL @ C=120 LRL @ C=100 HRL @ C=140

Figure 4-3



 

Page 20 of 24 

Table 4-5 
 

System Head Curve (ft) 

72" Option 78" Option 84" Option 

Flow 
(MGD) 

C=140
High 
Res 

C=120
Avg. 
Res. 

C=100
Low 
Res. 

C=140
High 
Res 

C=120
Avg. 
Res. 

C=100
Low 
Res. 

C=140
High 
Res 

C=120
Avg. 
Res. 

C=100
Low 
Res. 

74 348 404 471 313 357 406 291 327 365 
 

As indicated by the above data, the “flattening” of the system head curves allows the 
use of larger diameter impellers in the pumps without the use of VFDs or attempting to 
accurately forecast future water demands.  The Flow-Serve pump as referenced above 
will operate outside of its curve for the 72” and 84“ options and will operate well within 
the curve for the 78" option.  However, pumps equipped with variable frequency drives 
can easily operate within the head ranges of the 72" pipeline option. 
 
 4.2.2.5 - High Service Pump Selection 
 
For the purposes of this Technical Memorandum, the final selection of the pumps is not 
critical.  The conceptual design basis indicates the construction of the raw water 
pumping station can be modified to meet the required changes to incorporate any of the 
design approaches as outlined in the preceding.  The challenges as described can be 
addressed and cost effectively compared during the final design.   
 
The high lift pump station would be constructed to the west and adjacent to the low lift 
pump room.  This facility would house up to three split case horizontal pumps, each with 
a nominal capacity of 37 MGD @ 399 feet TDH, for a combined rated capacity of 74 
MGD with one unit out of service and space for the installation of three additional pumps 
of various sizes for expansion.  Each of the pump suctions will be connected to header 
pipes from the onsite storage reservoirs to maintain a positive suction head for NPSH 
requirements.  Each of the pumps would be equipped with isolation valves, a control 
valve, and an air release valve as well as appropriate monitoring sensors. 
 
As with the low lift pump room, the high service pump room floor layout has sufficient 
clearances and “lay down” room for pump/motor maintenance.  An overhead gantry 
crane is provided for pump/motor removal.  It is recommended that the pump room be 
sound proofed. 
 
The discharge piping is designed with dual headers with cross connections and 
appropriate valving to allow for isolation of either side for redundancy.  Each side of the 
header piping is protected by surge relief valves that will discharge back into the 
reservoir during transient conditions.  The room will also be protected from flooding, in 
the case of a piping failure, by drains that will discharge to the outside. 
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For this Technical Memorandum, the following ancillary facilities have been included: 
one office, control room and restrooms.  The non-personnel areas including electrical, 
mechanical, chemical and maintenance rooms are required for the functioning of the 
station.  One recommendation that is strongly suggested is that two electrical rooms 
and dual motor control centers (MCC) be provided.  In keeping with the redundancy 
requirements, separate electrical and control centers will keep the station in service if an 
electrical fire occurs in one of the areas. In stations where only one electrical room/MCC 
is provided, the redundancy is basically eliminated.  Due to the critical nature of this 
facility, the final design should include a detailed review of system back-ups and the 
ability to take each critical function out of service for maintenance and repair.  A detailed 
security evaluation should also be performed. 
 
4.2.3 - Pump Station Summary and Conclusions 
 
Based on the proceeding, the following conclusions and recommendations are 
presented for your consideration: 
 
 1) The shorewell used for the intake conduit construction should be 

incorporated into the pump station design as a sump for screening, surge 
relief and low lift pumping. 

 
 2) The design utilizes vertical turbine pumps for low lift service and horizontal 

split case centrifugal pumps for high lift service. 
 
 3) Raw water reservoirs are provided for low lift pump discharge and to 

provide flooded suction for the high lift pumps.  Water supply pumps for 
the proposed Sanilac County Water treatment plant will also take suction 
from these same reservoirs. 

 
 4) Detailed hydraulic analyses should be performed to determine the most 

cost effective combination of high service pumps and discharge pipeline 
options. 

 
 5) Due to the critical nature of this facility, the final design should include a 

detailed review of system back-ups and the ability to take each critical 
function out of service for maintenance and repair 

 
 6) A detailed security evaluation and design should also be performed prior 

to final design.  At a minimum the facility should be doubled fenced with 
automatic gates that will limit ingress to the area between the fence lines.  
Outer perimeter gates and fencing should be able to withstand a vehicular 
crash without compromising security.  The property should also be 
equipped with motion detectors, smoke and fire alarms, video surveillance 
cameras and recorders.  Emergency panic stations should be located 
throughout the facility for operator use. 
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 7) Process safety management assessment must be performed to evaluate 
treatment chemical selection. 

 
4.3 - Opinions of Cost 
 
4.3.1 - General 
  
The following opinions of cost have been prepared based on the conceptual designs as 
outlined in the previous sections of this report and compared with past costs from 
projects that are similar in scope and complexity.  Historical costs were trended to 
present costs using the Engineering News Record construction cost indices.  All of the 
following costs are based on a projected Engineering News Record cost index of 8688. 
 
4.3.2 - Intake 
 
The estimated costs for the intake are based on a design flow of 200 MGD, one 80' x 
80' timber intake crib, 17,000 feet of 96" diameter pipeline, and zebra mussel system 
chemical piping for sodium permanganate. 
 
 

Table 4-6 
 

Item Description Estimated Cost 

Timber Crib (228,000 BF) $1,336,000.00 

17,000 LF of 96" Intake Pipeline Open Cut 
Installation (from shore to crib) $36,720,000.00 

Zebra Mussel Control System Piping $1,650,000.00 

Sub Total $39,706,000.00 

15% Construction Contingency $5,956,000.00 

5% Design Contingency $1,985,000.00 

17% Engineering, Legal, Bond & Administrative $6,750,000.00 

Construction Total $54,397,000.00 
 

 
 
4.3.3 - Shorewell and Tunnel 
 
The proposed concrete caisson shorewell that will serve as the low lift pump suction 
wetwell would be constructed as part of the intake project.  This structure will serve as 
the construction shaft for the tunnel portion of the intake conduit from the pump station 
location to the shore of Lake Huron.  The estimated costs for the tunnel work associated 
with this item include the 96" carrier pipe, 120" diameter tunnel liner and the temporary 
receiving shaft located on the lakeshore.  



 

Page 23 of 24 

 
 

Table 4-7 
 

Item Description Estimated Cost 

Concrete Caisson Including Excavation and 
Internal Walls and Baffling $4,529,000.00 

96" Carrier Pipe in Tunnel (700 LF) $2,100,000.00 

Sub Total $6,629,000.00 

15% Construction Contingency $995,000.00 

5% Design Contingency $332,000.00 

17% Engineering, Legal, Bond & 
Administrative $1,126,900.00 

Construction Total $9,082,900.00 
 

 
 
 
4.3.4 – Lake Huron Pumping Station 
 
Costs for the pump station construction include the low and high lift pumping stations, 
two 3.0 million gallon reservoirs, the control building, chemical building and site 
improvements for a 74 MGD firm rated pumping capacity.  Additive costs for VFDs are 
also provided. 
 
 
 

Table 4-8 
 

Item Description Estimated Cost 

Lake Huron Pumping Station $29,100,000.00 

15% Construction Contingency $4,365,000.00 

5% Design Contingency $1,455,000.00 

17% Engineering, Legal, Bond & Administrative $4,947,000.00 

Construction Total $39,867,000.00 

Add Three VFDs for Horizontal Pumps $1,400,000.00 

Add (See Figure 4-4) for Architectural Tank Options $160,000 to $1,000,000 
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4.3.5 – Operation and Maintenance Costs 
 
Projected operation and maintenance expenses are outlined in Table 4-9 below. 
 

Table 4-9 
 

Projected Annual O&M Expenses (2014) 

Maintenance $313,500 

Labor 203,840 

Chemicals $57,260 

Power $1,141,000 

Residuals $36,000 

Depreciation $1,007,000 

 
 

 
4.4 – Construction Time  
 
The pump station and intake projects are time of year dependent and are interrelated.  
The off shore construction is time dependent and generally can be performed from May 
to October of each year, but allowances must be provided for lake and weather 
conditions.  If bids can be taken during the winter and the contract awarded in early 
spring, then time will be available for pipe manufacturing and delivery to the site for 
summer construction.  However, if pipe cannot be delivered for summer construction, 
then a season is lost for construction.  Based on the preceding the following 
construction time frames are presented for planning purposes. 
 
4.4.1 – Lake Huron Pump Station 
 
Shorewell, Temporary Receiving Shaft, Tunnel and 96” Pipe – 8 months 
Pumping Station, Storage Tanks, and Site Work – 24 months 
 
4.4.2 – Intake and Crib 
 
17,000 LF of 96” Pipe Submittals, Fabrication and Delivery – 6 months 
228,000 BF of Timber Delivery and Crib Construction – 7 months 
Crib Towing and Installation – 3 months (season and weather dependent) 
Pipe Installation from Shore to Crib – 12 to 15 months (season and weather dependent) 
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Appendix 5 - Transmission Main Route Considerations 
 
5.1 - General Route Information 
 
The general route of the transmission main, beginning at a parcel on Lake Huron, will proceed 
westerly to Genesee County and the City of Flint. Although a final route has yet to be 
determined for the transmission main, it will generally pass through St. Clair County and/or 
Sanilac County, Lapeer County, and finally Genesee County.  
 
The majority of the land along the proposed route from Lake Huron to Genesee County is rural 
in nature. St. Clair, Sanilac, and Lapeer Counties primarily consist of farmland with gently rolling 
hills. Genesee County has relatively flat terrain that is mostly wooded with some urban 
development in closer proximity to the City of Flint. The elevation between Lake Huron and 
Genesee County varies from a low of approximately 590 feet to a high of approximately 
975 feet. There are several high points between Lake Huron and Genesee County with the 
highest overall topography occurring in western Lapeer County.  
 
The anticipated water transmission system includes five (5) sections. These sections are 
generally described as the following. A schematic of the route is included at the end of this 
Technical Memorandum. 

 
1. Lake Huron Transmission Section – Proceeding from Lake Huron westerly to the 

proposed reservoir, which is anticipated to be located in Lapeer County. 
 
2. North and South Transmission Sections – Proceeding from the proposed 

reservoir via a northern route and via a southern route to the Genesee County 
Water Treatment Plant (WTP). It is anticipated that the North Transmission will 
primarily provide raw water to the City of Flint’s Water Treatment Plant and the 
South Transmission will primarily provide raw water to the Genesee County’s 
WTP. However, these two transmission routes will be interconnected to provide 
reliability to both facilities. 

 
3. Flint Transmission Section – Proceeding with transmission of raw water from the 

Genesee County WTP location to the existing Flint WTP. 
 
4. Genesee County Finished Water (FW) Transmission – Proceeding from the 

Genesee County WTP with treated water to the existing Genesee County 
Henderson Road Pump Station. 

 
Table 5.1 - Estimated Length of Transmission Route 

 
Name of Transmission Route Estimated Route Length (miles) 

Lake Huron Transmission 38.5 

North Transmission 14.7 

South Transmission 13.9 

Flint Transmission 14.1 

Genesee County Finished Water (FW) Transmission 5.4 
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5.2 - Route Considerations 
 
Although a specific route for the proposed pipeline(s) has not been chosen, sections will be 
constructed along both paved and gravel road rights-of-way, as well as within cross country 
easement areas between Lake Huron and Genesee County. Due to the rural nature of the 
terrain, few underground utilities other than telephone and gas will be encountered for the 
majority of the route. It is assumed that the existing road right-of-way can accommodate the 
proposed transmission pipeline in most areas; however, due to the large diameter of the pipe, 
construction will impact a large portion of rights-of-way under the jurisdiction of the Sanilac, 
St. Clair, Lapeer, and Genesee County Road Commissions, as well as the Michigan 
Department of Transportation (MDOT). Specific permitting requirements for the project were not 
explored as part of this study, but will need to be addressed as the route is identified. Any route 
is expected to cross power transmission lines, up to four railroad lines, and transmission 
pipelines which traverse the area. Coordination with the appropriate owners will need to be 
addressed when the route has been identified as well.  
 
An environmental review has not been conducted as part of this study. However, it is anticipated 
that roughly 85 wetlands, and multiple floodplains, endangered species, and archaeological and 
historical sites may be impacted by the pipeline construction. In addition, the proposed route will 
traverse the Black River, Flint River, South Branch of the Flint River, and approximately fifty (50) 
creeks, streams, and drains during construction. Specific permitting requirements from the 
Sanilac, St. Clair, Lapeer, and Genesee County Drain Commissioner’s offices, as well as the 
Michigan Department of Environmental Quality (MDEQ) will need to be addressed as the route 
is identified.  
 
5.3 - Geotechnical Considerations 
 
Available soil boring information was obtained from Division C of the circa 1960’s plans for the 
Lake Huron Water Supply Project prepared by Consoer, Townsend & Associates. Wade Trim 
has completed a cursory review of these soil boring logs for the proposed raw water 
transmission line to be installed from the Lake Huron shoreline westward toward the proposed 
treatment plant. The purpose of this geotechnical review was to evaluate suitability of excavated 
soils along the proposed transmission main alignment for potential reuse as trench backfill 
material within existing roadway rights-of-way. 
 
A total of approximately 250 soil boring logs were reviewed. These soil borings were generally 
located along Fisher, Clear Lake, Snoblin, and Norway Lake Roads between Lake Huron and 
the intersection of Norway Lake and Flint River Roads. General information obtained from these 
logs has been tabulated in spreadsheet form for ease of accessibility. 
 
The geotechnical evaluation summary is predicated upon the following key points: 
 

• The available soil boring information for the proposed raw water transmission line 
alignment, as described above, is over 40 years old. While this information is still 
very helpful in identifying soil conditions at the respective soil boring locations, 
groundwater information and other subsurface conditions may vary due to 
cyclical fluctuations in long term groundwater levels and other human activities. 
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• Most of the available soil boring logs indicate borings depths to be on the order of 
approximately 13 feet, with a few being extended to depths of up to 20 to 25 feet. 
Comments made herein are specific to the depths within the vertical reaches of 
the available soil borings. Where excavations deeper than these borings are 
planned, the comments provided herein may not apply for the deeper reaches of 
excavation. 

 
• Due to the size and/or quality of the drawings we reviewed, the text was either 

unreadable or missing in a few places and no judgment could be made as to the 
suitability of existing soils for reuse as trench backfill material within the existing 
roadway rights-of-way in these areas. 

 
In light of the foregoing, the following summary comments regarding suitability of excavated 
soils for reuse as trench backfill within the roadway rights-of-way are offered. 
 
Areas where excavated soils are judged to be primarily granular in nature and good to very 
good for backfill within the influence of existing roadways are as follows: 
 

1. US-25 from the potential Lake Huron Pump Station south approximately 1,000 
feet to Fisher Road 
 

2. Fisher Road from US-25 west approximately two miles to Babcock Road 
 

3. Fisher Road from about 1,000 feet to about 3,500 west of Fargo Road 
 

4. Clear Lake Road from about 2,000 feet west of Cedar Creek Road west about 
3/4 mile to Lake Pleasant Road 
 

5. Snoblin Road from about 3,000 feet to about 6,000 feet west of Jefferson Road 
 

6. Snoblin Road from 400 feet east of Jones Road to about 2,000 feet west of 
Jones Road 

 
7. Norway Lake Road from about 200 feet west of Lapeer Road west approximately 

1 mile to about 200 feet west of Valentine Road (extended) 
 

8. Norway Lake Road from about 3,600 feet west of Valentine Road (extended) 
west approximately 1.2 miles to Flint River Road 

 
Areas where excavated soils are judged to be primarily cohesive and/or organic in nature and 
poor to very poor for backfill within the influence of existing roadways are as follows: 
 

1. Fisher Road from Babcock Road west approximately six miles to Fargo Road 
 

2. Fisher Road from about 3,500 feet west of Fargo Road west approximately 
3-1/4 miles to Bricker Road 
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3. Fisher Road from about 1,500 feet west of Cork Road west approximately 
3 miles to about 1,500 feet west of Jordan Road 
 

4. Fisher Road from Melvin/Owens Road west approximately two miles to Mason 
Road 

 
5. Fisher Road from Bailey Road west approximately one mile to Maple Valley 

Road 
 

6. Clear Lake Road from Cade Road west about 4,000 feet 
 
7. Clear Lake Road from Bentley Road west approximately 1-1/2 miles to Churchill 

Road 
 

8. Clear Lake Road from about 1,000 feet west of Van Dyke Road (M-53) west 
approximately 1 mile to about 1,000 feet west of Blacks Corners Road 

 
Areas where roadways have not been developed and existing excavated soils, excluding 
organic soils, could be used for backfill are as follows: 
 

1. Fisher Road right-of-way from approximately 3/4 mile west of Jordan Road west 
approximately 1-1/4 miles to Melvin/Owens Road 
 

2. Fisher Road right-of-way from Mason Road west approximately three miles to 
Bailey Road 

 
3. Fisher Road right-of-way from Maple Valley Road west approximately one mile to 

Cade Road 
 

4. Snoblin Road right-of-way from Five Lakes Road west approximately 3/4 mile to 
Fish Lake Road 

 
Most remaining areas for which soil boring information has been reviewed have somewhat 
variable soil profiles, with existing soil types ranging from very good to very poor in terms of 
suitability for reuse as backfill. For these areas, it is preliminarily estimated that about 25 to 50% 
of the material excavated would be suitable for reuse as trench backfill material. 
 
Additionally, the available soil boring information should be reviewed during the preliminary 
design phase to address other geotechnical construction considerations that could impact 
project costs. Among these are: 
 

• Temporary construction dewatering; 
 

• Special considerations for supporting utility trench walls and temporary 
construction loadings (i.e. equipment, material stockpiles, etc.) in areas of peat, 
muck, and/or organic soils; 



Karegnondi Water Authority Lake Huron Water Supply Study 

 

 Page 5 of 7 Updated February 16, 2009 

• Potential for bedrock and/or boulder excavation; 
 

• Special considerations for tunneling or boring major roadway, railroad, river, and 
drainage crossings; 

 
• Considerations for special pipe coatings or treatments (i.e. cathodic protection) in 

areas of highly organic soils; and,  
 

• Considerations for deep foundation systems to support the proposed water 
transmission main and utility trench backfill materials in areas of peat, organic, or 
otherwise unstable soils. 

 
5.4 - Route Selection Criteria and Restoration Alternatives 
 
As discussed above, the alternatives for the transmission main are along mainly rural gravel 
road rights-of-way, rural paved road rights-of-way, or within easement areas. The easement 
areas would likely be along section lines or quarter lines in areas where a route along an 
existing road right-of-way would not be feasible. 
 
Typical cross sections for these four (4) alternatives are included in this Appendix. These typical 
sections assume a 66-foot right-of-way. Utilizing these typical cross sections, restoration costs 
estimates were generated for the four (4) alternatives. Restoration costs would include, but are 
not limited to, clearing and grubbing, construction access approaches, site grading, ditching, 
drive culvert replacement, drive restoration, aggregate base / surface course, HMA paving, 
aggregate shoulders, topsoil, seed, mulch, permanent traffic signs, and temporary traffic control 
devices.   
 
Through Genesee County, Lapeer County, and Sanilac or St. Clair County, it is anticipated that 
the four (4) alternatives will be utilized when the final route is determined during the design 
phase.  
 
Based on a preliminary route analysis, the following is an approximated number of miles of each 
restoration alternative by county and by each transmission route. This preliminary analysis was 
completed for cost estimating purposes.  
 

Table 5.2 - Anticipated Restoration Activities by County 
 

BY COUNTY Genesee 
(miles) 

Lapeer 
(miles) 

Sanilac / 
St. Clair 
(miles) 

Total 

Gravel Road 6.5 12.7 12.7 31.9 

Paved Road 2.2 0 0 2.2 

Easement (Cross-County) 3.9 6.8 6.3 17.0 

Easement (Adjacent to Right-of-Way) 4.7 23.8 6.0 34.5 

Tunneled 0.1 0.8 0.1 1.0 

Estimated Total Route Length (miles): 17.4 44.1 25.1 86.6 
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Table 5.3 - Anticipated Restoration Activities by Transmission Route 
 

By Transmission 
Main Route 

Open Cut, Paved 
Roadway (miles) 

Open Cut, 
Gravel Roadway 

(miles) 
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Total 
(miles) 

Lake Huron 
Transmission 

0 0 0.8 17.4 12.9 7.3 0.1 38.5 

North  
Transmission 0 0 1.1 4.2 8.3 1.0 0.1 14.7 

South 
Transmission 0 0 0 1.8 8.6 2.8 0.7 13.9 

Flint Transmission 0 2.2 0 3.4 2.7 5.7 0.1 14.1 

Genesee County 
FW Transmission 0 0 0 3.2 2.0 0.2 0 5.4 

Total (Miles) 0 2.2 1.9 30.0 34.5 17.0 1.0 86.6 

 
The backfill cost estimates include either native or sand backfill material from one (1’) foot 
above the proposed transmission main to the bottom of the subbase material.  The restoration 
costs include subbase, base and surface restoration, as well as topsoil, seed, fertilizer and 
mulch.  Land acquisition is not included in the following unit costs, however, were addressed as 
a separate line item in the overall cost estimate, see Section 5.6.   
 
The following backfill and restoration unit costs were established based on a projected 
Engineering News Record cost index value of 8688.  See worksheets for divisions of costs. 
 

Table 5.4 – Backfill and Restoration Unit Cost Estimates 
 

Transmission Route Backfill and Restoration Unit 
Costs Per Foot 

Lake Huron Transmission $ 46.65 
North Transmission $ 46.50 
South Transmission $ 45.05 
Flint Transmission $ 52.60 
Genesee County Finish Water Transmission $ 48.50 
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5.5 - Raw Water Reservoir and Water Treatment Plant Site Considerations 
 
The layout of the proposed transmission line would connect to the proposed Genesee County 
WTP, as well as the proposed raw water reservoir. The treatment plant and reservoir would 
need to be located such that the land area would meet the size and storage volume 
requirements. 
 
Similar to the transmission main, the selected locations for the treatment plant and the reservoir 
would need to be reviewed for wetland, floodplains, and other governing agencies requirements.  
All permitting requirements will need to be addressed as the location for the treatment plant is 
identified and selected.   
 
It is anticipated that the land required for these sites would need to be purchased at fair market 
value. 
 
5.6 - Easement Acquisition 
 
In areas where easements will be acquired, the land shall be purchased. For cost estimating 
purposes, easement acquisition was estimated at approximately $6,000 per acre. Where the 
easement will be cross county, this easement width was estimated at 100 feet in width.   
When the easement will be adjacent to an existing road right-of-way, the width is anticipated to 
be less than or equal to 24 feet in width. 
 
The number of easements anticipated, for cost estimating purposes only are as shown in the 
following table. 
 

Table 5.5 - Estimated Easements  
 

Transmission Main Route Estimated Easements 

Lake Huron Transmission 139 

North Transmission 96 

South Transmission 92 

Flint Transmission 42 

Genesee County Finished Water Transmission 25 

Total Estimated Easements: 394 
 
5.7 - Attachments to Appendix 5 
 
The following are included as attachments to this Technical Memorandum and can be found on 
the following pages: 
 

1. Lake Huron Water Supply Route Schematic 
 

2. Typical Restoration Cross Sections (4) 
 

3. Summary of Geotechnical Data 
 

4. Worksheets – Summary of Costs 
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KAREGNONDI WATER AUTHORITY

WORKSHEET
Transmission Pipeline Preliminary

Restoration Construction Costs

Open Cut, Rural Paved Road Restoration

Item # Item Description Unit Quantity Unit Cost Total

1 Mobilization (5%) Lsum 1 $15,000.00 $15,000.00

2 Clearing & Grubbing Ft 5280 $2.50 $13,200.00

3 Ditching Ft 5280 $4.50 $23,760.00

4 Culvert, 12 inch Ft 150 $22.00 $3,300.00

5
Aggregate Base, 22A
(15' Wide, 8" Deep)

Ton 3880 $22.00 $85,360.00

6
HMA, 3C
(11' Wide, 3" Deep)

Ton 1120 $70.00 $78,400.00

7
HMA, 4C
(24' Wide, 1.5" Deep)

Ton 1220 $72.00 $87,840.00

8
Shoulder, Aggregate
(4' Wide, 4.5" Deep)

Ton 1160 $24.00 $27,840.00

9 Drive Restoration Each 5 $650.00 $3,250.009 Drive Restoration Each 5 $650.00 $3,250.00

10 Restoration Acre 2.2 $3,500.00 $7,700.00

11
Permanent Traffic Signs
(Including posts)

Each 5 $350.00 $1,750.00

12 Plastic Drums Each 55 $20.00 $1,100.00

13 Signs, Temp Sft 500 $5.00 $2,500.00

Total Restoration Costs Per Mile $351,000.00

Total Restoration Costs Per Foot $66.50

Please Note: The above costs are based on a projected Engineering News Record  cost index value of 8688.

Prepared By: BAS / Checked By: TAB
Approved By: JRK

W 5 - 1 Updated: February 16, 2009
GDC 2043.01F



KAREGNONDI WATER AUTHORITY

WORKSHEET
Transmission Pipeline Preliminary

Restoration Construction Costs

Open Cut, Gravel Road Restoration

Item # Item Description Unit Quantity Unit Cost Total

1 Mobilization (5%) Lsum 1 $8,000.00 $8,000.00

2 Clearing & Grubbing Ft 5280 $2.50 $13,200.00

3 Ditching Ft 5280 $4.50 $23,760.00

4 Culvert, 12 inch Ft 150 $22.00 $3,300.00

5
Agg Surface, Maintenance Side
(15' Wide, 2" Deep)

Ton 970 $22.00 $21,340.00

6
Agg Surface, Reconst Side
(15' Wide, 8" Deep)

Ton 3880 $22.00 $85,360.00

7 Drive Restoration Each 5 $650.00 $3,250.00

8 Restoration Acre 2.2 $3,500.00 $7,700.00

9
Permanent Traffic Signs
(Including posts)

Each 5 $350.00 $1,750.00
(Including posts)

10 Plastic Drums Each 55 $20.00 $1,100.00

11 Signs, Temp Sft 500 $5.00 $2,500.00

Total Restoration Costs Per Mile $171,260.00

Total Restoration Costs Per Foot $32.50

Please Note: The above costs are based on a projected Engineering News Record  cost index value of 8688.

Prepared By: BAS / Checked By: TAB
Approved By: JRK

W 5 - 2 Updated: February 16, 2009
GDC 2043.01F



KAREGNONDI WATER AUTHORITY

WORKSHEET
Transmission Pipeline Preliminary

Restoration Construction Costs

Open Cut, Adjacent to Road Right of Way Restoration

Item # Item Description Unit Quantity Unit Cost Total

1 Mobilization (5%) Lsum 1 $9,000.00 $9,000.00

2 Clearing & Grubbing Ft 5280 $6.50 $34,320.00

3 Ditching Ft 5280 $4.50 $23,760.00

4 Culvert, 12 inch Ft 150 $22.00 $3,300.00

5
HMA, 4C
(24' Wide, 1.5" Deep)

Ton 1220 $72.00 $87,840.00

6
Shoulder, Aggregate
(4' Wide, 1.5" Deep)

Ton 400 $24.00 $9,600.00

7 Drive Restoration Each 5 $650.00 $3,250.00

8 Restoration Acre 2.2 $3,500.00 $7,700.00

9
Permanent Traffic Signs
(Including posts)

Each 5 $350.00 $1,750.00

10 Plastic Drums Each 55 $20.00 $1,100.00

11 Signs, Temp Sft 500 $5.00 $2,500.00

Total Restoration Costs Per Mile $184,120.00

Total Restoration Costs Per Foot $34.90

Land Acquisition

1
Land Acquisition (24' Wide)
($6,000/acre or $0.15/sft)

Acre 3 $6,000.00 $18,000.00

Total Land Acquisition Per Foot $3.50

Please Note: The above costs are based on a projected Engineering News Record  cost index value of 8688.

Prepared By: BAS / Checked By: TAB
Approved By: JRK

W 5 - 3 Updated: February 16, 2009
GDC 2043.01F



KAREGNONDI WATER AUTHORITY

WORKSHEET
Transmission Pipeline Preliminary

Restoration Construction Costs

Open Cut, Cross Country Restoration

Item # Item Description Unit Quantity Unit Cost Total

1 Mobilization (5%) Lsum 1 $8,000.00 $8,000.00

2 Clearing & Grubbing Ft 5280 $6.50 $34,320.00

3 Construction Access Approach Each 2 $1,100.00 $2,200.00

4
Construction Access Drive
(10' Wide, 3x1 Stone)

Cyd 500 $27.00 $13,500.00

5
Agg Surface Lane
(10' Wide, 6" 23A Agg)

Ton 1940 $22.00 $42,680.00

6 Site Grading Ft 5280 $1.50 $7,920.00

7 Restoration Acre 12.2 $2,500.00 $30,500.00

8 Plastic Drums Each 10 $20.00 $200.00

9 Signs, Temp Sft 80 $5.00 $400.00

Total Restoration Costs Per Mile $139,720.00

Total Restoration Costs Per Foot $26.50

Land Acquisition

1
Land Acquisition (80' Wide)
($6,000/acre or $0.15/sft)

Acre 10 $6,000.00 $60,000.00

Total Land Acquisition Per Foot $11.40

Please Note: The above costs are based on a projected Engineering News Record  cost index value of 8688.

Prepared By: BAS / Checked By: TAB
Approved By: JRK

W 5 - 4 Updated: February 16, 2009
GDC 2043.01F



KAREGNONDI WATER AUTHORITY

WORKSHEET
Transmission Pipeline Preliminary

Restoration Construction Costs

Paved Road Crossing Restoration

Item # Item Description Unit Quantity Unit Cost Total

1 Mobilization (5%) Lsum 1 $1,280.00 $1,280.00

2 Culvert, 18 inch Ft 60 $32.00 $1,920.00

3 Cold Mill HMA Surface Syd 110 $12.00 $1,320.00

4
Aggregate Base, 22A
(8" Deep)

Ton 90 $22.00 $1,980.00

5 HMA, 3C (3" Deep) Ton 30 $70.00 $2,100.00

6 HMA, 4C (1.5" Deep) Ton 25 $72.00 $1,800.00

7 Curb and Gutter, Det B2 Lft 100 $16.00 $1,600.00

8 Restoration Syd 100 $13.00 $1,300.008 Restoration Syd 100 $13.00 $1,300.00

9 Plastic Drums Each 10 $20.00 $200.00

10 Signs, Temp (Detour) Sft 500 $5.00 $2,500.00

Total Restoration Costs per Each $16,000.00

Please Note: The above costs are based on a projected Engineering News Record  cost index value of 8688.

Prepared By: BAS / Checked By: TAB
Approved By: JRK

W 5 - 5 Updated: February 16, 2009
GDC 2043.01F



KAREGNONDI WATER AUTHORITY

WORKSHEET
Transmission Pipeline Preliminary

Restoration Construction Costs

Drain Crossing Restoration

Item # Item Description Unit Quantity Unit Cost Total

1 Mobilization (5%) Lsum 1 $1,490.00 $1,490.00

2 By-Pass Pumping Lsum 1 $3,000.00 $3,000.00

3 Check Dam, Stone Cyd 25 $30.00 $750.00

4 Mulch Blanket Syd 80 $2.00 $160.00

5 Restoration Syd 80 $10.00 $800.00

6 Rip Rap, Plain Syd 80 $35.00 $2,800.00

Total Restoration Costs per Each $9,000.00

.

Please Note: The above costs are based on a projected Engineering News Record  cost index value of 8688.

Prepared By: BAS / Checked By: TAB
Approved By: JRK

W 5 - 6 Updated: February 16, 2009
GDC 2043.01F



KAREGNONDI WATER AUTHORITY

WORKSHEET
Transmission Pipeline Preliminary

Restoration Construction Costs

Utility Relocations

Item # Item Description Unit Quantity Unit Cost Total

1 Mobilization (5%) Lsum 1 $10,000.00 $10,000.00

2
Water Leads, Remove and 
Replace Short Side (Not Including 
New Curb Stop)

Each 100 $700.00 $70,000.00

3
Extra Backfill for Lower WM in 
Sanitary Sewer Areas

Cyd 17600 $7.50 $132,000.00

4
Sanitary Leads, Remove and 
Replace, (Est. 20 Feet Each)

Each 300 $350.00 $105,000.00

Total Estimated Utility Relocation $317,000.00

Please Note: The above costs are based on a projected Engineering News Record  cost index value of 8688.

Prepared By: BAS / Checked By: TAB
Approved By: JRK

W 5 - 7 Updated: February 16, 2009
GDC 2043.01F



KAREGNONDI WATER AUTHORITY

Worksheet
Transmission Pipeline Summary
of Restoration and Backfill Costs

LAKE HURON TRANSMISSION RESTORATION COSTS

Restoration Type Quantity Unit Cost Total

Open Cut, Paved Roadway Restoration 0 $66.50 $0.00

Open Cut, Gravel Roadway Restoration 96,260 $32.50 $3,128,450.00

Open Cut, Adjacent to ROW Restoration 68,440 $34.90 $2,388,560.00

Open Cut, Cross Country Restoration 38,280 $26.50 $1,014,420.00

Paved Road Crossing Restoration 7 $16,000 $112,000.00

Drain Crossing Restoration 35 $9,000 $315,000.00

Trench Backfill, Hauled Sand 91,990 $19.40 $1,784,610.00

Trench Backfill, Native Materials 110,990 $6.65 $738,080.00

Total Restoration Cost $9,481,120.00

Restoration Cost Per Foot of Transmission Pipe $46.65

Land Acquisition Quantity Unit Cost Total

Adjacent to ROW Route 68,440 $3.50 $239,540.00

Cross Country Route 33,000 $11.40 $376,200.00

Total for Land Acquisition $615,740.00

Total Restoration Plus Land Acquisition Costs $10,096,860.00

Please Note: The above costs are based on a projected Engineering News Record cost index value of 8688.

Prepared By: BAS / Checked By: TAB
Approved By: JRK

W 5 - 8 Updated: February 16, 2009
GDC 2043.01F



KAREGNONDI WATER AUTHORITY

Worksheet
Transmission Pipeline Summary
of Restoration and Backfill Costs

NORTH TRANSMISSION RESTORATION COSTS

Restoration Type Quantity Unit Cost Total

Open Cut, Paved Roadway Restoration 0 $66.50 $0.00

Open Cut, Gravel Roadway Restoration 28,250 $32.50 $918,130.00

Open Cut, Adjacent to ROW Restoration 44,030 $34.90 $1,536,650.00

Open Cut, Cross Country Restoration 5,280 $26.50 $139,920.00

Paved Road Crossing Restoration 8 $16,000 $128,000.00

Drain Crossing Restoration 10 $9,000 $90,000.00

Trench Backfill, Hauled Sand 22,440 $19.40 $435,340.00

Trench Backfill, Native Materials 55,120 $6.65 $366,550.00

Total Restoration Cost $3,614,590.00

Restoration Cost Per Foot of Transmission Pipe $46.50

Land Acquisition Quantity Unit Cost Total

Adjacent to ROW Route 44,030 $3.50 $154,110.00

Cross Country Route 5,280 $11.40 $60,190.00

Total for Land Acquisition $214,300.00

Total Restoration Plus Land Acquisition Costs $3,828,890.00

Please Note: The above costs are based on a projected Engineering News Record cost index value of 8688.

Prepared By: BAS / Checked By: TAB
Approved By: JRK

W 5 - 9 Updated: February 16, 2009
GDC 2043.01F



KAREGNONDI WATER AUTHORITY

Worksheet
Transmission Pipeline Summary
of Restoration and Backfill Costs

SOUTH TRANSMISSION RESTORATION COSTS

Restoration Type Quantity Unit Cost Total

Open Cut, Paved Roadway Restoration 0 $66.50 $0.00

Open Cut, Gravel Roadway Restoration 9,520 $32.50 $309,400.00

Open Cut, Adjacent to ROW Restoration 45,230 $34.90 $1,578,530.00

Open Cut, Cross Country Restoration 14,540 $26.50 $385,310.00

Paved Road Crossing Restoration 21 $16,000 $336,000.00

Drain Crossing Restoration 13 $9,000 $117,000.00

Trench Backfill, Hauled Sand 9,520 $19.40 $184,690.00

Trench Backfill, Native Materials 59,770 $6.65 $397,470.00

Total Restoration Cost $3,308,400.00

Restoration Cost Per Foot of Transmission Pipe $45.05

Land Acquisition Quantity Unit Cost Total

Adjacent to ROW Route 45,230 $3.50 $158,310.00

Cross Country Route 14,540 $11.40 $165,760.00

Total for Land Acquisition $324,070.00

Total Restoration Plus Land Acquisition Costs $3,632,470.00

Please Note: The above costs are based on a projected Engineering News Record cost index value of 8688.

Prepared By: BAS / Checked By: TAB
Approved By: JRK

W 5 - 10 Updated: February 16, 2009
GDC 2043.01F



KAREGNONDI WATER AUTHORITY

Worksheet
Transmission Pipeline Summary
of Restoration and Backfill Costs

FLINT TRANSMISSION RESTORATION COSTS

Restoration Type Quantity Unit Cost Total

Open Cut, Paved Roadway Restoration 11,800 $66.50 $784,700.00

Open Cut, Gravel Roadway Restoration 17,840 $32.50 $579,800.00

Open Cut, Adjacent to ROW Restoration 14,510 $34.90 $506,400.00

Open Cut, Cross Country Restoration 33,910 $26.50 $898,620.00

Paved Road Crossing Restoration 6 $16,000 $96,000.00

Drain Crossing Restoration 4 $9,000 $36,000.00

Trench Backfill, Hauled Sand 29,640 $19.40 $575,020.00

Trench Backfill, Native Materials 48,420 $6.65 $321,990.00

Utility Relocations 1 $317,000 $317,000.00

Total Restoration Cost $4,115,530.00

Restoration Cost Per Foot of Transmission Pipe $52.60

Land Acquisition Quantity Unit Cost Total

Adjacent to ROW Route 14,510 $3.50 $50,790.00

Cross Country Route 25,030 $11.40 $285,340.00

Total for Land Acquisition $336,130.00

Total Restoration Plus Land Acquisition Costs $4,451,660.00

Please Note: The above costs are based on a projected Engineering News Record cost index value of 8688.

Prepared By: BAS / Checked By: TAB
Approved By: JRK

W 5 - 11 Updated: February 16, 2009
GDC 2043.01F



KAREGNONDI WATER AUTHORITY

Worksheet
Transmission Pipeline Summary
of Restoration and Backfill Costs

GENESEE CO. FINISHED WATER TRANSMISSION RESTORATION COSTS

Restoration Type Quantity Unit Cost Total

Open Cut, Paved Roadway Restoration 0 $66.50 $0.00

Open Cut, Gravel Roadway Restoration 16,660 $32.50 $541,450.00

Open Cut, Adjacent to ROW Restoration 10,560 $34.90 $368,540.00

Open Cut, Cross Country Restoration 1,200 $26.50 $31,800.00

Paved Road Crossing Restoration 1 $16,000 $16,000.00

Drain Crossing Restoration 2 $9,000 $18,000.00

Trench Backfill, Hauled Sand 16,660 $19.40 $323,200.00

Trench Backfill, Native Materials 11,760 $6.65 $78,200.00

Total Restoration Cost $1,377,190.00

Restoration Cost Per Foot of Transmission Pipe $48.50

Land Acquisition Quantity Unit Cost Total

Adjacent to ROW Route 10,560 $3.50 $36,960.00

Cross Country Route 0 $11.40 $0.00

Total for Land Acquisition $36,960.00

Total Restoration Plus Land Acquisition Costs $1,414,150.00

Please Note: The above costs are based on a projected Engineering News Record cost index value of 8688.

Prepared By: BAS / Checked By: TAB
Approved By: JRK

W 5 - 12 Updated: February 16, 2009
GDC 2043.01F



Karegnondi Water Authority
Lake Huron Water Supply Study

Transmission Main Route Considerations
Soils Information

Boring 
No.

Division / 
Sheet No.

STA Location Ground 
Surface Elev.

Description of Material Ground Water 
Elev.

Depth to 
Ground Water

Soil Suitability 
for Backfill

Dewatering 
Concern

Comments

B2 C/4 0 - 50 US 25 ~1100' N. of Fisher Rd. 606 Sand to ~13' None >13' Very Good Minor US Highway Crossing
(W. Side)

B3 C/4 11 + 05 US 25 @ Fisher Rd. (NW Quad) 604 Sand to ~10'; then 593 ~11' Good Moderate
Clayey Sand to ~13'

B3A C/4 11 + 15 US 25 @ Fisher Rd. (NW Quad) 595 Sand to ~7'; then 595 0 Very Good Moderate
Clay to ~8'; then
Sand to ~13'

B3B C/4 17 + 40 Fisher Rd. @ Birch Crk. (NE Quad) 596 Sand to ~13' 588 ~8' Very Good Moderate River Crossing

B4 C/4 19 + 90 Fisher Rd. ~200' W. of Birch Crk. 599 Sand to ~13' 590 ~9' Very Good Moderate

B5 C/5 30 + 20 Fisher Rd. ~1,960' W. of US 25 608 Clay to ~7'; then None >13' Fair to Poor Minor
Sand to ~10'; then
Clay to ~13'

B6 C/5 41 + 45 Fisher Rd. ~3,085' W. of US 25 620 Sand to ~9'; then 618 ~2' Good Severe
Clay to ~14'

B7 C/6 50 + 80 Fisher Rd. ~4,020' W. of US 25 626 Sand to ~13' 623 ~3' Good Severe

B8 C/6 63 + 20 Fisher Rd. @ Campbell / St. 631 Sand to ~14' 629 ~2' Good Severe
Clair Rd. (NW Quad)

B9 C/7 73 + 15 Fisher Rd. ~1,035' W. of Campbell 635 Sand to ~6'; then 633 ~2' Fair Severe
Rd. Clay to ~8'; then

Clayey Sand to ~13'

B10 C/7 82 + 65 Fisher Rd. ~1,985' W. of Campbell 643 Sand to ~9'; then 641 ~2' Good Severe
Rd. Clay to ~14'

B11 C/7 93 + 25 Fisher Rd. ~3,045' W. of Campbell 653 Sand to ~3'; then None >14' Poor Minor
Rd. Clay to ~14'

B12 C/8 103 + 25 Fisher Rd. ~4,045' W. of Campbell 655 Clay to ~6'; then 649 ~6' Fair Severe
Rd. Sand to ~13'

B13 C/8 115 + 95 Fisher Rd. @ Babcock Rd. 665 Clay to ~11'; then 656 ~9' Poor Moderate
Sand to ~13'

B14 C/9 124 + 90 Fisher Rd. ~870' W. of Babcock 671 Clay to ~9'; then None >13' Poor Minor
Rd. Sand to ~13'

B15 C/9 134 + 65 Fisher Rd. ~1,845' W. of Babcock 679 Sand to ~1'; then None >13' Poor Minor
Rd. Clay to ~10'; then

Sand to ~13'

Soils information was obtained from Division C of the circa 1960's plans for the Lake Huron Water Supply Project prepared by Consoer, Townsend Associates.

W 5 - 12
Updated: February 16, 2009

GDC 2043.01F



Karegnondi Water Authority
Lake Huron Water Supply Study

Transmission Main Route Considerations
Soils Information

Boring 
No.

Division / 
Sheet No.

STA Location Ground 
Surface Elev.

Description of Material Ground Water 
Elev.

Depth to 
Ground Water

Soil Suitability 
for Backfill

Dewatering 
Concern

Comments

B16 C/10 143 +80 Fisher Rd. ~2,760' W. of Babcock 685 Sand to ~3'; then None >13' Poor Minor
Rd. Clay to ~13'

B17 C/10 153 +55 Fisher Rd. ~3,735' W. of Babcock 691 Sand to ~2'; then None >13' Poor Minor
Rd. Clay to ~13'

B18 C/11 168 + 75 Fisher Rd. @ Vincent Rd. (NE Quad) 698 Clay to ~13' None >13' Poor Slight

B19 C/11 173 + 30 Fisher Rd. ~430' W. of Vincent Rd. 700 Clay to ~13' None >13' Poor Slight

B20 C/11 183 + 55 Fisher Rd. ~1,455' W. of Vincent Rd. 710 Sand to ~3'; then None >13' Poor Minor
Clay to ~13'

B21 C/12 205 + 65 Fisher Rd. ~3,665' W. of Vincent Rd. 705 Clay to ~13' None >13' Poor Minor

B22 C/12 211 + 30 Fisher Rd. ~4,230' W. of Vincent Rd. 716 Clay to ~13' None >13' Poor Slight

B23 C/13 221 + 85 Fisher Rd. @ Wildcat Rd. (NW Quad) 724 Sand to ~3'; then None >13' Poor Slight
Clay to ~13'

B24 C/13 233 + 80 Fisher Rd. ~1,220' W. of Wildcat Rd. 736 Clay to ~13' 725 ~11' Poor Minor

B25 C/14 246 + 80 Fisher Rd. ~2,520' W. of Wildcat Rd. 753 Clay to ~13' None >13' Poor Slight

B26 C/14 255 + 20 Fisher Rd. ~3,360' W. of Wildcat Rd. 763 Clay to ~13' None >13' Poor Slight

B27 C/15 266 + 20 Fisher Rd. ~4,460' W. of Wildcat Rd. 781 Clay to ~13' None >13' Poor Slight

B28 C/15 274 + 30 Fisher Rd. @ Croswell Rd. (NW 780 Clay to ~13' None >13' Poor Slight
Quad)

B29 C/15 285 + 60 Fisher Rd. ~1,145' W. of Croswell Rd. 779 Clay to ~13' None >13' Poor Slight

B30 C/16 295 + 65 Fisher Rd. ~2,150' W. of Croswell Rd. 766 Clay to ~13' None >13' Poor Slight

B31 C/16 305 + 25 Fisher Rd. ~3,110' W. of Croswell Rd. 744 Clay to ~13' None >13' Poor Slight

B32 C/17 314 + 95 Fisher Rd. ~4,080' W. of Croswell Rd. 711 Clay to ~10'; then None >13' Poor Slight
Sand to ~13'

B33/B33A C/17 323 + 15 Fisher Rd. ~4,900' W. of Croswell 684 Clay to ~17'; then 670 ~14' Poor (to ~17') Minor (to ~17') River Crossing
Rd. (Black River Crossing) Sand & Gravel to ~25'

B34 C/18 336 + 70 Fisher Rd. ~6,255' W. of Croswell Rd. 728 Clay to ~13' None >13' Poor Slight

B35 C/18 346 + 35 Fisher Rd. ~7,220' W. of Croswell Rd. 725 Clay to ~10'; then None >13' Poor Minor
Sand to ~13'

B36 C/18 356 + 05 Fisher Rd. ~8,190' W. of Croswell Rd. 732 Clay to ~10'; then None >13' Poor Minor
Sand to ~13'

Soils information was obtained from Division C of the circa 1960's plans for the Lake Huron Water Supply Project prepared by Consoer, Townsend Associates.

W 5 - 13
Updated: February 16, 2009

GDC 2043.01F



Karegnondi Water Authority
Lake Huron Water Supply Study

Transmission Main Route Considerations
Soils Information

Boring 
No.

Division / 
Sheet No.

STA Location Ground 
Surface Elev.

Description of Material Ground Water 
Elev.

Depth to 
Ground Water

Soil Suitability 
for Backfill

Dewatering 
Concern

Comments

B37 C/19 365 + 35 Fisher Rd. ~9,120' W. of Croswell Rd. 734 Clay to ~13' None >13' Poor Slight

B38 C/19 379 + 20 Fisher Rd. @ Cribbins Rd. (NW Quad) 732 Clay to ~10'; then None >13' Poor Minor
 Clayey Sand to ~13'

B39 C/20 392 + 05 Fisher Rd. ~1,305' W. of Cribbins Rd. 738 Clay to ~10'; then None >13' Poor Minor
Sand to ~13'

B40 C/20 402 + 35 Fisher Rd. ~2,335' W. of Cribbins Rd. 738 Clay to ~9'; then 728 ~10' Poor Moderate
Sand to ~13'

B41 C/21 412 + 70 Fisher Rd. ~3,370' W. of Cribbins Rd. 741 Clay to ~8'; then None >13' Poor Minor
Silty Sand to ~13'

B42 C/21 421 + 05 Fisher Rd. ~4,205' W. of Cribbins Rd. 742 Clay to ~10'; then None >13' Poor Minor
Silty Sand to ~13'

B43 C/22 431 + 75 Fisher Rd. @ Fargo Rd. (NW Quad) 744 Clay to ~13' None >13' Poor Slight

B44 C/22 443 + 40 Fisher Rd. ~1,190' W. of Fargo Rd. 746 Clay to 3'; then 743 ~3' Good Severe
Sand to ~13'

B45 C/22 453 + 50 Fisher Rd. ~2,200' W. of Fargo Rd. 748 Sand to ~13' 744 ~4' Very Good Severe

B46 C/23 463 + 25 Fisher Rd. ~3,175' W. of Fargo Rd. 754 Clay to ~3'; then 745 ~9' Good Moderate
Sand to ~13'

B47 C/23 472 + 80 Fisher Rd. ~4,130' W. of Fargo Rd. 759 Clay to ~12'; then None >13' Poor Minor
Clayey Sand to ~13'

B48 C/24 484 + 55 Fisher Rd. @ Duce/Todd Rd. (NW 754 Clay to ~13' None >13' Poor Slight
Quad)

B49 C/24 497 + 50 Fisher Rd. ~1,330' W. of Todd Rd. 752 Clay to ~13' None >13' Poor Slight

B50 C/25 505 + 70 Fisher Rd. ~2,150' W. of Todd Rd. 754 Clay to ~13' None >13' Poor Slight

B51 C/25 514 + 55 Fisher Rd. ~3,035' W. of Todd Rd. 754 Clay to ~13' None >13' Poor Slight

B52 C/25 524 + 60 Fisher Rd. ~4,040' W. of Todd Rd. 753 Clay to ~13' 740 ~13' Poor Minor

B53 C/26 537 + 45 Fisher Rd. @ Kilgore Rd. (NW Quad) 758 Clay to ~13' None >13' Poor Slight

B54 C/26 548 + 45 Fisher Rd. ~1,145' W. of Kilgore Rd. 755 Clay to ~13' None >13' Poor Slight

B54A C/27 552 + 40 Fisher Rd. ~1,540' W. of Kilgore Rd. 751 Clay to ~20' None >20' Poor Slight

B55 C/27 559 + 30 Fisher Rd. ~2,230' W. of Kilgore Rd. 751 Clay to ~13' None >13' Poor Slight

B56 C/27 568 + 05 Fisher Rd. ~3,105' W. of Kilgore Rd. 749 Clay to ~13' None >13' Poor Slight
Soils information was obtained from Division C of the circa 1960's plans for the Lake Huron Water Supply Project prepared by Consoer, Townsend Associates.
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B57 C/28 578 + 70 Fisher Rd. ~4,170' W. of Kilgore Rd. 751 Clay to ~13' None >13' Poor Slight

B58 C/28 590 + 00 Fisher Rd. @ Brown Rd. (NW Quad) 753 Clay to ~13' None >13' Poor Slight

B59 C/29 601 + 05 Fisher Rd. ~1,155' W. of Brown Rd. 756 Clay to ~13' None >13' Poor Slight

B60 C/29 610+90 Fisher Rd. ~2,150' W. of Brown Rd. 761 Clay to ~10'; then None >13' Poor Minor
Silty Sand to ~13'

B61 C/29 621 + 10 Fisher Rd. ~3,160' W. of Brown Rd. 759 Clay to ~13' None >13' Poor Slight

B62 C/30 630 + 85 Fisher Rd. ~4,135' W. of Brown Rd. 768 Clayey Sand to ~4'; 759 ~9' Fair to Poor Moderate
then Clay to ~10';
then Sand to ~13'

B63 C/30 642 + 80 Fisher Rd. @ Bricker Rd. (NW Quad) 770 Clayey Sand to ~9'; None >13' Fair to Poor Moderate
then Clay to ~10';
then Sand to ~13'

B64 C/31 653 + 55 Fisher Rd. ~1,115' W. of Bricker Rd. 763 Clayey/Silty Sand to ~10'; 760 ~3' Fair Severe
then Sand to ~13'

B65 C/31 663 + 05 Fisher Rd. ~2,065' W. of Bricker Rd. 764 Clayey Sand to ~9'; 760 ~4' Fair Severe
then Sand to ~13'

B66 C/32 673 + 45 Fisher Rd. ~3,105' W. of Bricker Rd. 766 Clay to ~8'; then 755 ~11' Fair Minor
Sand to ~13'

B67 C/32 683 + 00 Fisher Rd. ~4,060' W. of Bricker Rd. 772 Clay to ~13' None >13' Poor Slight

B68 C/32 694 + 15 Fisher Rd. @ Cork Rd. (NW Quad) 770 Clay to ~7'; then 768 ~2' Poor Moderate to Severe
Sand to ~9'; then
Clay to ~13'

B69 C/33 706 + 75 Fisher Rd. ~1,285' W. of Cork Rd. 778 Clay to ~8'; then 774 ~4' Fair Severe
Sand to ~13'

B70 C/33 716 + 30 Fisher Rd. ~2,240' W. of Cork Rd. 781 Clay to ~13' None >13' Poor Slight

B71 C/34 724 + 60 Fisher Rd. ~3,070' W. of Cork Rd. 788 Clay to ~10'; then 780 ~8' Poor Moderate
Clayey Sand to ~12'; then
Clay to ~13'

B72 C/34 735 + 60 Fisher Rd. ~4,170' W. of Cork Rd. 798 Clay to ~8'; then 789 ~9' Poor Moderate
Clayey Sand to ~12'; then
Sand to ~13'

B73 C/35 746 + 75 Fisher Rd. @ Duquette Rd. (NW 805 Clay to ~13' None >13' Poor Slight
Quad)

Soils information was obtained from Division C of the circa 1960's plans for the Lake Huron Water Supply Project prepared by Consoer, Townsend Associates.
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B74 C/35 758 + 25 Fisher Rd. ~1,195' W. of Duquette 803 Clay to ~12'; then 793 ~10' Poor Moderate
Rd. Sand to ~13'

B75 C/36 768 + 60 Fisher Rd. ~2,230' W. of Duquette 808 Clay to ~6'; then None >10' Fair to Poor Moderate Possible Rock Excavation
Rd. Sand and Gravel to ~10'

(Refusal)

*B75A C/36 768 + 65 Fisher Rd. ~2,235' W. of Duquette 809 Clay to ~6'; then None >8' Poor Moderate Possible Rock Excavation
Rd. Sand and Gravel to ~8'

(Refusal)

B76 C/36 777 + 40 Fisher Rd. ~3,110' W. of Duquette 809 Clay to ~10'; then None >13' Poor Moderate 
Rd. Sand to ~13'

B76A C/36 781 + 40 Fisher Rd. ~3,510' W. of Duquette 807 Clay to ~5'; then 802 ~5' Very Poor Severe Organic Soils Present
Rd. Peat to ~8'; then

Marl to ~12'; then
Clay to ~20'

B77 C/36 787 + 20 Fisher Rd. ~4,090' W. of Duquette 809 Clay to ~8'; then None >13' Fair to Poor Moderate
Rd. Sand to ~12'; then

Clayey Sand to ~13'

B78 C/37 799 + 65 Fisher Rd. @ Brockway Rd. (M19) 807 Clay to ~13' None >13' Poor Slight State Highway Crossing
(NW Quad)

B79 C/37 809 + 65 Fisher Rd. ~1,035' W. of Brockway 805 Clay to ~10'; then 796 ~9' Poor Moderate
Rd. Clayey Sand to ~13'

B80 C/38 818 + 65 Fisher Rd. ~1,935' W. of Brockway 795 Clay to ~10'; then 789 ~6' Poor Moderate
Rd. Clayey Sand to ~13'

B81 C/38 826 + 00 Fisher Rd. @ Parker Rd. (NW Quad) 800 Clay to ~13' None >13' Poor Slight

B81A C/38 831 + 55 Fisher Rd. ~575' W. of Parker Rd. 793 Sand to ~5'; then 776 17' Fair to Poor Moderate
Clay to ~20'

B82 C/39 838 + 50 Fisher Rd. ~1,270' W. of Parker Rd. @ 801 Clay to ~13' None >13' Poor Slight Railroad Crossing
C&O RR Crossing (NE Quad)

B83 C/39 853 + 45 Fisher Rd. ~160' W. of Jordan Rd. 841 Clay to ~13' None >13' Poor Slight

B84 C/40 863 + 80 Fisher Rd. ~1,195' W. of Jordan Rd. 822 Clay to ~5'; then None >13' Poor Moderate
Clayey Sand to ~12'; then
Clay to ~13'

B85 C/40 869 + 25 Fisher Rd. ~1,740' W. of Jordan Rd. 815 Clay to ~6'; then 805 ~10' Fair Moderate
Sand to ~13'

B86 C/40 873 + 60 Fisher Rd. ~2,175' W. of Jordan Rd. 810 Clay to ~13' None >13' Poor Slight
Soils information was obtained from Division C of the circa 1960's plans for the Lake Huron Water Supply Project prepared by Consoer, Townsend Associates.
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B87 C/40 878 + 75 Fisher Rd. ~2,690' W. of Jordan Rd. 809 Clay to ~4'; then None >13' Fair to Good Moderate
Sand to ~13'

B88 C/41 890 + 85 Fisher Rd. ~3,900' W. of Jordan Rd. 815 Clay to ~13' None >13' Poor Slight

B89 C/42 901 + 80 Fisher Rd. R-O-W ~4,995' W. of 839 Sand to ~13' None >13' Very Good Minor Cross Country
Jordan Rd.

B90 C/43 914 + 45 Fisher Rd. R-O-W ~6,260' W. of 815 Clay to ~13' None >13' Poor Slight Cross Country
Jordan Rd.

B91 C/43 931 + 80 Fisher Rd. R-O-W ~7,995' W. of 802 Sand to ~4'; then None >13' Fair Minor Cross Country
Jordan Rd. Clay to ~13'

B92 C/44 938 + 55 Fisher Rd. R-O-W ~8,670' W. of 802 Clay to ~13' None >13' Poor Slight Cross Country
Jordan Rd.

B93 C/44 957 + 90 Fisher Rd. @ Owens / Melvin Rd. 799 Clay to ~13' None >13' Poor Slight
(NW Quad)

B94 C/45 969 + 30 Fisher Rd. ~1,170' W. of Melvin Rd. 805 Clay to ~13' None >13' Poor Slight

B95 C/45 979 + 20 Fisher Rd. ~2,160' W. of Melvin Rd. 801 Clay to ~13' None >13' Poor Slight

B96 C/46 989 + 25 Fisher Rd. ~3,165' W. of Melvin Rd. 802 Clay to ~13' None >13' Poor Slight

B97 C/46 997 + 15 Fisher Rd. ~3,955' W. of Melvin Rd. 800 Sand to ~3'; then None >13' Poor Minor
Clay to ~13'

B98 C/46 1004 + 15 Fisher Rd. @ Mowerson Rd. 802 Clay to ~10'; then 793 ~9' Poor Moderate
Sand to ~12'; then
Clay to ~13'

B99 C/47 1017 + 05 Fisher Rd. ~1,320' W. of Mowerson 803 Clay to ~11'; then 796 ~7' Poor Moderate
Rd. Sand to ~13'

B100 C/47 1027 + 75 Fisher Rd. ~2,390' W. of Mowerson 805 Clay to ~11'; then 796 ~9' Poor Moderate
Rd. Sand to ~13'

B101 C/48 1033 + 30 Fisher Rd. ~2,945' W. of Mowerson 804 Clay to ~9'; then None >13' Poor Moderate 
Rd. Sand to ~13'

B102 C/48 1038 + 85 Fisher Rd. ~3,500' W. of Mowerson 803 Clay to ~13' None >13' Poor Slight
Rd.

B103 C/48 1045 + 70 Fisher Rd. ~4,185' W. of Mowerson 802 Peat to ~1'; then 798 ~4' Poor Moderate Organic Soils Present
Rd. Clay to ~13'

B104 C/48 1050 + 45 Fisher Rd. ~4,660' W. of Mowerson 803 Peat and Clay to ~5'; then None >13' Very Poor Minor Organic Soils Present
Rd. Clay to ~13'

Soils information was obtained from Division C of the circa 1960's plans for the Lake Huron Water Supply Project prepared by Consoer, Townsend Associates.
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B105 C/49 1055 + 80 Fisher Rd. @ Mason Rd. (NE Quad) 805 Peat to ~1'; then None >13' Very Poor Minor Organic Soils Present
Peaty Clay to ~4'; then
Clay to ~13'

B106 C/49 1065 + 65 Fisher Rd. R-O-W ~965' W. of Mason 807 Topsoil to ~5'; then None >13' Poor Minor Cross Country
Rd. Clay to ~8'; then

Clayey Sand to ~10';
Then Clay to ~13'

B107 C/49 1076 + 00 Fisher Rd. R-O-W ~2,000' W. of 809 Topsoil to ~3'; then None >13' Poor Slight Cross Country
Mason Rd. Clay to ~13'

B108 C/50 1086 + 15 Fisher Rd. R-O-W ~3,015' W. of 813 Clay to ~13' None >13' Poor Slight Cross Country
Mason Rd.

B109 C/50 1098 + 05 Fisher Rd. R-O-W ~4,205' W. of 811 Clay to ~13' None >13' Poor Slight Cross Country
Mason Rd.

B110 C/51 1109 + 40 Fisher Rd. R-O-W @ Shephard St./ 819 Clay to ~13' None >13' Poor Slight Cross Country
Winn Rd. (NW Quad)

B111 C/51 1119 + 65 Fisher Rd. R-O-W ~1,065' W. of Shephard 819 Clay to ~13' None >13' Poor Slight Cross Country
Rd.

B112 C/52 1129 + 85 Fisher Rd. R-O-W ~2,085' W. of Shephard 815 Clay to ~9'; then None >13' Poor Minor Cross Country
Rd. Clayey Sand to ~13'

B113 C/52 1140 + 20 Fisher Rd. R-O-W ~3,120' W. of Shephard 810 Clay to ~7'; then 800 ~10' Poor Minor Cross Country
Rd. Sand to ~10'; then

Clay to ~13'

B114 C/52 1149 + 05 Fisher Rd. R-O-W ~4,005' W. of Shepard 806 Clay to ~7'; then None >13' Poor Minor Cross Country
Rd. Clayey Sand to ~10'' then

Clay to ~13'

B115 C/53 1162 + 40 Fisher Rd. R-O-W ~5,340' W. of Shepard 808 Clay to ~13' 798 ~10' Poor Minor Cross Country
Rd. (W. of Capac Rd.)

B116 C/53 1172 + 20 Fisher Rd. R-O-W ~6,320' W. of Shepard 807 Clay to ~13' None >13' Poor Slight Cross Country
Rd.

B117 C/54 1181 + 45 Fisher Rd. R-O-W ~7,245' W. of Shepard 807 Clay to ~13' None >13' Poor Slight Cross Country
Rd.

B118 C/54 1186 + 75 Fisher Rd. R-O-W ~7,775' W. of Shepard 810 Clay to ~13' None >13' Poor Slight Cross Country
Rd.

B119 C/55 1201 + 20 Fisher Rd. R-O-W ~9,220' W. of Shepard 806 Clay to ~13' None >13' Poor Slight Cross Country
Rd.

Soils information was obtained from Division C of the circa 1960's plans for the Lake Huron Water Supply Project prepared by Consoer, Townsend Associates.
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B120 C/55 1215 + 20 Fisher Rd. @ Bailey Rd. (NW Quad) 805 Clay to ~13' None >13' Poor Slight

B121 C/56 1226 + 40 Fisher Rd. ~1,190' W. of Bailey Road 808 Clay to ~13' None >13' Poor Slight

B122 C/56 1237 + 60 Fisher Rd. ~2,310' W. of Bailey Road 813 Sand to ~8'; then 802 ~11' Fair Moderate
Clayey Sand to ~13'

B123 C/57 1248 + 40 Fisher Rd. ~3,390' W. of Bailey Road 806 Clay to ~13' 795 ~11' Poor Minor

B124 C/57 1258 + 25 Fisher Rd. ~4,375' W. of Bailey Road 807 Clay to ~13' None >13' Poor Slight

B125 C/57 1267 + 60 Fisher Rd. @ Maple Valley / Martin Rd. 805 Clay to ~13' None >13' Poor Slight
(NW Quad)

B126 C/58 1280 + 50 Fisher Rd. R-O-W ~1,310' W. of 802 Peat to ~8'; then 800 ~2' Poor to Very Poor Severe Organic Soils Present, Special Pipe 
Maple Valley Rd. Silty Sand to ~13' Coating / Treatment Noted

B127 C/58 1290 + 55 Fisher Rd. R-O-W ~2,315' W. of 802 Peat to ~6'; then 795 ~7' Very Poor Moderate to Severe Organic Soils Present, Special Pipe 
Maple Valley Rd. Silty Sand to ~7'; then Coating / Treatment Noted

Clay to ~13'

B128 C/59 1300 + 65 Fisher Rd. R-O-W ~3,325' W. of 809 Clay to ~9'; then 797 ~11' Poor Moderate
Maple Valley Rd. Sand to ~12'; then

Clay to ~13'

B129 C/59 1310 + 50 Fisher Rd. R-O-W ~4,310' W. of 813 Clay to ~13' 802 ~11' Poor Moderate 
Maple Valley Rd.

B130 C/60 1322 + 40 Clear Lake Rd. @ Cade Rd. (NW 828 Clay to ~13' None >13' Poor Slight
Quad)

B131 C/60 1332 + 40 Clear Lake Rd. ~1,040' W. of Cade Rd. 846 Clay to ~13' None >13' Poor Slight

B132 C/60 1340 + 85 Clear Lake Rd. ~1,885' W. of Cade Rd. 840 Clay to ~13' None >13' Poor Slight

B133 C/61 1350 + 70 Clear Lake Rd ~2,870' W. of Cade Rd. 830 Clay to ~13' None >13' Poor Slight

B134 C/61 1360 + 35 Clear Lake Rd ~3,835' W. of Cade Rd. 817 Clay to ~13' 811 ~6' Poor Minor to Moderate

B135 C/62 1376 + 00 Clear Lake Rd. @ N. Brown City Rd. 818 Sand to ~5'; then None >14' Fair Minor
(NW Quad) Clayey Sand to ~8'; then

Clay to ~10'; then
Sand to ~14'

B136 C/62 1383 + 75 Clear Lake Rd. ~875' W. of N. Brown 823 Sand to ~2'; then None >13' Poor Minor
City Rd. Clay to ~13'

B137 C/63 1393 + 60 Clear Lake Rd. ~1,860' W. of N. Brown 818 Sand to ~4'; then None >13' Fair Minor
City Rd. Clay to 10'; then

Sand to ~13'
Soils information was obtained from Division C of the circa 1960's plans for the Lake Huron Water Supply Project prepared by Consoer, Townsend Associates.
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B138 C/63 1404 + 70 Clear Lake Rd. ~2,970' W. of N. Brown 830 Sand to ~5'; then 821 ~9' Fair Moderate
City Rd. Clay to ~9'; then

Sand and Gravel to ~13'

B139 C/63 1414 + 35 Clear Lake Rd. @ Bentley Rd. (NW 832 Clayey Sand to ~2'; then 827 ~5' Poor Moderate to Severe
Quad) Clay to ~8'; then

Sand to ~10'; then
Clay to ~13'

B140 C/64 1423 + 50 Clear Lake Rd. ~2,400' W. of Bentley 852 Clayey Sand to ~3'; then None >13' Poor Slight
Rd. Clay to ~13'

B141 C/64 1433 + 05 Clear Lake Rd. ~3,355' W. of Bentley 872 Clay to ~13' None >13' Poor Slight
Rd.

B142 C/65 1441 + 10 Clear Lake Rd. @ Dean Rd. (NW 881 Clay to ~13' None >13' Poor Slight
Quad)

B143 C/65 1453 + 90 Clear Lake Rd. ~1,320' W. of Dean 875 Clay to ~10'; then None >13' Poor Minor
Rd. Sand to ~13'

B144 C/66 1462 + 85 Clear Lake Rd. ~2,215' W. of Dean 878 Clayey Sand to ~2'; then None >13' Poor Minor
Rd. Clay to ~9'; then

Clayey Sand to ~13'

B145 C/66 1470 + 80 Clear Lake Rd. ~3,010' W. of Dean 867 Clay to 13' None >13' Poor Slight
Rd.

B146 C/66 1480 + 65 Clear Lake Rd. @ Churchill Rd. (NW 873 Clayey Sand to ~4'; then None >13' Poor Minor
Quad) Clay to ~10'; then

Sand to ~13'

B146A C/67 1489 + 10 Clear Lake Rd. ~880' W. of Churchill 839 Sand to ~2'; then 835 ~4' Fair to Poor Severe Organic Soils Present, Special Pipe 
Rd. - Swale Area Peat to ~4'; then Coating / Treatment Noted

Silty Sand to ~13'; then
Sand to ~20'

B147 C/67 1490 + 5 Clear Lake Rd. ~975' W. of Churchill 840 Sand to ~13' 838 ~2' Very Good Severe Special Pipe Coating / Treatment Noted
Rd. - Swale Area

B148 C/67 1501 + 20 Clear Lake Rd. ~2,090' W. of Churchill 837 Sand to ~2'; then None >13' Poor Slight
Rd. Clay to ~13'

B149 C/68 1512 + 30 Clear Lake Rd. ~3,200' W. of Churchill 820 Topsoil to ~4'; then None >13' Good Minor
Rd. Sand to ~13'

B150 C/68 1521 + 90 Clear Lake Rd. ~4,160' W. of Churchill 815 Peat to ~5'; then 815 0' Fair Severe Organic Soils Present, Special Pipe 
Rd. Sand to ~13' Coating / Treatment Noted

Soils information was obtained from Division C of the circa 1960's plans for the Lake Huron Water Supply Project prepared by Consoer, Townsend Associates.
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B151 C/68 1533 + 35 Clear Lake Rd. @ Van Dyke Rd. 824 Sand to ~13' 817 ~7' Very Good Moderate to Severe State Highway Crossing
M53) (NW Quad)

B152 C/69 1543 + 20 Clear Lake Rd. ~1,030' W. of Van 821 Peat to ~6'; then 815 ~6' Very Poor Severe Organic Soils Present
Dyke Rd. Organic Sand to ~10'; then

Marl to ~13'

B152A C/69 1543 + 80 Clear Lake Rd. ~1,090' W. of Van 820 Peat to ~4'; then 815 ~5' Very Poor Severe Organic Soils Present
Dyke Rd. Marl to ~9'; then

Silty Sand to ~16'; then
Clay to ~18'

B153 C/69 1549 + 35 Clear Lake Rd. ~1,645' W. of Van 828 Sand to ~3'; then 823 ~5' Fair to Poor Severe
Dyke Rd. Clay to ~9'; then

Clayey Sand to ~11'; then
Sand to ~13'

B154 C/70 1559 + 45 Clear Lake Rd. ~2,655' W. of Van 849 Clayey Sand to ~13' None >13' Fair Minor
Dyke Rd.

B155 C/70 1569 + 25 Clear Lake Rd. ~3,635' W. of Van 894 Sand to ~4'; then None >13' Fair to Poor Slight
Dyke Rd. Clay to ~13'

B156 C/70 1579 + 25 Clear Lake Rd. ~4,635' W. of Van 896 Clay to ~13' None >13' Poor Slight
Dyke Rd.

B157 C/71 1585 + 95 Clear Lake Rd. @ N. Blacks Corners 887 Clay to ~11'; then 875 ~12' Poor Minor
Rd. (NW Quad) Clayey Sand to ~13'

B158 C/71 1595 + 45 Clear Lake Rd. ~985' W. of N. Blacks 876 Clay to ~7'; then 867 ~9' Poor Moderate 
Corners Rd. Sand to ~9'; then

Clayey Sand to ~11'; then
Clay to ~13'

B159 C/71 1604 + 95 Clear Lake Rd. ~1,935' W. of N. 839 Clayey Sand to ~8'; then 839 0' Fair to Poor Severe
Blacks Corners Rd. Clay to ~13'

B160 C/72 1615 + 85 Clear Lake Rd. ~3,025' W. of N. 823 Silty Sand to ~2'; then 818 ~5' Fair Severe Organic Soils Present, Special Pipe 
Blacks Corners Rd. Peat to ~5'; then Coating / Treatment Noted

Sand to ~13'

B161 C/72 1625 + 35 Clear Lake Rd. ~3,975' W. of N. 825 Sand to ~13' 820 ~5' Very Good Severe Special Pipe Coating / Treatment Noted
Blacks Corners Rd.

B162 C/73 1637 + 75 Clear Lake Rd. @ Summers Rd. (NW 851 Clayey Sand to ~3'; then None >13' Poor Slight
Quad) Clay to ~13'

B163 C/73 1645 + 85 Clear Lake Rd. ~885' W. of Summers 856 Clayey Sand to ~4'; then None >13' Poor Minor
Rd. Clay to ~11'; then

Sand to ~13'
Soils information was obtained from Division C of the circa 1960's plans for the Lake Huron Water Supply Project prepared by Consoer, Townsend Associates.
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B164 C/74 1656 + 30 Clear Lake Rd. ~1,930' W. of 862 Clay to ~9'; then 853 ~9' Fair to Poor Moderate
Summers Rd. Sand to ~13'

B165 C/74 1667 + 90 Clear Lake Rd. ~3,090' W. of 873 Clayey Sand to ~7'; then None >13' Fair to Poor Minor
Summers Rd. Clay to ~13'

B166 C/74 1678 + 50 Clear Lake Rd. ~4,150' W. of 884 Sand to ~4'; then None >13' Fair to Poor Minor
Summers Rd. Clay to ~13'

B167 C/75 1689 + 90 Clear Lake Rd. @ Slattery Rd. (NW 875 Sand to ~3'; then None >13' Fair to Poor Minor Special Pipe Coatings / Treatment Noted to
Quad) Clay to ~12'; then East and West

Sand to ~13'

B168 C/75 1700 + 75 Clear Lake Rd. ~1,135' W. of Slattery 897 Sand to ~13' None >13' Very Good Minor
Rd.

B169 C/76 1713 + 65 Clear Lake Rd. ~2,425' W. of Slattery 922 Sand to ~13' None >13' Very Good Minor
Rd.

B170 C/76 1723 + 90 Clear Lake Rd. ~3,450' W. of Slattery 893 Sand to ~3'; then None >13' Fair Minor
Rd. Clay to ~8'; then

Sand to ~13'

B171 C/77 1735 + 80 Clear Lake Rd. ~4,640 W. of Slattery 868 Sand to ~13' 858 ~10' Very Good Moderate
Rd.

B172 C/77 1742 + 30 Clear Lake Rd. @ Cedar Creek Rd. 865 Sand to ~5'; then 854 ~11' Fair to Poor Moderate
(NW Quad) Clayey Sand to ~12'; then

Clay to ~13'

B173 C/78 1752 + 60 Clear Lake Rd. ~1,070' W. of Cedar 863 Sand to ~4'; then 856 ~7' Fair to Poor Moderate to Severe
Creek Rd. Clay to ~9'; then

Clayey Sand to ~11'; then
Sand to ~13'

B174 C/78 1766 + 10 Clear Lake Rd. ~2,420' W. of Cedar 881 Sand to ~13' None >13' Very Good Minor
Creek Rd.

B175 C/79 1774 + 90 Clear Lake Rd. ~3,300' W. of Cedar 895 Sand to ~13' None >13' Very Good Minor
Creek Rd.

B176 C/79 1783 + 60 Clear Lake Rd. ~4,170' W. of Cedar 858 Sand to ~12'; then 854 ~4' Very Good Severe
Creek Rd. Clay to ~13'

B177 C/79 1793 + 50 Clear Lake Rd. @ Lake Pleasant Rd. 849 Sand to ~5'; then None >13' Fair to Poor Minor
(NE Quad) Clayey Sand to ~10'; then

Clay to ~13'

B178 C/80 1810 + 65 Lake Pleasant Rd. ~1,645' N. of 852 Sand to ~11'; then 847 ~5' Very Good Severe
Clear Lake Rd. Clayey Sand to ~13'

Soils information was obtained from Division C of the circa 1960's plans for the Lake Huron Water Supply Project prepared by Consoer, Townsend Associates.
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B179 C/80 1819 + 25 Lake Pleasant Rd. ~2,505' N. of 853 Unreable to ~11'; then 842 ~9' Unknown Moderate Unreadable Text
Clear Lake Rd. Sand to ~13'

B180 C/80 1821 + 10 Lake Pleasant Rd. @ Snoblin Rd. 851 Sand to ~13' None >13' Very Good Minor
(NW Quad)

B181 C/81 1836 + 10 Snoblin Rd. ~1,550' W. of Lake 841 Sand to ~5'; then 836 ~5' Fair Severe Railroad Crossing
Pleasant Just East of GTRR Clayey Sand to ~11'; then

Sand to ~13'

B182 C/81 1844 + 25 Snoblin Rd. ~2,365' W. of Lake 833 Peat to ~3'; then 828 ~5' Fair to Poor Severe Organic Soils Present, Special Pipe 
Pleasant Rd. Clayey Sand to ~9'; then Coating / Treatment Noted

Sand to ~13'

B183 C/82 1854 + 10 Snoblin Rd. ~3,350' W. of Lake 836 Sand to ~5'; then None >13' Fair Minor
Pleasant Rd. Clayey Sand to ~10'; then

Sand to ~13'

B184 C/82 1866 + 60 Snoblin Rd. ~4,600' W. of Lake 832 Sand to ~3'; then None >13' Fair Minor
Pleasant Rd. Clay to ~9'; then

Sand to ~13'

B185 C/83 1873 + 70 Snoblin Rd. @ Jefferson Rd. (NW 833 Clay to ~9'; then 828 ~5' Poor Severe
Quad) Clayey Sand to ~11'; then

Sand to ~13'

B185A C/83 1876 + 50 Snoblin Rd. ~325' W. of Jefferson Rd. @ 832 Sand to ~8'; then 824 ~8' Fair to Good Moderate to Severe Creek Crossing
Unnamed Crk. (NW Quad) Clayey Sand to ~22'

B186 C/83 1884 + 20 Snoblin Rd. ~1,095' W. of Jefferson Rd. 840 Clayey Sand to ~13' 837 ~3' Fair Severe

B187 C/83 1894 + 20 Snoblin Rd. ~2,095' W. of Jefferson Rd. 836 Clayey Sand to ~12'; then 831 ~5' Fair Severe
Sand to ~13'

B188 C/84 1906 + 25 Snoblin Rd. ~3,300' W. of Jefferson Rd. 838 Topsoil to ~2'; then 826 ~12' Very Good Minor
Sand to ~13'

B189 C/84 1912 + 75 Snoblin Rd. ~3,950' W. of Jefferson Rd. 843 Sand to ~13' None >13' Very Good Minor

B190 C/85 1926 + 00 Snoblin Rd. ~5,275' W. of Jefferson Rd. 843 Sand to ~13' None >13' Very Good Minor

B191 C/85 1935 + 15 Snoblin Rd. ~6,190' W. of Jefferson Rd. 833 Peat to ~5'; then 832 ~1' Very Poor Severe Organic Soils Present
Peaty Sand to ~9'; then
Sand to ~12'; then
Clay to ~13'

B192 C/86 1952 + 10 Snoblin Rd. @ Jones Rd. (NE Quad) 850 Sand to ~13' None >13' Very Good Minor

B193 C/86 1964 + 80 Snoblin Rd. ~1,230' W. of Jones Rd. 849 Sand to ~13' None >13' Very Good Minor

Soils information was obtained from Division C of the circa 1960's plans for the Lake Huron Water Supply Project prepared by Consoer, Townsend Associates.
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B194 C/87 1972 + 30 Snoblin Rd. ~1,980' W. of Jones Rd. 837 Sand to ~13' None >13' Very Good Minor

B195 C/87 1978 + 20 Snoblin Rd. @ Five Lakes Rd. (NE 837 Sand to ~4'; then 825 ~12' Fair to Poor Minor
Quad) Clay to ~13'

B196 C/87 1989 + 05 Snoblin Rd. R-O-W ~1,045' W. of Five 843 Sand to ~13' None >13' Very Good Minor Cross Country
Lakes Rd.

B197 C/88 1998 + 00 Snoblin Rd. R-O-W ~1,940' W. of Five 825 Peat to ~4'; then 823 ~3' Very Poor Severe Cross Country, Organic Soils Present,
Lakes Rd. @ Unnamed Crk. (NE Quad) Marl to 12'; then Special Pipe Coating / Treatment Noted

Clay to ~13'

B198 C/88 2011 + 20 Snoblin Rd. R-O-W ~3,260' W. of Five 838 Sand to ~5'; then 831 ~7' Fair to Good Moderate to Severe Cross Country
Lakes Rd. Clayey Sand to ~8'; then

Sand to ~13'

B199 C/89 2022 + 40 Snoblin Rd. R-O-W ~4,380' W. of Five 838 Sand to ~13' 835 ~3' Very Good Severe Cross Country
Lakes Rd.

B200 C/89 2031 + 50 Snoblin Rd. R-O-W (E.) and Scott Rd. 858 Sand and Gravel to ~3'; then None >13' Poor Minor Organic Soils Present 
(W.) @ Fish Lake Rd. (NW Quad) Organic Sand to ~11'; then

Clayey Sand to ~13'

B201 C/90 2040 + 90 Scott Rd. ~995' W. of Fish Lake Rd. 867 Sand to ~2'; then None >13' Fair Minor
Clayey Sand to ~12'; then
Clay to ~13'

B202 C/90 2051 + 40 Scott Rd. ~2,045' W. of Fish Lake Rd. 860 Sand to ~3'; then None >13' Fair Minor
Clayey Sand to ~9'; then
Sand to ~13'

B203 C/90 2061 + 95 Scott Rd. ~3,100' W. of Fish Lake Rd. 870 Sand to ~7' (Refusal on None >7' Very Good (to 7') Minor (to 7') Possible Boulders
Boulder)

B203A C/90 2062 + 10 Scott Rd. ~3,115' W. of Fish Lake Rd. 870 Sand to ~7'; then None >13' Very Good Minor
Sand, Gravel & 
Cobbles to ~13'

B204 C/91 2072 + 60 Scott Rd. ~4,165' W. of Fish Lake Rd. 860 Sand to ~13' None >13' Very Good Minor

B205 C/91 2083 + 65 Scott Rd. @ Scholtz Rd. (NE Quad) 857 Not Described ? ? Unknown Unknown Text Missing

B206 C/92 2095 + 00 Scholtz Rd. ~1,095' S. of Scott Rd. 858 Clayey Sand to ~13' None >13' Fair Minor

B207 C/92 2105 + 35 Scholtz Rd. ~2,130' S. of Scott Rd. 859 Clayey Sand to ~13' None >13' Fair Minor

B208 C/93 2112 + 60 Norway Lake Rd. ~180' W. of Scholtz Rd. 864 Clayey Sand to ~13' None >13' Fair Minor

B209 C/93 2120 + 80 Norway Lake Rd. ~1,000' W. of Scholtz 850 Clayey Sand to ~13' None >13' Fair Minor
Rd.

Soils information was obtained from Division C of the circa 1960's plans for the Lake Huron Water Supply Project prepared by Consoer, Townsend Associates.
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B210 C/93 2130 + 40 Norway Lake Rd. ~1,960' W. of Scholtz 856 Sand to ~13' None >13' Very Good Minor
Rd.

B210A C/94 2136 + 80 Norway Lake Rd. ~2,600' W. of Scholtz 833 Peat to ~3'; then 830 ~3' Fair to Poor Severe Organic Soils Present, Special Pipe
Rd. Silty Sand to ~9'; then Coating / Treatment Noted

Clay to ~13'; then
Sand to ~18'; then
Clayey Sand to ~20'

B211 C/94 2140 + 60 Norway Lake Rd. ~2,980' W. of Scholtz 831 Peat to ~8'; then None >13' Very Poor Minor Organic Soils Present, Special Pipe
Rd. Marl to ~13' Coating / Treatment Noted

B212 C/94 2150 + 25 Norway Lake Rd. @ Millis Rd. (NW 836 Sand to ~5'; then 828 ~8' Fair Moderate to Severe
Quad) Clay to 11'; then

Sand to ~14'

B213 C/95 2163 + 40 Norway Lake Rd. @ Weir Rd. (NW 851 Sand to ~4'; then None >13' Fair Minor
Quad) Clay to ~8'; then

Sand to ~13'

B214 C/95 2174 + 20 Norway Lake Rd. ~1,090' W. of Weir Rd. 839 Sand to ~9'; then 831 ~8' Good Moderate to Severe
Clay to ~12'; then
Sand to ~13'

B215 C/96 2183 + 00 Norway Lake Rd. ~1,970' W. of Weir Rd. 827 Peat to ~5'; then 816 ~11' Very Poor Moderate Organic Soils Present, Special Pipe
Marl to ~9'; then Coating / Treatment Noted
Clay to ~11'; then
Sand to ~13'

B215A C/96 2188 + 80 Norway Lake Rd. ~2,550' W. of Weir Rd. 830 Sand to ~3'; then 820 ~10' Fair to Good Moderate Special Pipe Coating / Treatment Noted
Clay to ~6'; then (to ~13') (to ~13')
Sand to 12'; then
Clay to ~20'

B216 C/96 2194 + 40 Norway Lake Rd. ~3,110' W. of Weir Rd. 837 Clayey Sand to ~14'; then 824 ~13' Fair Minor
Sand to ~15'

B217 C/96 2203 + 65 Norway Lake Rd. ~4,035' W. of Weir Rd. 830 Sand to ~13' 823 ~7' Very Good Moderate to Severe

B218 C/97 2216 + 20 Norway Lake Rd. @ Lapeer Rd. (NW 833 Peat to ~5'; then None >13' Very Poor Minor State Highway Crossing
Quad) Marl to ~8'; then Organic Soils Present, Special Pipe 

Clay to ~13' Coating / Treatment Noted

B219 C/97 2226 + 95 Norway Lake Rd. ~1,135' W. of Lapeer Rd. 855 Sand to ~13' None >13' Very Good Minor

B220 C/98 2236 + 75 Norway Lake Rd. ~2,115' W. of Lapeer Rd. 855 Sand to ~13' None >13' Very Good Minor

B221 C/98 2247 + 10 Norway Lake Rd. ~3,150' W. of Lapeer Rd. 846 Sand to ~13' None >13' Very Good Minor

B222 C/99 2257 + 00 Norway Lake Rd. ~4,140' W. of Lapeer Rd. 843 Sand to ~13' None >13' Very Good Minor
Soils information was obtained from Division C of the circa 1960's plans for the Lake Huron Water Supply Project prepared by Consoer, Townsend Associates.
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B223 C/99 2269 + 50 Norway Lake Rd. @ Valentine Rd. (NW 820 Sand to ~13' None >13' Very Good Minor
Quad)

B223A C/99 2276 + 60 Norway Lake Rd. ~710' W. of Valentine 787 Sand to ~2'; then 780 ~7' Poor Moderate to Severe Organic Soils Present, Special Pipe
Rd. Peaty Sand to ~7'; then Coating / Treatment Noted

Clay to ~9'; then
Clayey Sand to ~14'; then
Clay to ~17'; then
Clayey Sand to ~20'

B224 C/100 2283 +85 Norway Lake Rd. ~1,435' W. of 781 Sand to ~1'; then None >13' Very Poor Minor Organic Soils Present, Special Pipe
Valentine Rd. Peaty Clay to ~5'; then Coating / Treatment and Pile-Supported

Peat to ~13' Pipe Cradle Noted

B225 C/100 2293 + 80 Norway Lake Rd. ~2,430' W. of 785 Loam to ~3'; then 779 ~6' Good Severe Special Pipe Coating / Treatment and
Valentine Rd. Sand to ~9'; then Pile-Supported Pipe Cradle Noted

Clay to ~11'; then
Sand to ~13'

B225A C/100 2301 + 20 Norway Lake Rd. ~3,170' W. of 779 Sand to ~3'; then None >20' Poor Minor to Moderate Organic Soils Present, Special Pipe 
Valentine Rd. Peaty Sand to ~6'; then Coating / Treatment Noted

Soft Clay to ~15'; then
Sand to 20'

B226 C/101 2303 + 60 Norway Lake Rd. ~3,410' W. of 777 Fill to ~3'; then None >20' Poor Minor to Moderate Organic Soils Present, Special Pipe 
Valentine Rd. Silty Sand to ~5'; then Coating / Treatment Noted

Peat to ~13'

B227 C/101 2314 + 20 Norway Lake Rd. ~4,470' W. of 775 Sand to ~5'; then 770 ~5' Good Severe Special Pipe Coating / Treatment Noted
Valentine Rd. Silty Sand to ~13'

B228 C/101 2321 + 30 Norway Lake Rd. ~5,180' W. of 782 Sand to ~13' None >13' Very Good Minor Special Pipe Coating / Treatment Noted
Valentine Rd.

B229A C/102 2330 + 00 Norway Lake Rd. ~6,050' W. of 780 Sand to ~25' 768 ~12' Very Good Minor River Crossing
Valentine Rd. @ Flint River (NW Quad)

B230 C/102 2333 + 30 Norway Lake Rd. ~6,380' W. of 783 (In Ditch Sand to ~13' None >13' Very Good Minor
Valentine Rd. Bottom)

B231 C/102 2343 + 85 Norway Lake Rd. ~7,435' W. of 794 (In Ditch Sand to ~13' None >13' Very Good Minor
Valentine Rd. Bottom)

B232 C/103 2357 + 70 Norway Lake Rd. ~8,820' W. of 816 Sand to ~13' None >13' Very Good Minor
Valentine Rd.

B233 C/103 2368 + 20 Norway Lake Rd. @ Flint River Rd. 818 Sand to ~13' None >13' Very Good Minor

Soils information was obtained from Division C of the circa 1960's plans for the Lake Huron Water Supply Project prepared by Consoer, Townsend Associates.
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6.1 TRANSMISSION LINES 
 
6.1.1 General 
 
This technical memorandum describes the general design criteria for raw water transmission lines as 
components of the Lake Huron Water Supply Study. 
 
6.1.2 

1. 

Transmission Lines 
 
The Project has five major transmission pipe lines. Four are raw water lines and one dual line is finished 
water. 
 
The waterlines are sized to maintain a velocity of 5 feet per second or less under all operating conditions 
and have operating pressures less than 200 psi.  
 
A detailed hydraulic analysis has not been performed as part of the planning study but it will be required 
as part of the detailed design of the system. 
 

203,280 feet of 72-inch diameter steel pipe (cement mortar-lined) or pressure concrete cylinder 
pipe (PCCP). Both pipe materials have similar installed costs. The actual material should be 
selected based on costs and conditions at the time of construction. The breakdown of costs for 
PCCP will be used for the remainder of this technical memorandum. 
 
The Lake Huron Transmission pipeline conveys raw water from the Lake Huron Pump Station to 
the Raw Water Reservoir, approximately 38.5 miles west of the pump station. 
 

Lake Huron Transmission 

2. 

77,760 feet of 54-inch diameter ductile iron pipe (DIP). Costs are based on DIP Class 200 in this 
technical memorandum. The actual class of pipe must be determined during the design phase. 
 
The North Transmission pipeline is one of two lines to convey raw water from the Reservoir to 
the Genesee County WTP or serve as the first leg of the raw water supply to the Flint WTP. There 
will be valves near the Genesee WTP to allow either alternate to be implemented. 
 

North Transmission 

3. 

44,265 feet of 60-inch DIP, and 29,186 feet of 54-inch diameter DIP. Costs are based on DIP 
Class 200 in this technical memorandum. The actual class must be determined during the design 
phase. 
 
The South Transmission pipeline is the other line that will convey raw water from the Reservoir 
to the Lapeer and Genesee County WTPs or serve as the first leg of the raw water supply to the 
Flint WTP with the north transmission serving as a backup. There will be valves near the Genesee 
WTP to allow either alternate to be implemented.  
 

South Transmission 

4. 

74,560 feet of 48-inch diameter DIP. Costs are based on DIP Class 200 in this technical 
memorandum. Pipe class(es) need to be determined during the design phase. 
 

Flint Transmission 
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The Flint Transmission pipeline conveys raw water from the North Transmission pipeline to the 
Flint WTP. The Flint Transmission pipeline can also be fed by the South Transmission pipeline 
passing through the Genesee WTP site as a backup to the North Transmission pipeline.  
 

5. 
 

28,420 feet of 42-inch DIP. Costs are based on DIP Class 200 in this technical memorandum. 
Pipe class(es) need to be determined during the design phase. 
 
Finished water from the Genesee County Water Treatment plant will be conveyed to the existing 
Henderson Road Pump Station by two parallel 42-inch pipelines. The pipelines will be 
constructed in separate parallel trenches. The pipe length reflects total pipe length of the two 
pipelines.  
 
See Appendix 5 for additional detail of routing, alignments, and surface conditions for each of the 
five Transmission Pipelines.  

 
6.1.3 

Genesee County Finished Water Transmission 

1. 

Pipe Installation 
 
The following is a discussion of components that are included in transmission pipeline and used to 
develop the estimate of costs. They are presented in the order shown on the estimate forms. The estimate 
forms follow this discussion. 
 

 
The 72-inch pipe will be either cement mortar lined steel or pressure concrete cylinder pipe rated 
for 200 psi pressure. All other pipe for the project is DIP, with push-on joints with integral joint 
restraint as needed. Pressure Class 200 has been assumed here, but the actual class proposed 
needs to be determined during design. 
 
Material prices for pipe are based on manufacturer’s pricing December 2008.  
 
The installation rates for the pipelines are based on production rates for similar pipe sizes and soil 
and site conditions. Information obtained through conversation with contractors. 
 
72-inch pipe installed at a typical rate of 300 ft/day 
60-inch pipe installed at a typical rate of 250 ft/day 
48 and 54-inch pipe installed at a typical rate of 300 ft/day 
48-inch pipe installed in developed areas (in Flint vicinity) at a rate of 200 ft/day. 
42-inch pipe installed at a typical rate of 300 ft/day   
 
DIP Pipe Encasement – Polyethylene Wrap “Polywrap” – 4 mil HDT 

 

Pipe 

2. 
 

A standard pipeline crew for installation of the transmission pipelines consists of seven-man 
crew. 
 
Assume $550/day/ man  
Labor cost = $3,850/day 

 

Labor 
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3. 
 

Typical equipment for the transmission line installation: 
 
 375 Cat Excavator 
 950 Cat Loader 
 D-8 Dozer 
 (trucks included in hauled materials prices) 

 

Equipment  

4. 
 

Fuel cost for the listed equipment is $973 per day. 
This is based on 350 gallons per day consumption and diesel at $2.78 per gallon (December 
2008). 

 

Fuel Costs 

5. 
 

The pipe installation will use a Type 4 trench.  
 
The bedding with this installation will be sand or gravel from 6 to 8-inches below bottom of the 
pipe to one foot above the top of pipe. Width of pipe trench at the bottom will be pipe diameter 
plus 12-inches either side.  
 
Sand will be Class 2 at $5.50 per ton 
Stone will be 6A at $18.00 per ton 
 
Costs have been included to haul bedding materials to the site and haul out spoil materials 
associated with the bedding material displacement.  
 
Typical cost for hauling materials to and from the job, including labor and equipment, is $5.00 
per cubic yard. 
 
The pipeline construction in the project area is likely to encounter wet conditions in some 
sections which will require dewatering. For the project estimates, 20 percent of the trench length 
is assumed to require dewatering (See Item 6 below). The trenches in dewatered areas will have 
6A stone used for bedding from the trench bottom to the spring-line of the pipe instead of sand. 
The remainder of backfill around the pipe will be sand.  
 
The two types of pipe bedding for the project are noted as wet-construction and dry-construction. 

 

Pipe Bedding 

6. 
 

The pipe installation will require dewatering due to the location of the project and the native 
conditions. As noted, it is assumed that 20 percent of the pipe installation will require dewatering.  
 
Typical cost for dewatering is $40 per foot. 
 
Note: Additional support for the installed pipe due to poor soils such as peat or marl needs to be 

evaluated after detailed soils investigations are completed.  
 

Dewatering 

7. Specials & Appurtenances 
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The routes of the various pipe line and the installation location in-paved roads or gravel roads, 
adjacent to roads in easements, or cross-country in-easement are presented in Appendix 5. The 
routing and shifting alignments will require pipe fittings in most cases to achieve the deflections. 
For the transmission pipeline estimates, pipeline offsets are done using two 45-degree bends. 
Right-angle bends are also done using two 45-degree bends.  

 
The costs represent material cost only. The installation cost is included in the pipe construction 
cost.  
 

8. 
 

Air release valves will be installed along the pipe line as needed for proper operation. Previous 
initial designs for the Lake Huron transmission main were used to develop preliminary quantities.  
The air release valves will be installed in concrete chambers, 9 feet by 9 feet with adequate height 
for the air release valve. 

 

Air Release Valves 

9. 
 

Valves will be installed in the transmission main at approximately six (6) mile intervals to isolate 
the line for emergencies and routine inspections. The valves will be knife gate valves with electric 
actuators. The valves will be pressure rated for 200 psi where necessary. 
 
The actuators will be either 480V 3-phase, or 240 V single-phase. The single phase power will 
allow power to be more readily supplied to the remote sites along the transmission lines.  
 
The valve assemblies will be installed in reinforced concrete vaults with manhole access. The top 
slab of the vault will be removable.  
 
The cost represents the complete installation including the valve, actuator, and concrete chamber.  

 

Isolation Valves 

10. 
 

Blow-off valves will be installed on the transmission line for flushing sections of lines. They will 
provide a flow adequate to suspend and transport sediment as needed.  
 
The blow-off valve assembly will consist of a tee fitting with 18-inch side outlet on the 
transmission line with an 18-inch gate valve in a separate valve chamber and approximately 100 
feet of 18-inch DIP to transport the blow-off flow to a discharge point.  
 
The cost represents the complete installation including the fitting, valve, piping and chamber.  

 

Blow-Off Valves 

11. 
 

Flushing hydrants will be installed along the route for construction needs and routine access for 
the operation and maintenance of the transmission lines. These will be typical hydrant assemblies 
connected to the transmission line installed at 18,000 to 20,000 feet intervals.  

 

Flushing Hydrants 

12. 
 

Pipe in Tunnel 
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It will be necessary to install the pipe in tunnels at several locations. The tunnel construction is 
based on a steel liner plate tunnel approximately 12-inches larger than the outside diameter of the 
pipe bells. The transmission line will be installed after the tunnel is complete. Tunnel construction 
will be used to cross State Highways, active Railroads, and streams and rivers. The location of the 
pipe in tunnel installation is addressed in Technical Memorandum 5. 
 
The price to construct the primary tunnel, without pipe costs, for the 48-inch through 72-inch pipe 
is $2,135 per foot. 

 
6.1.4 Construction Schedule 
 
The construction schedule for the transmission lines is based on several factors. The key factor is the daily 
production rate of pipe installation, estimated to be between 200 to 300-feet per day. Other factors are 
lead time to begin getting piping and equipment delivered to the site, time needed to construct the various 
chambers for the valves and other appurtenances, and the time to complete surface restorations which will 
be on-going throughout the project. Seasonal limitations must also be taken into account.  
 
The transmission lines construction schedule is impacted by the number of construction contracts to be 
used for each of the five transmission line projects.  
 
 

6.2 ANNUAL OPERATIONS AND MAINTENANCE COSTS 
 
6.2.1 Annual Operating Costs 
 
The following assumptions were made for operating costs: 
 
1. Power cost based on $100 per month per valve for electrically-operated knife gate valves. 
 
2. Direct Labor Cost of $25 per hour with a fringe benefit rate of 1.62. 
 
This estimate assumes a two-man crew will inspect and exercise the valves and chambers along all routes 
six times per year at 30 hours per inspection. 
 
6.2.2 Annual Maintenance Costs 
 
Maintenance costs were assumed as follows: 
 
1. Valves and Hydrants – 2-1/2 percent of original costs (40 years) 
 
2. Pipelines – 1-1/3 percent of original cost (75 years) 
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Table 6-1 
Annual Operations and Maintenance Costs 

 
Operating Costs  

Labor $14,580 
Power $22,800 

Subtotal $37,380 
Maintenance Costs  

Valves & Hydrants 2-1/2% $197,490 
Piping 1-1/3% $1,904,045 

Subtotal $2,101,535 
  
Total O&M Costs $2,138,915 
 

 
 
 

6.3 COSTS ESTIMATES 
 
6.3.1 Cost Estimates 
 
Cost estimates for the five transmission lines are on the following pages. 
 
 



Pipe Size 72 inches
Total Length 203,280        feet 38.5 miles
Open Cut Length 202,640        feet
Tunnel-Installed 640 feet

MATERIAL (Open Cut) Length (ft) $ / LF TOTAL
Cost of Pipe 202,640        380.00$           77,003,200$             

LABOR Days (Cost/Day) TOTAL
Labor 676 3,850.00$        2,602,600$               

EQUIPMENT  Days (Cost / day) TOTAL
Equipment 676 1,522.00$        1,028,872$               

FUEL Days Daily Usage (gl) Cost (gl) TOTAL
Fuel 676 350 2.78$               657,748$                  

PIPE BEDDING Length (ft) Volume (cy) Unit Cost TOTAL
Wet Construction
Stone 6A 40,528          18,537                  18.00$             333,659$                  
Sand Class 2 40,528          22,039                  5.50$               121,215$                  
Hauling (Bedding Material) 40,576                  5.00$               202,878$                  
Haul Away Spoils 70,048                  5.00$               350,242$                  
Dry Construction
Sand Class 2 162,112        162,302                5.50$               892,663$                  
Hauling (Bedding Material) 162,302                5.00$               811,512$                  
Haul Away Spoils 280,194                5.00$               1,400,968$               
   SUB  TOTAL 4,113,136$               

DEWATERING Length (ft) $ / LF TOTAL
Dewatering 40,528          40.00$             1,621,120$               

P I P E    S U B T O T A L 87,026,676$      
COST OF PIPE /ft 428.11$             

SPECIALS Unit Cost TOTAL
   Air Release Valve Units 46 units 29,000$           1,334,000$               
   Isolation Valve Units 7 units 231,000$         1,617,000$               
   Blow-off Valve Unit 11 units 76,500$           841,500$                  
   Flushing / Hydrant 11 units 2,000$             22,000$                    
   SUB  TOTAL 3,814,500$               

Tunnel Installed Sections
   Black River 300 ft 2,515$             754,500$                  
   Hyway M-19 120 ft 2,515$             301,800$                  
   Railroad Crossing 100 ft 2,515$             251,500$                  
   Van Dyke Rd. 120 ft 2,515$             301,800$                  
   SUB  TOTAL 640 ft 1,609,600$               

SUB  TOTAL 92,450,776$             
OVERHEAD & PROFIT 15% 13,867,616$             
G R A N D  -  T O T A L 106,318,393$     

LAKE HURON TRANSMISSION

 Jones Henry Engineers, Ltd. 1/20/2009



Pipe Size 54 inches
Total Length 77,760                   feet 14.73 miles
Open Cut Length 77,390                   feet
Tunnel-Installed 370 feet

MATERIAL (Open Cut) Length (ft) $ / LF TOTAL
Cost of Pipe 77,390                    285.00$           22,056,150$            

LABOR Days (Cost/Day) TOTAL
Labor 258 3,850.00$        993,300$                 

EQUIPMENT  Days (Cost / day) TOTAL
Equipment 258 1,522.00$        392,676$                 

FUEL Days Daily Usage (gl) Cost (gl) TOTAL
Fuel 258 350 2.78$               251,034$                 

PIPE BEDDING Length (ft) Volume (cy) Unit Cost TOTAL
Wet Construction
Stone 6A 15,478                    5,570                    18.00$             100,265$                 
Sand Class 2 15,478                    6,717                    5.50$               36,942$                   
Hauling (Bedding Material) 12,287                  5.00$               61,435$                   
Haul Away Spoils 19,491                  5.00$               97,454$                   
Dry Construction
Sand Class 2 61,912                    49,148                  5.50$               270,315$                 
Hauling (Bedding Material) 49,148                  5.00$               245,741$                 
Haul Away Spoils 77,963                  5.00$               389,816$                 
   SUB  TOTAL 1,201,967$              

DEWATERING Length (ft) $ / LF TOTAL
Dewatering 15,478                    40.00$             619,120$                 

P I P E    S U B T O T A L 25,514,247$      
COST OF PIPE /ft 328.12$             

SPECIALS Unit Cost TOTAL
   Bends 40 units 11,014$          440,561$                
   Air Release Valve Units 17 units 25,000$          425,000$                
   Isolation Valve Units 4 units 153,000$         612,000$                 
   Blow-off Valve Unit 4 units 69,025$           276,100$                 
   Flushing / Hydrant 4 units 2,000$             8,000$                     
   SUB  TOTAL 1,761,661$              

Tunnel Installed Sections
   Lapeer Road 120 ft 2,420$             290,400$                 
   Flint River 250 ft 2,420$             605,000$                 
   SUB  TOTAL 370 ft 895,400$                 

SUB  TOTAL 28,171,309$            
OVERHEAD & PROFIT 15% 4,225,696$              
G R A N D  -  T O T A L 32,397,005$      

NORTH TRANSMISSION

 Jones Henry Engineers, Ltd. 1/20/2009



Pipe Size 60 inches
Total Length 44,265               feet 8.38 miles
Open Cut Length 43,995               feet
Tunnel-Installed 270                    feet
Pipe Size 54 inches
Total Length 29,186               feet 5.53 miles
Open Cut Length 29,186               feet
Tunnel-Installed -                    feet
MATERIAL (Open Cut) Length (ft) $ / LF TOTAL
Cost of Pipe 60 inches 43,995 328.00$              14,430,262$         
Cost of Pipe 54 inches 29,186 285.00$              8,317,872$           
LABOR Days (Cost/Day) TOTAL
Labor 244 3,850.00$           939,400$              

EQUIPMENT  Days (Cost / day) TOTAL
Equipment 244 1,522.00$           371,368$              

FUEL Days Daily Usage (gl) Cost (gl) TOTAL
Fuel 244 350 2.78$                  237,412$              

PIPE BEDDING Length (ft) Volume (cy) Unit Cost TOTAL
Wet Construction
Stone 6A 14,636               5,267                 18.00$                94,810$                
Sand Class 2 14,636               6,351                 5.50$                  34,933$                
Hauling (Bedding Material) 11,619               5.00$                  58,093$                
Haul Away Spoils 18,431               5.00$                  92,153$                
Dry Construction
Sand Class 2 58,544               46,475               5.50$                  255,610$              
Hauling (Bedding Material) 46,475               5.00$                  232,373$              
Haul Away Spoils 73,722               5.00$                  368,611$              
   SUB  TOTAL 1,136,584$           

DEWATERING Length (ft) $ / LF TOTAL
Dewatering 14,636               40.00$                585,442$              

P I P E    S U B T O T A L 26,018,340$    
COST OF PIPE /ft 354.23$          

SPECIALS Unit Cost TOTAL
   Bends 24 units 11,014$              264,337$              
   Air Release Valve Units 17 units 25,000$              425,000$              
   Isolation Valve Units (60") 2 units 184,000$            368,000$              
   Isolation Valve Units (54") 2 units 153,000$            306,000$              
   Blow-off Valve Unit 2 units 69,025$              138,050$              
   Flushing / Hydrant 4 units 2,000$                8,000$                  
   SUB  TOTAL 1,509,387$           

Tunnel Installed Sections
   Lapeer Road 120                    ft 2,463$                295,560$              
   Flint River 150                    ft 2,420$                363,000$              
   SUB  TOTAL 270                    ft 658,560$              

SUB  TOTAL 28,186,287$         
OVERHEAD & PROFIT 15% 4,227,943$           
G R A N D  -  T O T A L 32,414,230$    

SOUTH  TRANSMISSION

 Jones Henry Engineers, Ltd. 2/18/2009



Pipe Size 48 inches
Total Length 74,560               feet 14.12 miles
Open Cut Length 74,140               feet
Special Installation Sewer Area 26,400               feet 5.00 miles
Tunnel-Installed 420 feet

MATERIAL (Open Cut) Length (ft) $ / LF TOTAL
Cost of Pipe 74,140               222.00$          16,459,080$               

LABOR Days (Cost/Day) TOTAL
Labor (Normal Installation) 160 3,850.00$       616,000$                    
Labor (Sewer Area) 132 3,850.00$       508,200$                    
   SUB  TOTAL 1,124,200$                 

EQUIPMENT  Days (Cost / day) TOTAL
Equipment 292 1,522.00$       444,424$                    

FUEL Days Daily Usage (gl) Cost / gl TOTAL
Fuel 292 350 2.78$              284,116$                    

PIPE BEDDING Length (ft) Volume (cy) Unit Cost TOTAL
Wet Construction
Stone 6A 14,828               5,336                    18.00$            96,054$                      
Sand Class 2 14,828               6,435                    5.50$              35,391$                      
Hauling (Bedding Material) 11,771                  5.00$              58,855$                      
Haul Away Spoils 18,672                  5.00$              93,361$                      
Dry Construction
Sand Class 2 59,312               47,084                  5.50$              258,963$                    
Hauling (Bedding Material) 47,084                  5.00$              235,421$                    
Haul Away Spoils 74,689                  5.00$              373,446$                    
   SUB  TOTAL 1,151,491$                 

DEWATERING Length (ft) $ / LF TOTAL
Dewatering 14,828               40.00$            593,120$                    

P I P E    S U B T O T A L 20,056,431$        
COST OF PIPE /ft 269.00$              

SPECIALS Unit Cost TOTAL
   Bends 50 units 19,793$          989,672$                    
   Air Release Valve Units 17 units 29,000$          493,000$                    
   Isolation Valve Units 3 units 84,000$          252,000$                    
   Blow-off Valve Unit 4 units 76,500$          306,000$                    
   Flushing / Hydrant 4 units 2,000$            8,000$                        
   SUB  TOTAL 2,048,672$                 

Tunnel Installed Sections
   State Road 120 ft 2,357$            282,840$                    
   Flint River 300 ft 2,357$            707,100$                    
   SUB  TOTAL 420 ft 989,940$                    

SUB  TOTAL 23,095,042$               
OVERHEAD & PROFIT 15% 3,464,256$                 
G R A N D  -  T O T A L 26,559,299$        

FLINT TRANSMISSION

 Jones Henry Engineers, Ltd. 1/20/2009



Pipe Size 42 inches
Total Length 28,420        feet 5.38 miles
Open Cut Length 28,420        feet
Tunnel-Installed 0 feet

MATERIAL Length (ft) $ / LF TOTAL
Cost of Pipe 28,420        171.00$                 4,859,820$          

LABOR Days (Cost/Day) TOTAL
Labor 95 3,850.00$             365,750$             

EQUIPMENT  Days (Cost / day) TOTAL
Equipment 95 1,522.00$             144,590$             

FUEL Days Daily Usage (gl) Cost / gl TOTAL
Fuel 95 350 2.78$                     92,435$               

PIPE BEDDING Length (ft) Volume (cy) Unit Cost TOTAL
Wet Construction
Stone 6A 5,684          1,785                18.00$                   32,138$               
Sand Class 2 5,684          2,171                5.50$                     11,943$               
Hauling (Bedding Material) 3,957                5.00$                     19,784$               
Haul Away Spoils 5,982                5.00$                     29,911$               
Dry Construction
Sand Class 2 22,736        15,827              5.50$                     87,050$               
Hauling (Bedding Material) 15,827              5.00$                     79,136$               
Haul Away Spoils 23,929              5.00$                     119,645$             
   SUB  TOTAL 379,606$             

DEWATERING Length (ft) $ / LF TOTAL
Dewatering 5,684          40.00$                   227,360$             

P I P E    S U B T O T A L 6,069,561$     
COST OF PIPE /ft 213.57$          

SPECIALS Unit Cost TOTAL
   Bends 16 units 7,710$                   123,360$             
   Air Release Valve Units 6 units 23,000$                 138,000$             
   Isolation Valve Units 2 units 97,430$                 194,860$             
   Blow-off Valve Unit 2 units 61,550$                 123,100$             
   Flushing / Hydrant 2 units 2,000$                   4,000$                 
   SUB  TOTAL 583,320$             

SUB  TOTAL 6,652,881$          
OVERHEAD & PROFIT 15% 997,932$              
G R A N D  -  T O T A L 7,650,813$     

GENESEE COUNTY FINISHED WATER LINE

 Jones Henry Engineers, Ltd. 1/20/2009



DESCRIPTION LENGTH COST/FT COST

LAKE HURON TRANSMISSION 203,280 $523.01 $106,318,393

NORTH TRANSMISSION 77,760 $416.63 $32,397,005

SOUTH  TRANSMISSION 73,450 $441.31 $32,414,230

FLINT TRANSMISSION 74,560 $356.21 $26,559,299

GENESEE COUNTY FINISHED WATER LINE 28,420 $269.21 $7,650,813

S U B  -  T O T A L S 457,470 $448.86 $205,339,739

15% CONSTRUCTION CONTINGENCY $30,800,961

5% DESIGN CONTINGENCY $10,266,987

17% ENGINEERING, LEGAL, BOND & ADMINISTRATIVE $34,907,756

TOTAL CONSTRUCTION COST $281,315,443

COST  SUMMARY

Jones Henry Engineers, Ltd. 2/18/2009
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7.1 RESERVOIR 
 
7.1.1 General 
 
This technical memorandum describes the general design criteria for an upground reservoir and reservoir 
pump station as components of the Lake Huron Water Supply Study. 
 
7.1.2 Reservoir Size 
 
The raw water reservoir has been sized to hold 94 percent of the projected 25-year, maximum-day 
demand (MDD) or 78.5 mgd for a period of 7 days, plus an approximate 20 percent of additional working 
volume. This is considered a sufficient amount of time to make any emergency repairs to the pipeline, 
pumping station, or other. The additional working volume would be to maintain a minimum pool depth 
and possible water quality issues that comes with shallow water. The reservoir will turn over in terms of 
volume several times in the course of a year. The number of times is contingent on the volume of water 
used. Seasonally, the reservoir will turn over (temperature inversion) twice. 
 
In terms of water loss due to evaporation, there should be an approximate balance from precipitation 
annually. At times, there will be some water loss from evaporation during hot dry weather, but the loss 
should be negligible percentage wise. 
 
Seepage loss through the levee could be significant if it is not properly constructed with liners to reduce 
the loss. Bentonite clay liner of one-foot thick has been assumed in the cost estimate to reduce seepage. 
Final Design should include a blanket drain or toe drain at the base of the levee to accommodate seepage. 
 
There is no ideal depth of water for a reservoir; generally, the deeper the better. A typical depth of 35 feet 
has been selected. Reservoirs with depths less than 20 feet will have seasonal excess blue-green or 
another algae growth with subsequent water quality problems. 
 
The following is the recommended reservoir size for 2014 through 2039 and for a second cell to be 
constructed by the year 2039: 
 
Required Volume = 7 days x 0.94 x 78.5 mgd = 516.5 mg + 20 % = 620 mg 
 
Wetted Perimeter Total 20 Total 2039 
 
 62 acres 100 acres 190 acres 
 
The recommended size includes acreage to construct a reservoir pump station with access roads. 
 
7.1.3 Reservoir Details 
 
A single cell reservoir is recommended. A second cell should be constructed in the future as water usage 
increases. The second cell would be constructed to have a common levee between the two celled 
reservoir. A benefit of having a second cell would be to have a backup, should the levee fail on one of 
them. A bypass line is included for pumping directly to the suction side of the reservoir pump station and 
bypassing the reservoir. A rate control valve would be used to match pumping from the Lake Huron 
Pump Station to the pumps discharging from the reservoir pump station. 
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As an alternative to the rate control valve, a minimum three million gallon storage tank should be 
constructed on the bypass line to accommodate differences in pumping rates of the two pump stations (see 
Figure 1). 
 
Maintenance will include vegetative control (mowing) as well as control of burrowing animals and 
maintenance and monitoring of drainage tiles. 
 
A very preliminary study of the proposed property was conducted. Using well logs in the area and 
published geological information of that regional area. The conclusion was that it does appear that there 
may be significant quantities of clay bearing soil materials from which to construct dikes with liners. 
 
A typical reservoir cross section is shown in Figure 2. Actual recommendations for type and thickness of 
liners can only be made after a thorough site investigation. 
 
A single line entering near the top of the reservoir to prevent draining in the event of a pipe break is 
recommended with a sediment trap (Figure 3). The trap will provide sufficient time for heavier solids to 
settle out. The trap will have to be cleaned periodically. 
 
A multi-port outlet structure will be provided (Figure 4). Sluice gates would be mounted at various 
heights. A single sluice gate would be opened in order to draw off the best quality water. The best water 
quality depth could change seasonally or for some other reason. The outlet structure could be accessed by 
a bridge from the top of the dike (vandal potential) or by boat (inconvenient). An overflow/reservoir drain 
structure would be provided (Figure 5). The discharge line would run to an appropriate point. No 
chemical feed provisions are contemplated. Hand broadcasting of copper sulfate via boat would likely be 
necessary at the onset of summer for curtailing blue-green algae. 
 
An outfall structure will be provided to dissipate energy in the event of an accidental overflow. 
 
7.1.4 Identification of Site 
 
There are a number of potential sites in the area that may be suitable for an upground reservoir. 
 
Sites in the area have significant changes in the topography and may be difficult if not impossible to 
achieve an earth balance. However, there will be more than sufficient backfill available from construction 
of the transmission lines if needed. 
 
A thorough evaluation will be necessary including an environmental site assessment and a wetlands 
study. 
 
7.1.5 Permitting 
 
As previously mentioned, an environmental assessment must be conducted for the presence or absence of 
hazardous or toxic materials in the soil, subsurface, or ground water. The wetlands study would determine 
presence or absence of wetlands or protected species. 
 
The design of the reservoir would be reviewed by the DEQ and DNR to evaluate its compliance with state 
requirements and the Federal Dam Safety Act of 1994. Local zoning/planning commission requirements 
must also be addressed. 
 
7.1.6 Water Quality 
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As may be expected, the water quality will not be quite as good as directly from Lake Huron. However, 
because of its large size for any alternative and the multi-port outlet, it should not diminish by much. 
Seasonal application of copper sulfate will probably be a requirement. The small amount of copper sulfate 
applied has no effect on corrosion and negligible effect on lead/copper programs. 
 
7.1.7 Security 
 
An eight foot high chain link fence with barbed wire around the entire reservoir site is recommended. A 
separate eight foot high chain link fence with barbed wire is recommended for the reservoir pump station. 
 
7.1.8 Ice 
 
Withdrawing water at a low velocity and choosing the proper outlet to withdraw water should eliminate 
any problems of ice in the reservoir pump station. A means of back flushing the intake line utilizing the 
reservoir pumps could be considered. 
 
7.1.9 Construction Cost 

Table 7-1 
Estimated Reservoir Construction Cost 

 

Item Unit Cost Unit Estimated 
Quantity 

Estimated 
Cost 

Mobilization $100,000 Lump Sum 1 $100,000 
Clearing $6,500 Acre 100 $650,000 
Embankment $3.50 Cubic Yard 1,337,000 $4,679,500 
12-inch Bentonite Liner $13,000 Acre 80 $1,040,000 
Rip-Rap Liner $40 Cubic Yard 56,000 $2,240,000 
Seeding $2,500 Acre 35 $87,500 
Blanket Drain $30 Ton 36,200 $1,086,000 
Structures $100,000 Each 5 $500,000 
Access Roads $15 Ton 7,000 $105,000 
Security Fence $18 Lineal Feet 9,500 $171,000 

Subtotal     $10,659,000 
15% Construction Contingency    $1,598,850 
5% Design Contingency    $532,950 
17% Engineering, Legal, Bond, 
 and Administrative    $1,812,030 

Total Construction Cost    $14,602,830 
 
The alternative three million gallon bypass storage tank would add an additional $2,800,000 to the 
subtotal or $13,459,000 and bring the total construction cost to $19,784,730. 
 
7.1.10 Schedule 
 
There is no anticipated long lead time for shop drawing approval and manufacturing of any item related to 
the reservoir. Depending on the specific location and the availability of excavated material from the 
transmission lines construction, the reservoir should be able to be constructed in 12 to 15 months. 
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7.2 RESERVOIR PUMP STATION 
 
7.2.1 General 
 
The pump station has been sized to provide the projected 25-year, maximum-day demand (MDD) for the 
proposed Genesee County Water Treatment Plant, Flint Water Treatment Plant, and Lapeer Treatment 
Plant. Additional space will be provided for two future pumps and upsizing the original pumps to meet 
projected 50-year demands. 
 
The pump station can be considered two stations housed in a common building. The North Pump Station 
will have pumps which can be dedicated to pumping into the north transmission main and the South 
Pump Station will have pumps which can be dedicated to pumping into the south transmission main. One 
backup pump will be able to serve either the north or south pump stations. Under normal circumstances 
any or all of the pumps will pump through both lines. 
 
7.2.2 

7.2.3 

Pumps and Piping 
 
Five 20 mgd ± 400 Hp horizontal split case pumps will be provided, drawing water from the reservoir 
with a common intake header and discharging into a common discharge header. The headers will be 
valved so that two pumps can be dedicated to discharging through the north transmission route and two 
pumps can be dedicated to discharging through the south route. The fifth backup pump can be valved 
through the headers to serve either the north or south routes. In an emergency, any or all of the five pumps 
can pump to either route. (See schematic design drawing – Figure 6). Normal operation would be to have 
one or two pumps pumping through both routes to meet average-day demand. See Tables 7-4, 7-5, 7-6, 
and 7-7 for average, maximum, and emergency demands. Three pumps running can meet the north route 
emergency demands; however, emergency demands using the south route will require four pumps 
running. 
 
The pumps will be provided with Variable Frequency Drives (VFDs) to control the rate of flow required 
at each treatment plant and to accommodate the differences in total dynamic head (TDH) between the 
north and south transmission lines routes. 
 

 
An engine generator will provide one hundred percent backup power. The generator will be sized to be 
capable of running any four pumps. 
 

Standby Power 

7.2.4 
 
Bulk chemical storage tanks will be provided for pretreatment of the raw water. Two complete sets of 
feed systems will be provided and dedicated to each of the north and south transmission mains routes. The 
separate feed systems will accommodate the differing pretreatment requirements of the water treatment 
plants.  
 
7.2.5 

Chemical Storage and Feed 

Structure Location 
 
The pump station will be located close to the reservoir to minimize suction line loss and provide 
convenience of a single location. 
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7.2.6 Construction Cost 
 

Table 7-2 
Estimated Reservoir Pump Station Construction Cost 

 

Description Estimated 
Cost 

Structures $3,400,000 
Equipment $2,300,000 
Piping and Valves $1,800,000 
Electrical $3,700,000 

Subtotal $11,200,000 
15% Construction Contingency $1,680,000 
5% Design Contingency $560,000 
17% Engineering, Legal, Bond, and Administrative $1,904,000 

Total Construction Cost $15,344,000 
 
7.2.7 Schedule 
 
Many of the equipment items for the pump station will require long lead times for shop drawing approval, 
manufacturing, delivery, and installation. The reservoir pump station could take 18 to 20 months to 
complete and place in service. 
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7.3 ANNUAL OPERATIONS AND MAINTENANCE (O&M) COSTS 
 
7.3.1 General 
 
Chemical costs for pretreatment at the reservoir pump station are unknown. An estimated allowance item 
has been added to the O&M costs. 
 
7.3.2 

• $20 per hour for operators 

Annual Operating Costs 
 
The following assumptions were made for operating costs: 
 
 Power cost based on 6.3 cents per kilowatt hour. 
 Direct Labor Costs based on the following labor rates: 
 

• $25 per hour for maintenance mechanics 
• $15 per hour for seasonal workers 

 
For the reservoir pump station, one operator for four hours each work day has been assumed. For the 
reservoir, one seasonal worker full time for four months. The daily operator could assist the seasonal 
worker occasionally and care for the reservoir in addition to the reservoir pump station during the 
remaining months. All per hour costs are increased by a 1.62 multiplier for fringe benefits.  
 
7.3.3 

• Equipment − 5 % of original cost (20 years) 

Annual Maintenance Costs 
 
Maintenance costs were assumed as follows: 
 

• Piping and Valves − 2-1/2 % of original cost (40 years) 
• Structures − 1-1/3 % of original cost 75 years) 

 
Table 7-3 

Annual Operation and Maintenance Costs 
Reservoir and Reservoir Pump Station 

 
Operating Costs  

Labor $39,886 
Power * * $168,626 
Chemicals $50,000 

Subtotal $258,512 
Maintenance Costs  

Equipment 5 % $272,500 
Piping & Valves 2½ % $40,000 
Structures 1-1/3 % $42,666 

Subtotal $355,166 
  
Total O&M Costs $613,678 
** See Table 7-4 for Power Cost Calculations 

 



MAX DAY FLOW RATE 23,799         gpm 34.27 mgd
Usage by Genesee County 10,563              gpm 15.21 mgd
Usage by Flint 11,472              gpm 16.52 mgd
Usage by Lapeer 1,764              gpm 2.54 mgd

SOUTH ROUTE
Flow Reservoir to Lapeer -                    gpm mgd
Pipe  Diameter  (D = inches) 60 inches 5 ft
Pipe Length (L = feet) 44,930              ft 8.51 miles
Hazen  &  Williams  Fric.  Factor  (C) 120
Velocity -                    ft/s
Friction  head loss 0.00 ft 0.00 psi

Lapeer to Genesee County
Design Flow Rate -                    gpm -         mgd
Pipe  Diameter  (D = inches) 54 inches 4.5 ft
Pipe Length (L = feet) 28,520              ft 5.40 miles
Hazen  &  Williams  Fric.  Factor  (C) 120
Velocity -                  ft/s
Friction  head loss 0.00 ft 0.00 psi
Total Headloss from Reserv. to Genesee Co. 0.00 ft 0.00 psi
Difference in Elevation 50.00 ft
Head Needed on Pump For Friction Loss -50.00 ft
Additional Head to Clear Hills 84.50 ft
Total Head Needed on Pumps: To Genesee Co. 84.50 ft

NORTH ROUTE
Complementary Flow North Route 23,799            gpm 34.27     mgpd

Table 7- 4
CURRENT AVERAGE DAY DEMAND / TWO LINES

Friction Loss,  Head, & HP Estimates

p y gp gp
Pipe  Diameter  (D = inches) 54 inches 4.5 ft
Pipe Length (L = feet) 77,760              ft 14.73 miles
Hazen  &  Williams  Fric.  Factor  (C) 120
Velocity 3.33                  
Friction  head loss 53.78 ft 23.30 psi
Difference in Elevation 50.00 ft
Head Needed on Pump For Friction Loss 3.78 ft
Additional Head to Clear Hills 0.00 ft
Total Head Needed on Pumps: To Genesee Co. 25.00 ft

Genesee County to Flint
Design Flow Rate 11,472              gpm 16.52     mgd
Pipe  Diameter  (D = inches) 48 inches 4 ft
Pipe Length (L = feet) 74,560              ft 14.12 miles
Hazen  &  Williams  Fric.  Factor  (C) 120
Velocity 2.03                  ft/s
Friction  head loss 23.71 ft 10.27 psi
Total Head Needed on Pumps: To Genesee Co. 25.00 ft 10.83 psi
Additional Head to Clear Hills 26.49 ft
Total Head Needed on Pumps: To Flint 51.49 ft

Power Requirements
Assumed efficiency 85%
Power Required 400 h.p 298.73 kw

Assumed number of  pumps 
operating simultaneously 3
      Pumping Rate 7,933       gpm 11.42           mgd
      Power Required (each pump) 133 hp 99.58 kw

Operational Cost
Cost of Energy 0.0630$           kwh
Operation Cost Per Day 451.68$            assumes 24 hour pumping
Operation Cost Per Year 164,861.81$    assumes 24/7 pumping

 Jones Henry Engineers, Ltd  7 2/18/2009



MAX DAY FLOW RATE 31,840         gpm 45.85 mgd
Usage by Genesee County 12,215             gpm 17.59 mgd
Usage by Flint 13,368             gpm 19.25 mgd
Usage by Lapeer 6,257             gpm 9.01 mgd

SOUTH ROUTE
Flow Reservoir to Lapeer 3,132               gpm 4.51       mgd
Pipe  Diameter  (D = inches) 60 inches 5 ft
Pipe Length (L = feet) 44,930             ft 8.51 miles
Hazen  &  Williams  Fric.  Factor  (C) 120
Velocity 0.36                 ft/s
Friction  head loss 0.44 ft 0.19 psi

Lapeer to Genesee County
Design Flow Rate -                   gpm -        mgd
Pipe  Diameter  (D = inches) 54 inches 4.5 ft
Pipe Length (L = feet) 28,520             ft 5.40 miles
Hazen  &  Williams  Fric.  Factor  (C) 120
Velocity -                 ft/s
Friction  head loss 0.00 ft 0.00 psi
Total Headloss from Reserv. to Genesee Co. 0.44 ft 0.19 psi
Difference in Elevation 50.00 ft
Head Needed on Pump For Friction Loss -49.56 ft
Additional Head to Clear Hills 84.62 ft
Total Head Needed on Pumps: To Genesee Co. 84.62 ft

Table 7- 5
25-YEAR AVERAGE DAY DEMAND / TWO LINES

Friction Loss,  Head, & HP Estimates

NORTH ROUTE
Complementary Flow North Route 28,708             gpm 41.34     mgpd
Pipe  Diameter  (D = inches) 54 inches 4.5 ft
Pipe Length (L = feet) 77,760             ft 14.73 miles
Hazen  &  Williams  Fric.  Factor  (C) 120
Velocity 4.02                 
Friction  head loss 76.09 ft 32.96 psi
Difference in Elevation 50.00 ft
Head Needed on Pump For Friction Loss 26.09 ft
Additional Head to Clear Hills 10.46 ft
Total Head Needed on Pumps: To Genesee Co. 36.55 ft

Genesee County to Flint
Design Flow Rate 13,368             gpm 19.25     mgd
Pipe  Diameter  (D = inches) 48 inches 4 ft
Pipe Length (L = feet) 74,560             ft 14.12 miles
Hazen  &  Williams  Fric.  Factor  (C) 120
Velocity 2.37                 ft/s
Friction  head loss 31.47 ft 13.63 psi
Total Head Needed on Pumps: To Genesee Co. 36.55 ft 15.83 psi
Additional Head to Clear Hills 48.07 ft
Total Head Needed on Pumps: To Flint 84.62 ft

Power Requirements
Assumed efficiency 85%
Power Required 880 h.p 656.85 kw

Assumed number of  pumps 
operating simultaneously 3
      Pumping Rate 10,613    gpm 15.28           mgd
      Power Required (each pump) 293 hp 218.95 kw

 Jones Henry Engineers, Ltd  8 2/18/2009



MAX DAY FLOW RATE 54,528         gpm 78.52 mgd
Usage by Genesee County 24,160             gpm 34.79 mgd
Usage by Flint 20,056             gpm 28.88 mgd
Usage by Lapeer 10,313           gpm 14.85 mgd

SOUTH ROUTE
Flow Reservoir to Lapeer 25,031             gpm 36.05     mgd
Pipe  Diameter  (D = inches) 60 inches 5 ft
Pipe Length (L = feet) 44,930             ft 8.51 miles
Hazen  &  Williams  Fric.  Factor  (C) 120
Velocity 2.84                 ft/s
Friction  head loss 20.43 ft 8.85 psi

Lapeer to Genesee County
Design Flow Rate 14,719             gpm 21.20     mgd
Pipe  Diameter  (D = inches) 54 inches 4.5 ft
Pipe Length (L = feet) 28,520             ft 5.40 miles
Hazen  &  Williams  Fric.  Factor  (C) 120
Velocity 2.06               ft/s
Friction  head loss 8.11 ft 3.51 psi
Total Headloss from Reserv. to Genesee Co. 28.54 ft 12.36 psi
Difference in Elevation 50.00 ft
Head Needed on Pump For Friction Loss -21.46 ft
Additional Head to Clear Hills 89.89 ft
Total Head Needed on Pumps: To Genesee Co. 89.89 ft

Table 7- 6
25-YEAR MAXIMUM DAY DEMAND / TWO LINES

Friction Loss,  Head, & HP Estimates

NORTH ROUTE
Complementary Flow North Route 29,497             gpm 42.48     mgpd
Pipe  Diameter  (D = inches) 54 inches 4.5 ft
Pipe Length (L = feet) 77,760             ft 14.73 miles
Hazen  &  Williams  Fric.  Factor  (C) 120
Velocity 4.13                 
Friction  head loss 80.00 ft 34.66 psi
Difference in Elevation 50.00 ft
Head Needed on Pump For Friction Loss 30.00 ft
Additional Head to Clear Hills 10.18 ft
Total Head Needed on Pumps: To Genesee Co. 40.17 ft

Genesee County to Flint
Design Flow Rate 20,056             gpm 28.88     mgd
Pipe  Diameter  (D = inches) 48 inches 4 ft
Pipe Length (L = feet) 74,560             ft 14.12 miles
Hazen  &  Williams  Fric.  Factor  (C) 120
Velocity 3.56                 ft/s
Friction  head loss 66.64 ft 28.87 psi
Total Head Needed on Pumps: To Genesee Co. 40.17 ft 17.40 psi
Additional Head to Clear Hills 49.71 ft
Total Head Needed on Pumps: To Flint 89.89 ft

Power Requirements
Assumed efficiency 85%
Power Required 1602 h.p 1194.93 kw

Assumed number of  pumps 
operating simultaneously 4
      Pumping Rate 13,632    gpm 19.63           mgd
      Power Required (each pump) 400 hp 298.73 kw

 Jones Henry Engineers, Ltd  9 2/18/2009



SOUTH ROUTE
Flow Reservoir to Lapeer 40,889              gpm 58.88  mgd
Lapeer to Genesee County 32,903              gpm 47.38  mgd
Genesee County to Flint 14,729            gpm 21.21  mgd
Flow Reservoir to Lapeer
Design Flow Rate 40,889              gpm 58.88  mgd
Pipe  Diameter  (D = inches) 60 inches 5 ft
Pipe Length (L = feet) 44,930              ft 9.10 miles
Hazen  &  Williams  Fric.  Factor  (C) 120
Velocity 4.64                  ft/s
Friction  head loss 50.65 ft 21.94 psi
Lapeer to Genesee County
Design Flow Rate 32,903              gpm 47.38  mgd
Pipe  Diameter  (D = inches) 54 inches 4.5 ft
Pipe Length (L = feet) 28,520              ft 6.00 miles
Hazen  &  Williams  Fric.  Factor  (C) 120
Velocity 4.61                  ft/s
Friction  head loss 35.91 ft 15.56 psi
Total Headloss from Reserv. to Genesee Co. 86.57
Genesee County to Flint
Design Flow Rate 14,729 gpm 21.21 mgd

Table 7-7

75% of Maximum Day  / South Route Only
Friction Loss,  Head, & HP Estimates

25 YEAR EMERGENCY CONDITIONS

Design Flow Rate 14,729            gpm 21.21  mgd
Pipe  Diameter  (D = inches) 48 inches 4 ft
Pipe Length (L = feet) 74,560              ft 13.90 miles
Hazen  &  Williams  Fric.  Factor  (C) 120
Velocity 2.61                  ft/s
Friction  head loss 37.65 ft 16.31 psi

Total Friction Head Loss 124.22 ft 53.81 psi
Total Head Needed on Pump 97.86 42.39 psi
Minor Loss & others (10%) 9.79 4.24 psi
Total Head 107.64 ft 46.63 psi

Power Requirements
Assumed efficiency 85%
Power Required 1438 h.p 1073.03 kw

Assumed number of  pumps 
operating simultaneously 4
      Pumping Rate 10,222     gpm 14.72        mgd
      Power Required (each pump) 360 hp 268.26 kw

 Jones Henry Engineers, Ltd  10 2/18/2009



MAX DAY FLOW RATE 33,161         gpm 47.75 mgd
Usage by Genesee County 18,120              gpm 26.09 mgd
Usage by Flint 15,042              gpm 21.66 mgd
Usage by Lapeer -                  gpm mgd

NORTH ROUTE
Flow North Route 33,161              gpm 47.75  mgpd
Pipe  Diameter  (D = inches) 54 inches 4.5 ft
Pipe Length (L = feet) 77,760              ft 14.73 miles
Hazen  &  Williams  Fric.  Factor  (C) 120
Velocity 4.65                  
Friction  head loss 99.35 ft 43.04 psi
Difference in Elevation 50.00 ft
Head Needed on Pump For Friction Loss 49.35 ft
Additional Head to Clear Hills 8.77 ft
Total Head Needed on Pumps: To Genesee Co. 58.12 ft

Genesee County to Flint
Design Flow Rate 15,042              gpm 21.66  mgd
Pipe  Diameter  (D = inches) 48 inches 4 ft

Table 7- 8
25-YEAR EMERGENCY CONDITIONS

75% of Maximum Day / North Route Only
Friction Loss,  Head, & HP Estimates

Pipe Length (L = feet) 74,560              ft 14.12 miles
Hazen  &  Williams  Fric.  Factor  (C) 120
Velocity 2.67                  ft/s
Friction  head loss 39.14 ft 16.96 psi
Total Head Needed on Pumps: To Genesee Co. 58.12 ft 25.18 psi
Additional Head to Clear Hills 48.43 ft
Total Head Needed on Pumps: To Flint 106.55 ft

Power Requirements
Assumed efficiency 85%
Power Required 1155 h.p 861.39 kw

Assumed number of  pumps 
operating simultaneously 3
      Pumping Rate 11,054     gpm 15.92        mgd
      Power Required (each pump) 385 hp 287.13 kw

 Jones Henry Engineers, Ltd  11 2/18/2009
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8.1  Introduction 
 
 
8.1.1 Background 

 In 2004, the Office of the Genesee County Drain Commissioner (Genesee County) 

contracted Rowe Incorporated to assess options for development of a water supply system 

utilizing Lake Huron water for drinking water supply.  Rowe Incorporated assembled a project 

team to perform that assessment.  As part of that team, Gannett Fleming, Inc. (GFI) performed 

evaluations related to water treatment facilities.  The initial phase of the study included screening 

available information and applicable treatment technologies as the basis for a workshop held 

with Genesee County on September 29, 2004 to identify treatment process concepts for further 

detailed analysis.  As a result of that workshop, several treatment processes were compared in 

detail: 

• High-rate plate settler clarification-filtration 

• High-rate plate settler clarification-filtration followed by UV disinfection  

• High-rate plate settler clarification-membrane filtration  

• Direct membrane filtration  

• Direct membrane filtration followed by UV disinfection  

 Considering regulatory, permitting, and additional factors, Genesee County ultimately 

selected a high-rate plate settler clarification-filtration process, with provisions to add UV 

disinfection and additional treatment processes in the future.  The current study, which was 

authorized by the Karegnondi Water Authority, is being conducted to update the project concept 

and opinions of probable cost.  The focus of this Appendix 8 is the Genesee County Water 

Treatment Plant (WTP), which would be provided Lake Huron raw water from the Karegnondi 

Water Authority for treatment and distribution to Genesee County customers.    

  

8.1.2 Approach 

 This study was conducted to evaluate the technical and economic feasibility of the Lake 

Huron Water Supply Project.  In support of that goal, the Genesee County WTP project was 

evaluated using the following approach: 

 



 

   2 
W:\W&WW ERD\43860 Genesee County Water Study Update\Project Working\Reports\TM 8 Genesee County WTP Feb 09.doc 

• Develop design criteria for each treatment process.  

• Develop WTP construction costs considering only WTP raw water equalization 

storage, process, chemical, finished water storage, finished water pumping, and 

wastewater facilities.  Costs for the raw water intake, raw water pumping, 

reservoir, and transmission facilities were developed by other members of the 

project team.  It is understood that finished water will be pumped from the 

Genesee County WTP to the existing Henderson Road Tanks.   

• Obtain budgetary cost proposals from manufacturers for all major equipment. 

• Develop a process schematic showing major process units. 

• Estimate quantities of construction materials. 

• Utilize the GFI construction and equipment cost database and 2008 R.S. Means 

Building Construction Cost Data for unit cost estimating. Unit costs for raw 

materials including steel, metals associated with electrical equipment, and cement 

have been fluctuating rapidly over the past few years. Therefore, it is critical that 

the unit costs for these and other materials continue to be updated regularly as the 

project proceeds, in accordance with emerging cost trends. 

• Utilize percent of probable capital costs to estimate electrical (13%) and 

mechanical (7%) costs.  

• Utilize percent of construction costs for estimating general contractor overhead 

and profit and general conditions (22%). 

• Establish annual operating costs based on estimated quantities for chemicals, 

process power, residuals disposal, depreciation of mechanical equipment, and 

labor.   

• Establish maintenance costs based on 5% of the value of mechanical equipment, 

2.5% of the value of static materials, and 1% of the cost of concrete. 
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8.2  Demands and Design Capacity 
 
 
8.2.1 Water Treatment Plant Capacity 

 Genesee County projected demands, plant use, and treatment design capacity are 

summarized in Table 8.1.  Demands represent the quantity of water that will be delivered to the 

system.  Plant use, which includes chemical make-up water and process wastewater, is estimated 

to be approximately 6% of demand.  Plant design capacity is the sum of system demand and 

plant use.  The demands, as presented in Table 8.1 were provided by Genesee County. 

 The conceptual design and development of WTP probable costs were based on an initial 

facility capacity of 36 million gallons per day (mgd), as required to meet Genesee County 

projected 25-year maximum day demand and plant use.  However, the plant was hydraulically 

designed for the anticipated 50-year maximum day demand and plant use (48 mgd).  This study 

uses Genesee County’s selected treatment process and a 36 mgd initial design capacity for 

establishing opinions of probable construction costs for the Genesee County WTP for use by the 

Karegnondi Water Authority in project planning and decision making. 

 
Table 8.1: Production Requirements and Plant Design Capacity 

Initial 
Average 

Day 
Demand 

(mgd) 

Initial 
Maximum 

Day 
Demand 

(mgd) 

25-year 
Average 

Day 
Demand 

(mgd) 

25-year 
Maximum 

Day 
Demand 

(mgd) 

25-year 
Maximum 
Day Plant 

Use 
(mgd) 

Plant 
Design 

Capacity 
(mgd) 

50-year 
Maximum 

Day 
Demand 

(mgd) 

Future 
Expansion 

Design 
Capacity 

(mgd) 

14.21 25.00 16.25 32.5 2.0 36 45 48 

 

 The required treatment capacity for the WTP is the sum of the WTP projected 25-year 

maximum day demand and plant use, which total 34.5 mgd.  An initial plant design capacity of 

36 mgd was selected for the conceptual design to facilitate planning for four (4) equally-sized 

pretreatment process trains at the ultimate plant capacity of 48 mgd. The preliminary plant layout 

was developed to allow individual basins or processes to be out of service without impacting 

operation of the remainder of the basins or processes.  Because the projected 25-year average day 

demand is half of the projected maximum day demand, portions of the plant could also be taken 

out of service during extended periods of low production to reduce operating costs. 
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8.3 Treatment Process Criteria 
 
8.3.1 Raw Water Quality 
 
 Lake Huron raw water quality data were reviewed and reported in detail in Technical 

Memorandum No. 3 of the January 2006 report.  A summary of those findings follows: 

• The Lake Huron water source is high quality on average, with only occasional increases 

in turbidity and seasonal algae blooms. A deep water remote intake will provide more 

stable water quality than a near shore intake. 

• Raw water pH and alkalinity are moderately high. If pretreatment is required, as with a 

conventional process, some pH adjustment may be necessary to optimize coagulation. 

Alternate coagulants, designed to perform over a broader pH range than conventional 

metal salts, may be effective. Multiple coagulants should be tested for effectiveness, 

along with coagulant aids. 

• The water is moderately hard, but softening is not required because hardness is similar to 

current concentrations being supplied to Genesee County customers. 

• Low water temperature is a concern for coagulation.  Alternate coagulants that are more 

effective at low temperature should be considered.  

• Oxidation may be needed upstream of filtration to remove the occasionally high levels of 

iron and manganese, if it is determined that the iron and manganese species present are 

soluble. 

• Total organic carbon (TOC) concentrations are low, but more long term data are needed, 

especially during algae outbreaks.  

• Genesee County has indicated that Lake Huron should be assumed to be classified as a 

Bin 1 source based on Cryptosporidium results collected by other water suppliers. 

• Seasonal algae should be considered a potential problem and addressed in process and 

intake site selection. Seasonal algae blooms could result in treatment difficulty with 

hard-to-settle turbidity, increased pH, increased bacteria concentrations, and taste and 

odor episodes. 

• The potential for algae growth and animal activity at the intermediate storage reservoir 

may impact raw water quality. 
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• Taste and odor episodes may occur infrequently, and treatment options designed for 

periodic application, such as powdered activated carbon, should be considered. 

 

8.3.2 Regulatory Perspective 

 All surface waters must be treated in accordance with the Surface Water Treatment Rule 

(SWTR) and the Interim Enhanced Surface Water Treatment Rule (IESWTR). These rules 

require filtration as a treatment technique, in combination with chemical disinfection, to provide 

a dual barrier against pathogenic organisms. The effectiveness of filtration is established in the 

rules by requiring a combined filter effluent turbidity no greater than 0.3 NTU. The effectiveness 

of chemical disinfection is measured as a product of disinfection concentration multiplied by 

contact time, referred to generally as disinfection CT. As a minimum, the rules require that the 

post-filtration chemical disinfection CT be no less than that required to achieve 68.4% (0.5-Log) 

inactivation of Giardia and 99.99% (4-Log) inactivation of viruses.1 The key to process selection 

is identifying a process that can cost effectively and reliably provide filtration to meet the 

required standard. The conventional filtration process being considered in this evaluation can 

effectively and reliably meet the filtration requirements of these rules.  

 The Long Term 2 Enhanced Surface Water Treatment Rule (LT2 ESWTR) was 

promulgated in January 2006. This rule will further strengthen disinfection requirements, but will 

do so by targeting source waters that are at risk for Cryptosporidium, a pathogen that is resistant 

to chlorination. This regulatory concept provides more stringent treatment requirements where 

they are required due to source water contamination, so that there is a more uniform level of 

protection across the country. For example, for equivalent finished water quality and reduced 

risk, a source water with 1 oocyst per liter would require a technology that is 99.99% (4-Log) 

effective to produce effluent with 0.0001 oocyst per liter to be equivalent to a 0.1 oocyst per liter 

source water being treated with a 99.9% (3-Log) technology that would also result in an effluent 

with 0.0001 oocyst per liter. 

 Source water monitoring is required to classify each source water according to risk of 

microbial contamination. Monitoring for systems serving more than 10,000 people consists of 24 

months of monthly or bi-monthly monitoring of Cryptosporidium, E coli, and turbidity. The 

maximum running annual average concentration of Cryptosporidium oocysts is calculated and 

                                                 
1 % Inactivation required = 100 – (100/10X) where X = Log inactivation required. 
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used to classify a source water into one of four "bins".  Each treatment facility is then required to 

achieve a certain log removal/inactivation of Cryptosporidium assigned to its source water bin 

through a combination of treatment techniques. Treatment requirements for each bin 

classification are listed in Table 8.2. This table also lists the log removal credit that is possible by 

a conventional filtration process meeting the filter effluent turbidity requirements. Treatment 

techniques that can be used to supplement a conventional process to attain target log 

removal/inactivation values are listed in Table 8.3. 

 

Table 8.2: LT2 Source Water Bin Classification and Treatment Requirements 
 

Bin 
Classification 

Cryptosporidium 

Concentration 

Total Log 
Removal/Inactivation 

Required 

Presumptive Log 
Removal for 
Conventional 

Treatment 

Additional Log 
Removal 
Required 

 Cysts/L Log Log Log 

1 < 0.075 3.0 3.0 0.0 

2 0.075 to <1.0 4.0 3.0 1.0 

3 1.0 to < 3.0 5.0 3.0 2.0 

4 3.0 and greater 5.5 3.0 2.5 

 

Table 8.3: LT2 Treatment Techniques and Cryptosporidium Log Removal Values (LRV) 
 

Treatment Technique Proposed additional Cryptosporidium Log removal/inactivation credit 
Conventional Filtration  achieving  
filter effluent turbidity below 
IESWTR levels 

0.5 log removal additional credit (ie. 3.5 LRV total) if combined filter 
effluent turbidity is less than 0.15 NTU in at least 95% of samples 
or 
1.0 log removal additional credit (ie. 4.0 LRV total) if individual filter 
effluent turbidity is less than 0.15 NTU in at least 95% of the daily 
maximum turbidity measurements, and never greater than 0.3 NTU in two 
consecutive measurements 15 minutes apart. 

UV The maximum additional log removal credit that can be required for a Bin 4 
source (2.5-Log) is achievable with UV. Log credit based on UV dose table.   

 

 It is reasonable to expect that the high quality, low turbidity Lake Huron source water 

from a remote intake, not susceptible to surface runoff, will be classified in Bin 1 and require no 

greater than a 3-Log removal value (LRV). However, there is the potential for algae growth and 

animal activity at the intermediate storage reservoir, which could impact raw water quality, so 

provisions have been made to provide additional treatment processes in the future to provide 

additional LRV in the event that the source water bin classification is higher than Bin 1 or Bin 2. 

A conventional filtration process can provide the required treatment up to Bin 2 classification if 
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it is operated well and consistently low effluent turbidity is maintained. For Bin 3 or Bin 4 

classifications, UV disinfection may also be required. For this study, costs include provisions for 

future installation of a UV disinfection system. 

 
8.3.3 Process Concept 

 
 As directed by Genesee County, the treatment process used in this evaluation is 

conventional clarification/filtration, including: rapid mixing, flocculation, high-rate clarification 

with plate settlers, and granular media filtration.  This treatment train is represented in Figure 

8.1. 

 The process concept includes hydraulic and physical layout considerations for potential 

future processes.  These processes may include carbon contact basins, intermediate ozonation in 

basins or with sidestream injection, post-ozonation, granular activated carbon (GAC) contactors, 

and/or UV disinfection.  Pipe connections and structures with provisions for hydraulic head to 

accommodate future process steps are included in the estimated quantities.  

 

8.3.4 Unit Process Design Criteria 

 The following sub-sections summarize the design criteria and proposed size of each unit 

process for the conceptual 36 mgd facility. Conservative design criteria, relative to the high 

quality source water, have been proposed for this study. All design criteria are in accordance 

with or exceed the Ten States Standards.  Filters are conservatively designed with a surface 

loading rate of 2 gallons per minute per square foot (gpm/sf) at the initial maximum day demand 

and plant use (26.5 mgd), with the anticipation that, after the filters are in service, plant-scale 

trials will confirm that they can be permitted to operate at a higher surface loading rate (2.7 

gpm/sf) to achieve the plant capacity of 36 mgd necessary to supply Genesee County’s 25-year 

projected maximum day demand and plant use.  The filters could ultimately be rated at 4.0 

gpm/sf, if supported by plant-scale trial data, to achieve the 50-year projected maximum day 

demand and plant use.  Because the rapid mix process is relatively small and the incremental cost 

to design and construct facilities sized for the future WTP capacity is minor, the rapid mixers are 

sized to be able to treat flows up to the 50-year projected demand and plant use (48 mgd).  
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8.3.4.1 Raw Water Equalization  

A. Type    Prestressed Concrete or Steel 
B. Number of tanks    2 
C. Volume per tank, Mgal    2 
D. Total volume, Mgal     4 
E. Total detention time, hr (at 50-year design capacity)   2 
F. Tanks can be operated individually or in parallel 
G. Tanks provided with drain to wastewater handling system for removal of 

accumulated solids 
H. Dimensions, ft. 

  1. Diameter  98.6 
  2. Side Water Depth 35 
  
 Raw water equalization is provided at the WTP to dampen raw water pumping 

rate fluctuations.  The need for and capacity of WTP raw water equalization 
should be evaluated during final design, as potential elimination of the raw 
water equalization tanks could provide significant cost savings. 

 

8.3.4.2 Rapid Mixing  

A. Type    Concrete basins with vertical turbine mixers 
B. Number of basins  2 
C. Capacity per basin, mgd  24 
D. Total capacity, mgd   48 
E. Detention time, sec.  10 
F. Basins can be operated in series or in parallel 
G. The length and width of the basin should be equal 
H. Dimensions, ft. 

  1. Width   6 
  2. Length   6 
  3. Mixing Zone Depth 10.5 
 I. Mixing volume per basin, gal. 2,800 
 
8.3.4.3 Flocculation 

A. Type    Concrete basins with horizontal reel mixers 
B. Number of basins  3 
C. Capacity per basin, mgd 12 
D. Total capacity, mgd  36 
E. Number of flocculation stages per basin 3 
F. Flocculation detention time, min. 30 
G. Maximum horizontal velocity, ft/min 1.5 
H. Provide inlet and outlet stages for each basin 
I. Dimensions, ft. 
 1. Width   45 
 2. Length - each stage 14.67 
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 3. Length - inlet stage 3 
 4. Length - outlet stage 3 
 5. Sidewater depth 17 
J. Volume per basin, gal. 
 1. Flocculation   252,000 
 2. Total   283,000 
K. Baffle walls   Ported 

  
8.3.4.4 High-Rate Clarification 

A. Type    Concrete basins with inclined plate settler 
B. Number of basins  3 
C. Capacity per basin, mgd 12 
D. Total capacity, mgd  36 
E. Size to match width of flocculation basins 
F. Projected horizontal plate surface overflow rate, gpm/sf 0.3 
G. Plate length, ft.  10 
H. Plate width, ft.   4.5 
I. Plate angle, deg.  55 
J. Maximum velocity in effluent troughs, fps 2.0 
K. Provide space in front of plate packs for access to sludge collection 

equipment in basin 
L. Number of plate rows per basin 7 
M. Number of plates per row  170 
N. Number of plate packs per row 2 
O. Basin dimensions, ft. 
 1. Space in front of packs 10 
 2. Total length 51 
 3. Width 45 
 4. Sidewater depth 17 
P. Volume per basin, gal.  292,000 
Q. Sludge collection 
 1. Type Chain and Flight type with cross collectors 
  and gravity blowdown to wastewater facilities 
 2. Number of units per basin  
  a. Longitudinal scrapers 2 
  b. Cross collectors 1 

 
8.3.4.5 Granular Media Filtration 

A. Type  Dual cell with center wastewater gullet and 
   washwater/effluent flume below each cell 
B. Number of filters  6 filters (12 cells) 
C. Filtration rate, gpm/sf  2.0 
D. Capacity per filter at 2 gpm/sf, mgd 4.4 
E. Total capacity at 2 gpm/sf, mgd 26.5 
F. Surface loading rate at 36 mgd plant flow, gpm/sf 2.7 
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G. Length - each cell, ft. 39 
H. Width - each cell, ft. 20 
I. Area per filter, sf 780 
J. Media Depth, inches  
 1. Sand 12 
 2. Anthracite 18 
 3. Future deep bed depth, total 75 
K. Support gravel, inches 12 
L. Underdrain type Parallel lateral, air - water 
M. Backwash Pumping 
 1. Type Vertical turbine pumps 
 2. Number 2 
 3. Capacity, gpm at 20 gpm/sf 15,600 
 4. Total dynamic head, feet 40 +/- 
 5. Horsepower, hp 250 
N. Note: Michigan regulations do not require plant rating with one filter out of 

service if plant design includes four (4) or more filters. 
 
 
8.3.4.6 Finished Water Storage 

 A. Type  Cast in place concrete with internal baffling 
 B. Number of clearwells 2 
 C. Length - each, ft. 103 
 D. Width - each, ft. 75 
 E. Sidewater Depth – each, ft. 20 
 F. Volume - each, Mgal. 1.1 
 G. Clearwell storage includes volume to provide washwater for two (2) filter 

backwashes, 10 minutes of equalization storage at 36 mgd, and 0.5-Log 
inactivation of Giardia with a chlorine residual of 1 mg/L at a finished water pH 
of 8.0 and temperature of 0.5 °C. 

 H. Clearwells will normally operate in series.  They are arranged so either can be 
taken out of service with flow continuing through the remaining clearwell. 

 I. The clearwell size is based on providing the required disinfection CT at the 36 
mgd initial design rate.  Additional disinfection CT could be provided for 
expanded plant flows through provision for clearwell expansion, increasing the 
disinfectant level, or by taking CT credit for the finished water transmission 
mains between the finished water pump station and the Henderson Road Pumping 
Station.  Genesee County could also consider utilizing the transmission mains 
between the finished water pump station and the Henderson Road Pumping 
Station to achieve CT initially, thereby reducing the required clearwell volume 
and reducing the initial capital cost. 
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8.3.4.7 Finished Water Pumping 

A. Type    vertical turbine pumps 
B. Number of units  4 

 C. Capacity per unit, mgd, 12 
 D. Total firm pumping capacity, mgd  36 
 E. Total dynamic head, ft. 140 
 F. Horsepower, hp 500 
 G. Finished water pumping capacity based on construction of two (2) 42-inch 

diameter finished water mains to convey water to the Henderson Road Tanks. 
 

The initial finished water pumping capacity is sized to provide adequate reliable pumping 
capacity (with one pump out of service) to meet Genesee County’s 25-year maximum 
day demands.  The high service pump station conceptual design includes provisions for 
installation of an additional pump to increase the reliable high service pumping capacity 
to 48 mgd. 

 

8.3.4.8 Process Wastewater and Residuals 

 A. Design Concept – Zero Discharge Facility 

 1. Provide clarification for filter backwash wastewater. Backwash 
wastewater will be batch-clarified in a fill and decant clarifier. After 
clarification, the supernatant will be directed to the head of the plant. The 
underflow solids will be discharged to the thickener. 

 2. Provide a thickener for sedimentation basin sludge blowdown and 
wastewater clarifier underflow solids.  Discharge the thickener supernatant 
to the wastewater clarifiers. 

 3. Provide a residuals dewatering facility for all thickened sludge. Final 
disposal of sludge is assumed to be at an offsite landfill for developing 
anticipated operating costs.  Discharge belt filter press filtrate to the 
thickener. 

B. Batch Backwash Wastewater Settling Tank 
 1. Type Circular clarifier with scraper mechanism 
 2. Number 2 
 3. Design criteria 
  a. Settling rate, ft./min. 0.067 
  b. Clarifier volume sized to contain filter backwash wastewater 

from one filter backwash and thickener supernatant flow 
 4. Diameter, ft.   83 

 
C. Thickener 
 1. Type Circular thickener with scraper mechanism 
 2. Number 1 
 3. Solids loading, lbs/day/sf 5 
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 4. Storage, days at maximum solids production 4 
 5. Diameter, ft.     51 
 6. Total Depth (including hopper), ft. 14.5 
 

            D. Dewatering System 
 1. Type Belt filter press 
 2. Number 2 
 3. Capacity, lbs/day 8,000 
 

 A “Zero Discharge” concept is used in this conceptual design for the purpose of 
developing a conservative opinion of project costs for process wastewater handling, based on 
regulatory and permitting uncertainties related to other potential process wastewater treatment 
alternatives.  Because of the significant costs associated with the wastewater processing 
facilities, Genesee County should further explore additional alternatives that may have 
significant cost advantages, such as construction of lagoons, during the preliminary and final 
design phases of the project.  The use of a lagoon system could reduce capital cost by up to $5 
million, as compared to the “Zero Discharge” approach.  The technical feasibility as well as the 
permitting and regulatory aspects of each alternative should be considered along with the 
potential cost savings. 
 
8.3.4.9 Security Provisions 

 The WTP Opinion of Probable Cost includes cost allowances for site security measures, 
including the cost of double fencing, as requested by Genesee County, in addition to allowances 
for security systems such as closed circuit cameras, an access control system, and a fence 
disturbance detection system. 
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8.4  Opinion of Probable Cost and Schedule 
 
 
8.4.1 Capital Cost 

 The opinion of probable WTP capital cost is summarized in Table 8.4. The table includes 

a cost for each of the key process components included in this conceptual design. Electrical, 

mechanical, and contractor overhead and profit are included as a calculated percentage of 

construction costs.  

 
Table 8.4:  Opinion of Probable Capital Cost 

 

Description 
Conventional 

Filtration 
Raw Water Equalization $ 3,300,000 

Site Work $ 6,100,000 

Pretreatment  $ 10,500,000 

Filtration  $ 13,100,000 

Chemical Facilities $ 4,600,000 

Administration  $ 3,000,000 

Residual Handling $ 7,400,000 

Finished Water Storage $ 3,600,000 

High Service Pumping $ 3,400,000 

Subtotal $ 55,000,000 

Electrical (13%) $ 7,200,000 

Mechanical (7%) $ 3,800,000 

Subtotal $ 66,000,000 

Contractor Overhead and 
Profit (22%) 

$ 14,500,000 

Total – (ENR 8688) $ 80,500,000 

 

 Potential cost savings associated with elimination of raw water equalization, elimination 

of wastewater handling equipment associated with the “zero discharge” concept in favor of 

lagoons, and reduction of the finished water clearwell size, as described in Section 8.3, could 

result in project cost savings of approximately $13 million to $14 million.  Potential cost savings 

are discussed in Appendix 15. 

 As requested by the project team, project costs including design contingency, 

construction contingency, and engineering, bonds, legal, and administrative costs are not 

included in the WTP Opinion of Probable Capital Cost.  These costs, which are assumed to be 

37% of the construction costs, will be applied by the project team to the Summary of Project 

Costs. 
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8.4.2 Land Acquisition 

 Genesee County will need to acquire a minimum of 25 acres for construction of the WTP.  

Based on the land acquisition cost for rural acreage provided by Genesee County, WTP land 

acquisition cost of at least $150,000 should be anticipated. 

 

8.4.3 Annual Cost 

 Annual costs were calculated for various WTP operational categories and are shown in 

Table 8.5.  

 
Table 8.5:  Annual Operating Costs 

Projected Annual O&M Expenses (2014) 

Maintenance $852,200 

Labor $859,248 

Chemicals $276,300 

Power $611,800 

Residuals $64,400 

Depreciation $1,250,000 

     Total O&M $3.913,948

 

 

Annual costs were based on the following considerations: 

• WTP labor costs computed as follows: 

Table 8.6:  WTP Labor Cost Summary 

Staff       

Position 
Full-Time 
Employees 

Hourly 
Rate 

Fringe 
Benefits Total 

Superintendent 1 $35.00 $21.70 $117,936 

Supervisor 1 $30.00 $18.60 $101,088 

Operators 5 $20.00 $12.40 $336,960 

Mechanic 1 $25.00 $15.50 $84,240 

Mechanic's Helper 2 $20.00 $12.40 $134,784 

Instrument Technician 1 $25.00 $15.50 $84,240 

Total Labor     $859,248 

 

• Process power costs were based on $0.063 per kilowatt-hour (kwh) and included 

all significant pump and mixer loads at average flow for each year. 

• Chemical costs were calculated based on average dosage used by the Detroit Lake 

Huron facility and average production for each year. 
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• Residuals dry solids quantities were calculated based on source water 

constituents, average day flow for each year, and average chemical dosages. 

Disposal costs were based on a 20% solids cake and $70 per ton disposal fee.  

• Maintenance costs were estimated to be 5% of electrical/mechanical equipment 

initial capital cost per year, 3% of static equipment, and 1% of concrete. 

Maintenance labor was included with the labor cost. 

• Depreciation costs were included for mechanical equipment only, depreciated 

over a 20-year useful life. 

 

8.4.4 Schedule 

 The time required to design and construct the Genesee County WTP is approximately 46 

to 52 months, as summarized in Table 8.7, based on a traditional design-bid-build project 

delivery approach.  The following basic project schedule assumes a March 1, 2010 start date for 

design and permitting services.   

 

Table 8.7:  Project Schedule 

PHASE DURATION START COMPLETION 

Design 18 months 3/1/10 9/1/11 

Permitting 6 months 3/1/11 9/1/11 

Bid 1.5 months 9/1/11 10/15/11 

Award 2 months 10/15/11 12/15/11 

Construction 24 months 12/15/11 12/15/13 

    Total(1) 45.5 months 3/1/10 12/15/13 

Contingency(2) 6 months 12/15/13 6/15/14 

(1) Considers overlap of Design and Permitting Phases. 

(2) Schedule contingency for potential permitting and weather delays. 

 

 The WTP project schedule could be somewhat accelerated, if necessary, to coordinate 

with the overall water supply project schedule.  Genesee County could also consider a design-

build project delivery approach to more significantly reduce the project schedule. 
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8A.1 Introduction 

The concept for a new Lake Huron Water Supply was developed consistent with the criteria 
established prior to beginning the study work.  The following processes have been incorporated into 
the water treatment plant planned to serve GCDC-WWS customers.  Although these processes 
provide greater treatment options, they are not required for a reliable, high quality water supply. 

 
Raw water equalization: Equalization was originally included for balancing of incoming water 
supply with flow through treatment plant.  A flow control valve can be substituted to control plant 
flow. 
 
Residuals handling:  One of the criteria originally established for the WTP was “zero waste 
discharge”.  Since the facility will likely be located in a rural area and public sewers will not be 
readily available, the proposed WTP has been planned with provisions for onsite processing and 
treatment of residuals resulting from the treatment of water.  However, with the high quality 
source water, the residual quantity is expected to be suitable for lagoon treatment. 
 
Finished Water Storage:  Clearwell storage provided following disinfection has been designed to 
provide sufficient contact time for disinfection.  The clearwell volume can be reduced since the 
finished water pipeline planned between the WTP and the Henderson Road Pump Station will 
provide the required disinfection contact time. 

 
To finalize this study, the cost savings resulting from the three modifications above have been 
included in the project costs.  Table 8-8 shows the adjusted construction cost for the GCDC-WWS 
WTP. 

 
Table 8A-1 Adjusted Construction Cost for GCDC-WWS WTP  

  
Construction Cost 

From Table 8-4 
Adjusted Construction 

Cost 
Raw Water Equalization $3,300,000 $0
Site Work $6,100,000 $6,100,000
Pretreatment $10,500,000 $10,500,000
Filtration $13,100,000 $13,100,000
Chemical Facilities $4,600,000 $4,600,000
Administration $3,000,000 $3,000,000
Residual Handling $7,400,000 $2,400,000
Finished Water Storage $3,600,000 $1,900,000
High Service Pumping $3,400,000 $3,400,000
Subtotal $55,000,000 $45,000,000
Electrical (13%) $7,200,000 $5,850,000
Mechanical (7%) $3,800,000 $3,150,000
Subtotal $66,000,000 $54,000,000
Contractor OH&P (22%) $14,500,000 $11,880,000
Total $80,500,000 $65,880,000
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Appendix 9 - City of Flint Water Treatment Plant 
 
9.1 - Purpose 
 

This Technical Memorandum outlines the general design components of upgrades to the City of 
Flint’s Water Treatment Plant. The treatment facility’s average day design capacity is 20 million 
gallons per day (mgd); maximum day design capacity is 36 mgd. 
 

9.2 - Background 
 
9.2.1 - Current Water Supply 
 

The City of Flint has purchased treated water from the City of Detroit Water and Sewerage 
Department (DWSD) since December 1965. Presently, the City of Flint and Genesee County 
receive treated lake water through a single pipeline from the DWSD. While the City receives 
treated water from the DWSD, water is pumped by the DWSD to the Flint Water Treatment 
Plant (WTP) where the water is monitored daily and distributed throughout the City. Although 
this is the City’s primary supply, the Flint WTP was designed to act as a standby backup source 
for potable water, which is obtained from the Flint River and treated at the plant.  
 

Over the past decade the City of Flint has undertaken substantial multi-phased plant upgrades 
in order to increase overall treatment capacity and to provide adequate treatment for their 
emergency surface water supply in accordance with Michigan Department of Environmental 
Quality (MDEQ) standards. As a result, by the end of 2005, much of the WTP had been 
rehabilitated and upgraded, and is now capable of producing finished water of similar water 
quality to that of water received from the DWSD, by treating raw water from the Flint River. 
However, if the treatment plant were to accept raw water from Lake Huron as a result of the 
proposed regional water distribution system discussed within the Technical Memorandum, 
additional plant upgrades will be necessary. 
 

9.2.2 - Current Plant Operation 
 

As stated previously, the normal operation of the Flint WTP is to monitor the amount of water 
supplied by the DWSD and distribute it to consumers within the City of Flint. While this remains 
the City’s primary source of treated drinking water, the treatment plant was originally designed 
and operated as a two-stage facility to treat Flint River water, prior to filtration. While the 
treatment plant has not been operated continuously since the City of Flint contracted with the 
DWSD for water, the City periodically operates the treatment plant to demonstrate that it can 
reliably treat Flint River water, should the supply of water from Detroit be interrupted.  

 

Currently, when the WTP is operated as designed, and water from the Flint River is used as the 
raw water source, water enters the plant through trash racks at the river Intake Structure and 
then flows through a 72-inch pipe to Pump Station No. 4. At the pump station the flow is split 
and passes through one of the two traveling screens before flowing into the suction well at 
Pump Station No. 4.  
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Four (4) low-lift pumps, Pumps No. 3, 4, 5, and 6, pump the water into a pair of 48-inch force 
mains that combine into a single 48-inch force main. From there, water passes through a 
Venturi meter vault and into a 54-inch main that eventually empties into the Ozone Contactor 
facilities. 

 

The Ozone Contactor facilities are comprised of a pre-sedimentation chamber followed by three 
(3) parallel contactor trains. Each train itself is composed of a diffusion basin divided into four 
(4) cells, followed by a contact chamber that is divided into nine compartments by baffle walls. 
Following ozonation, water flows by gravity through a 54-inch pipe to the two-stage, Lime 
Softening facilities.  

 

The first stage (primary) treatment process consists of a Rapid Mix chamber, Primary 
Flocculation, and Primary Clarification facilities. Prior to entering the Rapid Mix chamber, water 
is dosed with ferric chloride, primary coagulant chemical. If necessary, the water is also dosed 
with a coagulant aid polymer. Once mixed, water flows to either one of the two, three-stage 
Primary Flocculation basins, then into Primary Clarification facilities. Primary clarification 
consists of three (3) parallel basins, each equipped with inclined plates to enhance solids 
removal. Effluent from the clarification process is conveyed by channel to second-stage 
(secondary) treatment to achieve softening through the addition of lime and polymer. Sludge 
currently generated during primary clarification is pumped to the Residuals Equalization 
Clarifier. Both solids and liquid flow by gravity into the sanitary sewer system of the City of Flint 
 

The second-stage (secondary) treatment process consists of two parallel, solids-contact 
clarifiers. Lime is used as the coagulant chemical for softening. If necessary, the water is also 
dosed with a coagulant aid polymer. Secondary effluent from each solids-contact clarifier flows 
into a Recarbonation basin where carbon dioxide is added. Effluent from the two Recarbonation 
basins flows by open channel to the Filters. Lime sludge generated from the secondary 
treatment process is pumped to the lime lagoons. 
 

Twelve (12) dual media filters operate in parallel, each with filter media consisting of 12 inches 
of sand and 30 inches of granular activated carbon (GAC) cap. Filter waste backwash water and 
filter-to-waste water is also pumped to the Residuals Equalization Clarifier basin. Filter effluent 
flows by gravity from the filters to Clearwell No. 3. The capability exists to add a filter aid 
polymer to the filter influent flow and sulfur dioxide can be added to the filter backwash water to 
eliminate any chlorine residual, thereby extending the life of the GAC cap. 

 

From Clearwell No. 3 filtered water is then pumped to the Dort Reservoir for chlorination and 
blending with the Detroit water supply. Once blended, water flows by gravity from the Dort 
Reservoir to the high-service pumps at Pump Station No. 4. From there, water is pumped by 
one or more of the five high-service pumps, Pumps No. 1, 2, 7, 8, and 9, into the City’s 
distribution system. 
 

When treating raw water from Lake Huron, some of these processes and chemical additions 
become unnecessary and can be bypassed, or deleted, while other treatment processes and 
chemicals become necessary. Thus, if the plant were to treat raw water from Lake Huron on a 
continuous basis, portions of the plant would require modification or upgrades, as discussed in 
the following section.
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9.3 - Unit Process Design for Treating Water from L ake Huron 
 

Of the processes and infrastructure located within the Flint WTP, the following areas will require 
some form of modification or upgrade in order to treat raw water from Lake Huron: 
 

1) Raw Water Feed to Ozone Contactor Basin; 
2) Power Infrastructure; 
3) Emergency Power; 
4) Post-Filtration Disinfection System; 
5) Aluminum Sulfate Feed System; 
6) Phosphoric Acid Feed System for Corrosion Control and Sequestering; 
7) Post-Filtration Pump Station;  
8) Telemetry and SCADA Systems;  
9) Security Measures; and 
10) Secondary Emergency Connection to Genesee County. 

 

For clarification purposes Figure 9.1 has been included and depicts a schematic of the 
upgrades presented herein. 
 

9.3.1 - Raw Water Feed 
 

It is anticipated that raw water from Lake Huron will be fed to the WTP via a 48-inch diameter 
pipe, which will be piped directly to the Ozone Contactor Basin. In order to avoid re-pumping at 
the WTP, it will be necessary to maintain a hydraulic gradient of approximately 747 feet at the 
inlet to the Contactor Basin within the 48-inch transmission main. Furthermore, it is anticipated 
that several utilities will be crossed during the construction of the 48-inch raw feed line to the 
Contactor Basin including, but not limited to, several major water lines from Pump Station No. 4, 
including two 42-inch water mains and a 48-inch water main; a 6-inch sanitary sewer line; yard 
piping consisting of an 18-inch, a 24-inch, and a 36-inch water main; a 21-inch storm sewer; and 
miscellaneous telephone and electrical lines. 
 

9.3.2 - WTP Power Infrastructure 
 

Currently, the treatment facility utilizes 2,400 volts as facility-wide power to directly serve the 
2,400-volt switchgear and motors currently located in Pump Station No. 4, as well as 
transformers throughout the facility. Based on the current state of the facility’s power 
infrastructure, as well as a number of the proposed improvements discussed herein, there are a 
number of items that need to be addressed in regard to the overall power infrastructure:  
 

• The plant’s incoming power feed voltage needs to be raised from 2,400 volts to 
4,160 volts. This would allow the plant to utilize the existing network of feeders to 
handle nominally twice the power-carrying capacity and eliminate the need to 
provide additional feeder capacity to Pump Station No. 4.  
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• As a result of the voltage change, it would also require some modification of any 
existing 2,400 volt equipment and reconnections or replacement of all existing 
2,400 volt transformers. For example, the southwest MCC room transformer – 
rated at 1,000 KVA – and the Ozone Contactor Basin transformer – rated at 750 
KVA – should be field convertible to 4,160 volts. It is anticipated that a number of 
additional transformers will also need to be converted in the field, including: 

 
o Two (2) 225-KVA dry transformers in the Main Substation;  
o Two (2) 100-KVA dry transformers in the North Electrical Room; and, 
o Two (2) 300-KVA dry transformers in the South Electrical Room and one 

(1) in the southeast Office Area.  
 

• Transformers located in the Electrical Maintenance Facility and Control Station 
No. 2 (located offsite) are not field convertible and will be replaced with units 
capable of operating at 4,160 volts. 

 

9.3.3 - WTP Emergency and Backup Power 
 

As a base-load facility capable of producing water at any time, the Flint WTP must have the 
ability to deal with power outages. Although the plant currently has a dual 46-KV primary feed 
system with automatic transfer entering the plant, these feeds come from the same switch yard.  
 

While the plant is also equipped with two main substation transformers (operating in parallel) 
and dual 2.4-KV conductors to the majority of the plant, this setup does not address power 
issues that may occur with the generating utility or the transmission grid. For example, if the 
generating utility were to experience a failure at the switch yard, the possibility exists that the 
failure would cause the subsequent failure of both primary feeds to the treatment facility, which 
in turn would require the plant to operate using another power source or emergency power. 
 

In the past, the plant has used two (2) Fairbanks Morse 1.8 MW diesel engine generators for 
emergency power. However, while these high-quality units were designed for full time power 
generation applications, they are antiquated equipment that had a history of significant 
maintenance issues. As a result, a series of three to four new generators, working in parallel, 
are proposed to replace these generators. 
 

A likely location for a new bank of generators would be in the immediate vicinity of the existing 
sub-station. Based on emergency loading requirements of approximately 1.7 MW for the entire 
facility, and allowing for one unit to be out of service, a bank of three (3) 1-MW units or four (4) 
0.75-MW units would be capable of providing adequate emergency power.  
 

In addition to the generators, however, additional switchgear, fuel storage tanks, controls, and 
computer monitoring (e.g. SCADA) would be required to complete the proposed Emergency 
Power System. 
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9.3.4 - Post-Filtration Disinfection 
 

Disinfection destroys bacteria and viruses, helping to protect ecosystems and prevent the 
spread of waterborne disease. The most commonly used disinfectant for both drinking water 
and wastewater treatment is chlorine. Its effectiveness against a wide spectrum of disease 
causing organisms, relatively low cost, and high reliability contribute to its popularity. Chlorine 
can be applied to water directly as a gas, mixed with water and applied as a solution, or through 
the use of chlorinating chemicals.  
 

However, because chlorine production is energy intensive, and because energy costs have 
been increasing over the last decade, the price of chlorine has risen substantially in recent 
years. In addition, since the terrorist attacks on 9-11, water systems are giving greater attention 
to the security of their facilities and are conducting comprehensive “vulnerability assessments” 
and taking actions to protect against potential contamination of water supplies or disruption of 
service. As a result, many facilities are choosing to abandon gaseous chlorine and are turning to 
alternative methods of disinfection.  
 

Of the alternatives available, liquid sodium hypochlorite is becoming the disinfection chemical of 
choice because it is inherently safer than gaseous chlorine. In solution, sodium hypochlorite 
(NaOCl) is commonly known as bleach and can be purchased and delivered in bulk, or it can be 
produced in a dilute concentration with onsite equipment. Both options for using sodium 
hypochlorite are technically feasible, although there is some uncertainty regarding the suitability 
of onsite sodium hypochlorite generation systems for the Flint WTP related to the reliability, 
system efficiency, and effectiveness.  
 

It should be noted, however, that there are some advantages to onsite sodium hypochlorite 
generation. For example, the initial capital costs for onsite sodium hypochlorite generation 
systems are higher than bulk sodium hypochlorite systems, but the life cycle costs over a 
20-year period were estimated to be lower. Additionally, an onsite NaOCl generation system 
would have the advantage of producing NaOCl on an as-needed basis, so degradation and 
large storage facilities would be immaterial.  
 

Further discussion with plant and City personnel, however, indicated that storage and feed 
facilities for a bulk or semi-bulk hypochlorite system would be similar to systems already onsite, 
resulting in operating and maintenance issues that would be comparable. And, the lower capital 
investment associated with a bulk system is more attractive at this time.  
 

For the use of bulk sodium hypochlorite, sodium hypochlorite is typically transported at 12 to 
15% concentration. Upon delivery, the chemical can be diluted to the desired storage 
concentration. USEPA typically requires storage of a 30-day supply of treatment chemicals.  
 

While storage of the chemical solution at higher concentrations allows for lower required 
volumes, higher concentrations accelerate the breakdown of sodium hypochlorite to undesired 
byproducts. Other factors that accelerate the breakdown of sodium hypochlorite include 
increasing temperature, increasing exposure to ultraviolet light, and deviation from the optimal 
pH range. Water treatment plants normally store sodium hypochlorite in bulk at concentrations 
from 65 to 12%, based on expected use.
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It is anticipated that liquid sodium hypochlorite will be purchased and delivered to the Flint WTP 
where it will be diluted to a lower concentration and stored in corrosion-resistant bulk storage 
tanks. Ideally, the tankage should be installed in a dark and temperature-controlled environment 
maintained at about 60 to 70° Fahrenheit. If that i s not feasible, it should be in a shaded 
enclosure with good airflow to slow degradation. The tanks themselves should be double-walled 
and constructed of a NaOCl-compatible fiberglass resin with a resin-rich vinyl ester inner wall.  
 

It is anticipated that the proposed NaOCl system will fit within the confines of the existing 
chlorine facilities. Based on an average daily plant flow of 20 MGD, a typical dosage rate for 6% 
concentrated solution would be 1 part per million (ppm) and the system would require 
approximately 10,000 gallons of storage to meet the monthly storage requirements 
recommended by the USEPA. Working within the space limitations of the facility, it is anticipated 
that two tanks of approximately 4,500 gallons each would be required, as well as a tank of 
approximately 2,100 gallons.  
 

Typically, a 4,500-gallon bulk load of 12% solution concentration delivered to the site would then 
be split equally between the two proposed 4,500 gallon storage tanks. Both tanks would then be 
filled with dilution water to provide a total of 9,000 gallons of a 6% solution. As the chemical was 
used, and the stored volume decreased to approximately 2,000 gallons, the remaining chemical 
in the larger tanks would be transferred to the 2,100-gallon storage tank, which would provide 
approximately one week’s worth of solution, based on average daily flow rates and dosages. 
With the two larger tanks empty, a subsequent full truck load of bulk chemical could be 
delivered to initiate the dilution process again.   
 

Pumps will be provided to transfer chemical from the storage tanks to a day tank. From the day 
tank, the chemical will be delivered by the metering pumps to the injection points. A water 
flushing system will be provided to allow for flushing of the entire system during shutdown or 
intermittent-usage periods to minimize gasification and crystallization.  
 

The feed system will be automatically controlled and take advantage of available control 
technology. Because of the degradation potential of NaOCl, chlorine-residual control is 
warranted. The residual sample point should be relatively close to the NaOCl application point 
on the downstream side to avoid “chasing” the residual set-point. As an added precaution, pH 
monitoring can be installed on the NaOCl storage tank or in the tank discharge line to monitor 
any drops in the pH of the neat solution that would indicate contamination problems.  
 

Personnel who handle NaOCl will need to take the same precautions as they would for any 
other caustic material. Care should be taken to assure that the NaOCl does not come into 
contact with the skin; if it does, the skin should be immediately flushed with water. Emergency 
eyewash/showers will be provided as required within the chemical room and at the unloading 
station.  
 

9.3.5 - Aluminum Sulfate Feed System  
 

Aluminum sulfate (also called “alum”) or a similar metal salt is used as a primary coagulant for 
removing turbidity, color, bacteria, algae, and other organic compounds from surface or 
groundwater. 
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For this application, it is proposed that alum be purchased as a liquid at a concentration of 48% 
in a water solution. It is anticipated that the solution will added to the incoming raw water at the 
rate of approximately 1-3 milligrams per liter (mg/L).  
 

The three existing double-walled corrosion resistant fiberglass tanks currently used for bulk 
storage of ferric chloride, along with one additional new tank to match the existing, would be 
used to provide the required bulk storage volume. The three existing day tanks currently used 
for ferric chloride would be converted to alum feed day tanks.  
 

Transfer pumps would be provided to transfer the alum from the storage tanks to the required 
day tank, per MDEQ requirements. Chemical metering pumps will draw from the day tanks and 
deliver chemical to the desired point of application. 
 

9.3.6 - Corrosion Control and Sequestering Agent 
 

Phosphate corrosion inhibitors and sequestering agents are among the few recognized 
chemicals that can be safely added to potable water to produce a significant improvement in 
distribution system corrosion, colored water, and scale control. Over 200 phosphate-based 
products are ANSI/NSF Standard 60 certified for potable water treatment for corrosion control 
and metal sequestering.  
 

Phosphate products for potable water treatment can be broadly classified into three groups: 
phosphoric acid, orthophosphates, and condensed phosphates. Phosphoric acid, 
orthophosphates, and condensed phosphates encompass a wide variety of chemical 
compounds having potential for potable water treatment applications. The application of each 
phosphate product depends upon the specific properties or treatment desired. 

 

For this application, it is proposed that phosphoric acid be purchased as a liquid at a 
concentration of 31% phosphate in a water solution. It is anticipated that the solution will be 
added to the filtered effluent water at the rate of approximately 1-2 milligrams per liter (mg/L). 
Based on an average daily plant flow rate and average dosage rates, approximately 
1,125 gallons of storage would be required to meet the minimum 30-day storage requirements. 
A 6,000 gallon bulk storage tank would allow delivery of a full truckload of the chemical. 
A transfer pump would be provided to transfer the phosphoric acid from the storage tank to a 
120 gallon day tank. Chemical metering pumps will draw from the day tanks and deliver 
chemical to the desired point of application. 
 
9.3.7 - Post-Filtration Pump Station  
 

A new transfer pump station, similar to Pump Station No. 4, will be constructed to serve two 
purposes: (1) to transfer treated water from the GAC filters to the Dort Reservoir; and (2) to 
back-feed Genesee County in case of emergencies. Without the pump station to transfer water 
to/from the treatment process, the WTP would be unable to use the reservoir due to hydraulic 
limitations. 
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The pump station itself will be constructed north of Plant No. 2 in the northeast corner of the 
WTP site. It will consist of a one million gallon clear well and a wet well, and will be equipped 
with three (3) low-lift pumps. The low-lift pumps, each equipped with a variable frequency drive, 
will be used when pumping to the Dort Reservoir. Space for the addition of a future pump will be 
provided, but the firm capacity of the three low-lift pumps will be 36 mgd without the future 
pump.  
 
9.3.8 - Residuals Treatment and Solids Handling 
 
As stated previously, ferric chloride sludge generated during primary clarification, as well as 
filter waste backwash water and filter-to-waste water, are currently pumped to the Residuals 
Equalization Clarifier basin. With the upgrade of the plant to treat raw water from Lake Huron, 
the filter waste backwash water and filter-to-waste water will continue to be pumped to the 
Residuals Equalization Clarifier basin, where both the solids and liquid will flow by gravity into 
the sanitary sewer system of the City of Flint. Because of the switch from treating water from the 
Flint River to water from Lake Huron, it will be necessary to switch the primary coagulation 
chemical from ferric chloride to aluminum sulfate (alum). 
 

9.3.9 - Telemetry and SCADA System 
 

The water treatment plant has a variety of equipment, provided by several different 
manufacturers, comprising the telemetry portion of the SCADA system. Currently, the telemetry 
system consists of a master telemetry unit (MTU) located in the plant’s Operations Center. The 
MTU is an Allen-Bradley CAB SLC5104 programmable controller (PLC) and serves as the 
plant’s main PLC or data concentrator. The MTU PLC communicates via Motorola UDS phone 
line modems to five remote stations – Oak, Irish, Belsay, South Genesee, and North Genesee – 
each of which has a complimentary Motorola UDS phone line modem and an AEI SLC5104 
PLC. The communication protocol is proprietary to Allen-Bradley. 
 

Four additional remote sites – Baxter/Potter, Cedar, West Side, and Torrey – communicate to 
the MTU via the use of hardwiring and YO repeaters. Each of these locations use Moore LCM 
YO repeater modules, communicating over Motorola UDS phone line modems to send status 
back to the plant and receive commands from the plant. At the plant the YO repeater units are 
hardwired to YO modules located in the MTU PLC rack. However, it is recommended to remove 
the existing repeaters and install PLC-based RTUs at all four locations consistent with the 
SCADA system currently used at the plant.  
 

The plant SCADA system utilizes the Allen-Bradley SLC 5/04 PLC platform, which is both a 
viable and cost effective solution for PLC-based control systems. Using Allen-Bradley’s SLCs 
for additional plant SCADA also has the benefits of: 
 

• Standardized components with minimal spare parts inventory. 
• Maintenance staff is already trained to support this PLC platform. 
• Additional programming software for a different platform PLC is not required. 
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The plant SCADA system currently uses AB DH+ communications. There are 21 PLCs and 
3 operator stations on the DH+ network for a total of 24 nodes. DH+ networks typically begin to 
degrade, depending on traffic, when the number of nodes reaches 15 to 20. The number of 
operator stations is especially critical as these MMI stations are usually “bandwidth killers.” For 
example, as the SCADA system expands, the additional burden of more PLCs and operator 
stations begin to cause excessive delays in operator station command response times.  
 

One option to preserve the investment currently made in the DH+ communications is to provide 
a means to breakup the existing single network into several smaller ones. Additionally, surge 
protection should be investigated for all networks, as well as incoming PLC power supply and 
communications. 
 

All fiber lines in the plant currently being used for SCADA have six fibers. This relatively low 
number of spare fibers limits the ability to exploit any form of redundant ring self-healing 
communication technologies. Any future fiber lines should have a minimum of 12 fibers. Only 
the fibers that are used are terminated at the in-plant PLC panel locations. If for some reason a 
fiber goes bad, the DH+ network will be down until one of the spare fibers can be terminated 
and connected. 
 

Due to previous rehabilitation projects, the majority of in-place plant equipment is ready to be 
placed onto the plant SCADA system with only the addition of PLCs, VO wiring, and 
programming required. Concentrations of signals due to the locations of MCCs, clusters of 
primary elements or treatment equipment, and remote geographic location lend themselves to 
future locations of PLCs. Possible future PLC locations include, but are not limited to: 
 

• Primary Clarifiers  
• Flocculation Basins (MCC Room) 
• Chemical Feed Area(s) 
• Residuals Handling Facility 
• Main Substation 
• Backup/Emergency Power Generation Facility 

 

It should be noted that MCC rooms represent a concentration of signals that can be tied into the 
SCADA system with minimal wiring and conduit costs. Areas such as that of the Primary 
Clarifier will require a substantial amount of wiring and conduit to the field devices and control 
panels to obtain the required interface signals.  
 

In addition to new PLCs, it is recommended that: 
 

• The plant continues the use of the AB SLC 5/04 platform for any remaining 
expansion to its SCADA system. 

 

• The existing DH+ network be split into four separate networks, using a DH+ 
gateway located at the Main PLC location to function as a switch and limit the 
traffic seen on each of the four networks. 
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• A separate Ethernet drop be provided from the gateway for the sole purpose of 
operator station communications. This will limit MMI traffic seen on each of the 
four DH+ networks. 

 

• The existing AB 1784-KT cards in the operator station computers be replaced 
with dedicated NIC cards. This dedicated SCADANMI Ethernet network should 
have no other drops to it. 

 
• DH+ surge arrestors be installed on every DH+ network, Ethernet network, PLC 

panel power circuit, RS232 serial communication network, and antenna coax. 
 

• The use of an isolated grounding system be employed on new equipment or 
where not cost prohibitive on existing equipment. 

 

• All spare fibers at all locations be terminated and tested. This will allow for a 
quick changeover in case of a fiber failure. Fiber patch panels should be installed 
at all locations where space permits for proper management and protection of the 
fiber communication backbone. 

 

• All new installations employ higher count fiber cables (minimum 12 fibers). 
Where practical, replace existing cables with new to get more spare fibers. 

 

• Make use of redundant fiber modules and adopt a self-healing ring topology for 
the fiber network. The fiber modules should have diagnostics capability that will 
allow the SCADA system the ability to monitor the health of the various links in 
the fiber network. 

 

In addition to the recommended upgrades/modifications to the SCADA system, separate NIC 
cards should be installed in each of the operator stations, which should be dedicated solely for 
the plant SCADA and should not reside on any other network. By taking this step, the plant will 
achieve a firewall between the PLC network and the plant PC network. Should future intranet 
connectivity be desirable at the operator stations, a standalone web server could function as a 
resource to post real time SCADA information on web pages. This web server could be 
connected to the plant PC network to allow access to web page information via any in-plant web 
browser.  
 

Please note, any connection to the internet should be made through the city-wide firewall 
administered by City Information Technology (IT) staff. At the proposed time of implementation 
of an intranet or internet connection at an operator station, an evaluation should be made as to 
the ability to secure this connection based on the current software and hardware technologies. 
 

As stated previously, the water plant makes extensive use of dedicated, conditioned phone lines 
in its telemetry system. Phone line charges can represent a significant monthly cost, especially 
on large telemetry systems. Evaluation of radio as communication has shown that while 
installation costs are typically greater than that of phone lines, radio has no monthly usage fees. 
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Also, if there is a communication failure, repairing the radio system is a self determining effort 
rather than relying on a third party (the local telephone company) of which the plant has very 
little, if any, control over. This is a major concern for a utility in an area susceptible to major 
storms that may down utility poles or damage lines. 
 
With radio there is usually concern about the propagation of the signal and the potential for 
interference. From observations of the service area’s topography and foliage, radio 
communication may be successful as an infrastructure for the telemetry system. There are 
several avenues available to implement a radio-based telemetry system, including: 
 

• The use of 2.4 GHz frequency and associated equipment that has a typical range 
of 2 to 3 miles. This wireless system would employ seamless Ethernet 
connectivity with typical data rates in the area of 1M to 3M baud. It should be 
noted that the range limitations of this system typically require additional access 
points to cover the required areas pertinent to the utility and the subsequent 
costs of additional access points can often be prohibitive. 

 

• The use of unlicensed 900 MHz radio equipment and associated equipment that 
has a typical range of 7 to 9 miles. These radios have a much lower bandwidth 
than the 2.4 GHz equipment, with maximum data rates in the area of 0.5M baud 
and Ethernet connectivity. Due to the higher permissible radio output power of 
1 watt, and the less line-of-sight characteristics of a lower frequency, the 
900 MHz frequency is less susceptible to rain and fog than the 2.4 GHz 
frequency. Thus, using this lower frequency should allow coverage of the areas 
pertinent to the water plant with one MTU located at the water plant.  

 

• Pursuing lower frequencies, such as the 450 MHz or 154MHz bands will allow a 
permissible increase in power (typically up to 5 watts) and have even less 
line-of-site requirements. A typical range of coverage in the area of 15 miles is 
not uncommon. Several key disadvantages of even lower frequencies are the 
requirement for FCC licensing and the fixed frequency does not permit the use of 
the frequency hopping technology used on the 900 MHz and 2.4 GHz ranges. 
The frequency hopping technology has the benefit of providing an inherently 
secure radio infrastructure and a resistance to interference. 

 

It is therefore recommended that the water treatment plant switch from phone-based telemetry 
communication to radio-based telemetry. However, it will be necessary to conduct a detailed 
radio path propagation study utilizing a minimum fade margin of 20db at the 2.4 GHz, 900 MHz, 
and 450 MHz bands to determine the ideal frequency.  
 

If possible, the plant should utilize frequency-hopping technology to provide security and 
minimize interference problems. Because of the migration of RTU and PLC equipment towards 
Ethernet connectivity, the plant should also utilize a radio manufacturer that supports Ethernet, 
serial, or both types of end devices to be connected to the radio infrastructure.  
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9.3.10 - Security Measures 
 

A number of security measures have recently been implemented due to Homeland Security 
requirements at the Flint WTP in accordance with the City’s Vulnerability Assessment. However, 
several items still have not been finalized and will therefore be completed as part of these 
proposed upgrades. Details of the items to be addressed are not provided within this Technical 
Memorandum as they are confidential, but associated costs for the measures have been 
included.   
 

9.3.11 - Secondary Emergency Connection to Genesee County 
 

As a secondary emergency back-up to the Genesee County Water Treatment Plant, the City of 
Flint could back feed the County through Control Station No. 2. In order to accomplish this, 
Pump #4 (at Pump Station No. 4) would be replaced with a high service pump capable of 
pumping approximately 15 MGD at 250 feet of head. A VFD would also be installed along with 
the new pump, providing the capability of varying the flow to Control Station No. 2 by Flint WTP 
personnel so as not to interrupt or diminish flow to City customers.  
 
Please note, costs associated with these changes have not been included in the final costs for 
the balance of the upgrades and modifications proposed in this Technical Memo. 
 

9.4 - Treatment Performance Criteria and Basis of D esign 
 

The following is the design criteria by which the upgrades for the City of Flint’s Water Treatment 
Plant have been based.  
 

Firm Treatment Capacity: 36 mgd 
Water Supply: Lake Huron 
Emergency Water Supply: Flint River 

 

The following Basis of Design illustrates the specifics of new and altered processes to allow the 
water treatment plant to treat raw water from Lake Huron at a quality similar to that received 
from DWSD. The average daily flow rate is estimated based on projected flow demands for the 
City of Flint for 2014. 
 

9.4.1 - General 
 

Maximum Day Flow Rate: 36 mgd 
Average Day Flow Rate: 16.52 mgd 
Minimum Day Flow Rate: 10 mgd 

 

9.4.2 - Ozonation 
 

Number of Contactor Trains: 3 
Maximum Flow per Train: 12 mgd 
Number of Compartments per Train: 2 diffusion basins, 9 contact chambers 
Estimated Maximum Ozone Dosage: 4 mg/l  
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Diffusion Basins 
Type of Diffuser: Fine-Bubble Ceramic Dome 
Transfer Efficiency: 92% 
Size of Each Diffusion Basin: 11’ x 10’ x 23’ SWD 
Hydraulic Retention Time at 16.52 mgd: 3.3 minutes 
 

Contact Chambers 
Size of Each Contact Chamber: 8 @ 30’ x 7’ x 23’ SWD 
 1 @ 24’ x 7’ x 23’ SWD 
Hydraulic Retention Time at 16.52 mgd: 27.7 minutes 
 
Ozone Residual Quenching  
Quenching Chemical: sodium bisulfate 
Required Dosage: 2.2 mg/l per mg/l ozone 
Estimated Maximum Feed Rate: 150 lbs/day 
 

Ozone Generator Capacity 
Number of Generators: 2 
Number of Standby Generators: 1 
Rated Capacity of Each Generator: 600 lbs/day 
Estimated Maximum Feed Rate: 1,200 lbs/day 

 

9.4.3 - Rapid Mixing 
 

Number of Units: 2 
Maximum Allowable Flow to Unit:  18 mgd 
Size of Each Unit:  5’-7” x 6’-6” x 21’ SWD 
Volume of Each Unit: 762 ft3 
Hydraulic Retention Time: 30 seconds 

 

9.4.4 - Primary Flocculation 
 

Number of Units:  2 
Size of Each Unit:  38’ x 88’ x 16’ SWD 
Volume per Unit:  53,504 ft3 
Maximum Allowable Flow to Each Unit:  18 mgd 
Hydraulic Retention Time: 35 minutes 
 

Outlet Conditions 
Number of Openings per Unit: 10 
Size of Each Opening:  2’ x 2’ 
Total Open Area per Unit: 40 ft2 
 

9.4.5 - Primary Clarification with Plate Settling 
 

Number of Basins: 1 
Number of Cells per Basin: 4 
Size of Each Cell:  93’ x 30’ x 22’ SWD 
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Volume of Each Cell:  61,380 ft3 

Area of Plates:  20,993 ft2 
Type of Weir: v-notch 
Number of Weir Troughs per Cell: 3 

 

9.4.6 - Filtration 
 

Type of Filter: Granulated Activated Carbon 
Number of Filters:  12 
Size of Each Filter Unit: 25’ x 28’ 
Filter Area per Unit: 700 sf 
Filtration Rate: 3 gpm/ft2 
Capacity of Each Filter: 3 mgd 
Maximum Rated Capacity:  36 mgd 
Filter Box Depth:  9.92 ft 

 

9.4.7 - Disinfection 
 

Chemical Form: 6% NaOCl solution 
Average Dose: 1 mg/l @ 16.52 mgd 
Maximum Dose: 2 mg/l @ 36 mgd 
Estimated Contact Time: 25 minutes 
Chemical Storage Capacity:  11,100 gallons 
Day Tank Capacity:  1,000 gallons 

 

9.4.8 - Post-Filter Pump Station 
 

Low-Lift Pumps to Dort Reservoir 
Number of Pumps: 3 
Number of Standby Units: 1 
Firm Pumping Capacity: 36 mgd 
Rated Capacity of Each Pump: Pump No. 1 - 15 mgd @ 35’ TDH 
 Pump No. 2 - 20 mgd @ 35’ TDH 
 Pump No. 3 - 20 mgd @ 35’ TDH 
 

9.4.9 - Chemical Feed Systems 
 

Alum for Rapid Mix Clarification 
Chemical Form:  Al2(SO4)

3 solution 
Average Dose: 1 mg/l @ 16.52 mgd 
Maximum Dose: 2 mg/l @ 36 mgd 
Chemical Storage Capacity: 20,000 gallons  
 

Phosphates for Corrosion Control 
Chemical Form: 31% PO4 solution 
Average Dose: 1.0 mg/l as PO4 @ 16.52 mgd 
Maximum Dose: 2.0 mg/l as PO4 @36 mgd 
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Chemical Storage Capacity: 6,000 gallons 
Day Tank Capacity: 120 gallons 
 
Hydrofluosilicic Acid for Fluoride Treatment 
Chemical Form:  30% H2SiF6 solution 
Average Dose:  1.0 mg/l as F @ 16.52 mgd 
Maximum Dose: 1.0 mg/l as F @ 36 mgd 
Chemical Storage Capacity: 1,000 gallons 
Day Tank Capacity:  200 gallons 

 

9.5 - Engineer’s Opinion of Construction Cost 
 

A detailed breakdown of construction costs is summarized in Table 9.1 through Table 9.8 on the 
following pages. Construction costs are based on the conceptual designs as outlined in the 
previous sections of this report, and have been compared with past costs from projects that are 
similar in scope and complexity. Overall, the cost to update the Flint WTP in order for the plant 
to treat raw water from Lake Huron is estimated at approximately $7.1 million. Please note, 
historical costs were trended to present day costs using the Engineering News Record 
construction cost indices. All of the following costs are based on a projected Engineering News 
Record cost index value of 8688. 
 

Table 9.1 - Raw Water Feed to Ozone Basing 
 

Item Description Estimated Cost 

48" Raw Water Line with Flow Meter (on WTP property) $ 450,000  

Connection at Ozone Base $ 520,000  

Piping, Valves, Structural Modifications to Ozone Basin $ 150,000 

Subtotal: $ 650,000  

15% Construction Contingency: $ 98,000  

5% Design Contingency: $ 33,000  

17% Engineering, Legal, Bond and Administrative: $ 101,000  

Total: $ 892,000  

 
Table 9.2 - Power Infrastructure, including Emergency/Backup Power 

 

Item Description Estimated Cost 

Substation Upgrade $ 980,000  

Dewatering Building Feeders $ 90,000  

Subtotal: $ 1,070,000  

15% Construction Contingency: $ 161,000  

5% Design Contingency: $ 154,000  

17% Engineering, Legal, Bond and Administrative: $ 182,000  

Total: $ 1,467,000  
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Table 9.3 - Post-Filtration Disinfection System 
 

Item Description Estimated Cost 

Demolition of Existing Equipment in Chlorine 1-Ton Storage Room $ 40,000  

Bulk Storage Containers and Day Tank $ 50,000  

Metering Pumps and Tables $ 12,000  

Piping, Valves and Accessories $ 10,000  

Containment $ 60,000  

Installation $ 75,000  

Subtotal: $ 247,000  

15% Construction Contingency: $ 37,000  

5% Design Contingency: $ 12,000  

17% Engineering, Legal, Bond and Administrative: $  42,000  

Total: $ 338,000  

 
Table 9.4 - Aluminum Sulfate Feed System 

 

Item Description Estimated Cost 

Conversion of Existing Ferric Chloride Feed System to Alum $ 25,000  

Subtotal: $ 25,000  

15% Construction Contingency: $ 4,000  

5% Design Contingency: $ 1,000  

17% Engineering, Legal, Bond and Administrative: $ 4,000  

Total: $ 34,000  

 
Table 9.5 - Phosphoric Acid Feed System for Corrosion Control and Sequestering 

 

Item Description Estimated Cost 

Bulk Storage Container and Day Tank $ 25,000  

Metering Pumps and Tables $ 10,000  

Piping, Valves and Accessories $ 10,000  

Containment $ 35,000  

Installation $ 30,000  

Subtotal: $ 110,000  

15% Construction Contingency: $ 17,000  

5% Design Contingency: $ 6,000  

17% Engineering, Legal, Bond and Administrative: $ 19,000  

Total: $ 152,000  
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Table 9.6 - Post-Filtration Pump Station 
 

Item Description Estimated Cost 

Pump House Building $ 360,000 

Furnish and Install One (1) 16-MGD @ 35 ft of TDH - Horizontally Mounted Pump  $ 250,000 

Furnish and Install Two (2) 20-MGD @ 35 ft of TDH - Horizontally Mounted Pump  $ 600,000 

Internal Piping, Valves, Supports and Steady Bearings $ 250,000 

Intermediate Platforms, Ladders, Stairways, Ventilation and Boiler System $ 450,000 

Subtotal: $ 1,910,000 

15% Construction Contingency: $ 287,000 

5% Design Contingency: $ 96,000 

17% Engineering, Legal, Bond and Administrative: $ 325,000 

Total: $ 2,618,000 

 
Table 9.7 - Telemetry and SCADA Systems 

 

Item Description Estimated Cost 

Plant SCADA Panels, Installation and Programming $ 735,000  

Telemetry System Panels, Installation and Programming $ 245,000  

Additional Primary Elements $ 25,000  

Computers, Software, and Training $ 160,000  

Subtotal: $ 1,165,000  

15% Construction Contingency: $ 175,000  

5% Design Contingency: $ 58,000  

17% Engineering, Legal, Bond and Administrative: $ 198,000  

Total: $ 1,596,000  

 
Table 9.8 - Security Measures 

 

Item Description Estimated Cost 

Implementation of Miscellaneous Security Measures $ 6,500  

Subtotal: $ 6,500  

15% Construction Contingency: $ 1,000  

5% Design Contingency: $ 500  

17% Engineering, Legal, Bond and Administrative: $ 1,000  

Total: $ 9,000  

 

9.6 - Schedule 
 
Given a start date of March 2010, it is anticipated that the design of the proposed updates and 
modifications to the Flint Water Treatment Plant could be completed by September 2010. Once 
the design has been completed, permits would be sought and the bidding phase could take place. 



Karegnondi Water Authority Lake Huron Water Supply Study 

 Page 19 of 20 

Construction would begin April 2011, with final close-out as soon as June 2012, as shown in 
Table 9.9. 
 

Table 9.9 - Estimated Design and Construction Schedule 
 

Task Approximate Date 

Notice to Proceed with Design Engineering March 2010 

Preparation of Specifications April – July 2010 

Preparation of Plans April – July 2010 

Preparation of Engineer's Estimate of Construction Costs June – July 2010 

Preparation of Permit Application(s) July 2010 

Stakeholder Review and Preliminary Comments/Approval August 2010 

Finalization of Specifications September 2010 

Finalization of Plans September 2010 

Submit Plans & Specifications to Permitting Agency for Review/Approval October – November 2010 

Bidding Phase December 2010 

Contract Award January 2011 

Preconstruction Meeting February 2011 

Notice to Proceed March 2011 

Mobilization April 2011 

Construction April 2011 – February 2012 

Substantial Completion March 2012 

Restoration, Punch-List, and Final Clean-up April 2012 

Demobilization May 2012 

Project Closeout June 2012 

 

9.7 - Engineer’s Opinion of Operation and Maintenan ce Costs 
 
Based on the proposed changes at the WTP identified herein, operation and maintenance 
(O&M) costs for an average flow rate of 16.52 MGD beginning in 2014 are estimated at $4.0 
million. A detailed breakdown of the anticipated O&M budget for 2014 is shown in Table 9.10. 
Please note, the following costs are based on a projected Engineering News Record cost index 
value of 8688. 
 

Maintenance costs have been estimated based not only the proposed equipment upgrades and 
changes outlined herein, but existing equipment maintenance as well. Furthermore, the 
depreciation costs shown in Table 9.10 reflect only the depreciation associated with the 
proposed plant upgrades and modifications outlined in this study. Depreciation for existing 
equipment already part of the plant’s existing treatment process have not been taken into 
account for the proposed 2014 O&M budget.
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Table 9.10 - Projected Annual O&M Budget (2014) 
 

Item Description Estimated Cost 

Maintenance:  $  395,000 

Labor:  $  1,635,000 

Chemicals:  $  530,000 

Power:  $  950,000 

Residuals:  $  135,000 

Depreciation:  $  355,000 

Total: $ 4,000,000 
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