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T E C H N I C A L  M E M O R A N D U M   
 

Cost Estimates for Water Supply Alternatives 
PREPARED FOR: Waukesha Water Utility 

PREPARED BY: CH2M HILL  

DATE: April 2, 2010 

 

Background 
To plan for the City of Waukesha’s long-term water supply needs, the Waukesha Water 
Utility conducted water supply studies and contributed to regional water supply planning 
efforts. During the past several years, alternative water supply strategies were investigated 
at the conceptual level, including cost estimates. The cost estimates were developed to meet 
the intent of Act 227, Wisconsin’s Compact implementation statute, and water supply 
planning law (2007) as part of an application for Great Lakes water.  

Cost Estimate Basis 
The cost estimates are based on conceptual information (proposed asset type, location, and 
capacity) and no design has been completed. They support strategic planning efforts that 
assess the feasibility of different alternatives and screen project options. The estimates are 
prepared for the purpose of long-range capital planning. They were prepared for guidance in 
comparing alternatives based on information available at the time of the estimate. Detailed 
engineering design has not been done. The final cost estimate of any project will depend on 
market conditions, site conditions, final project scope, schedule, and other variable factors. 
As a result, final project costs may vary from the estimates presented here. 

Examples of estimating methods include cost/capacity curves, scale-up factors, historical 
cost information and parametric modeling techniques. The cost estimates include: 

 Preliminary pipeline alignments and facility siting plans to meet Wisconsin Department 
of Natural Resources environmental reporting and cost-effectiveness reporting 
requirements. This also provided more information on high cost items such as pipeline 
highway and water crossings. 

 Treatment strategies for the groundwater supply alternatives considered water quality 
data on both the deep and shallow aquifers. For example, arsenic removal treatment was 
used for shallow groundwater because of the recent discovery of arsenic in the future 
shallow wellfield. Disinfection was used because shallow groundwater modeling 
indicated a significant surface water influence could be present. The trend of increasing 
TDS in the deep aquifers resulted in desalination treatment being added in 2020. 

CH2M HILL’s proprietary Parametric Cost Estimating System (CPES) was used to generate 
water treatment plant construction, operation, and maintenance cost estimates by inputting 
fundamental water treatment process design criteria. The tool generates facility footprints to 
support site layout development and facility planning for quick assessment of cost and 
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space impacts of alternatives. CPES uses updated industry databases and actual costs from 
other projects.  

 Development costs for new shallow wells reflect recent shallow well costs and Lathers 
property wellfield planning. 

 Electrical power costs reflect 2009 Water Utility rates. 

 Backup power generation systems were included in the estimates for pump stations, 
wells, and treatment plants. 

 Wastewater disposal costs were included for the water treatment plant residuals. 

 Greenhouse gas estimates were prepared for all the alternatives to quantify this 
environmental impact. 

Construction cost estimates include the following:  

 Contractor bonds and insurance: 3 percent 
 Contractor mobilization and demobilization: 5 percent 
 Contractor overhead: 8 percent 
 Contractor profit: 4 percent 
 Project contingency: 25 percent 

Further, the estimated total construction costs include:  

 Engineering, planning, and design: 8 percent 
 Permitting, legal, and administration: 12 percent 
 Engineering services during construction: 8 percent 

Capital and Life-Cycle Costs 
Table 1 summarizes the capital, operation/maintenance and present worth costs of the 
water supply alternatives. Appendix M contains the detailed backup for the estimates.  

TABLE 1 
Water Supply Alternative Cost Estimates 

Water Supply Alternative 
Capital Costa 

($ million) 
Annual Operation/Maintenance 

Cost ($ million) 
20 yr Present Worth 
Cost ($ million, 6%) 

50 yr Present Worth 
Cost ($ million, 6%) 

Deep and shallow 
aquifers 

189 7.2 272 302 

Shallow aquifer and 
Fox River alluvium 

184 7.4 269 301 

Lake Michigan with 
return flow to 
Underwood creek 

164 6.2 235 262 

Lake Michigan and 
Shallow Aquifer 

238 7.5 324 356 

aIncludes direct construction cost, contractor administrative costs (insurance, bonds, supervision etc), 25% 
contingency, and costs for permitting, legal, engineering, administrative.
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Major changes from the last cost estimate include: 

 Wellfield costs for Alternatives 1 and 2 increased because of a larger distance between 
shallow wells and additional wells. Changes were made based on recent shallow aquifer 
groundwater modeling results and attempting to reduce impacts on water resources. 

 A new alternative was added. Alternative 4 includes the Lake Michigan supply and 
return system and the shallow aquifer. The Lake Michigan supply and return system has 
a smaller capacity (24-inch-diameter pipelines vs. 36-inch-diameter pipelines in 
Alternative 3). The shallow aquifer supply and treatment system is the same as in 
Alternative 1. 

 

 





























































































































































































































































































































































Underwood Creek Return Flow

Pipeline Waukesha WWTP 794 Google earth elevation at WWTP
Segment Miles Diameter elevation at watershed divide 895

A 11.4 36 Discharge at Underwood Creek 718
Segment A Piping K 6.85 (one K=1.0 entr, ten K=0.30 90-elb, 3 open bfly valve K=0.25,one bend thru rdcr tee K=1.80+0.3)
Segment B Piping K 5.65 (one flow thru tee K=0.6, five K=0.3 90-elb, one bend thru tee K=1.80, three open bfly valve K=0.25, one exit K=0.5)
Piping Friction Factor 0.015
Power cost, $/kw 0.06
Power efficiency 0.9
GHG, lbs CO2/Mwhr 1859

A A A Total Total Total Annual Annual
Supply Supply Pipeline Pipeline Piping FW Piping Static Friction Power Annual GHG

Flow Rate Flow Rate Velocity Frict Loss Misc K Loss Fric Loss Loss Head TDH TDH Power Power Usage Power CostProduced
mgd gpm ft/s ft ft ft ft ft ft psi hp kw kw $ tons CO2

ADD 10 6940 2.19 22.25 0.51 22.76 102 124 124 54 273 226 1978537 $118,712 1839
MDD 14 9716 3.06 43.60 1.00 44.60 102 146 146 63 449 372 3256229 $195,374 3027

WWTP Effluent Pump Station
Approx. Topo EL 794

Design TDH 146 ft must be designed to pump up to the watershed divide;
63 psi

No. of pumps 3 3 active, 1 standby
Capacity, mgd (each) 3.33
HP (each) 122 nominal 150 hp

Drive variable frequency



Underwood Creek Return Flow

Pipeline Pipeline 
Segment Diameter Construction

A 36 432 Difficulty
B 36 432 Alignment Factors Seg A cost

Category (source: CPES) $/lf
Unit cost $/dia-in 12 Open country 0.74 320

Low urban 1.00 432
Mile Cost Comments Medium urban 1.19 514

1 $2,389,306
0.75 mi follows river, crosses Prairie ave, Marshall and 
Dunbar, 0.25 under alley to NW ave High urban 1.37 592

2 $2,389,306
Cross Maple, Grand, Barstow, East, Barney, Hartwell, 
crossing of E Broadway (major street); end at Oakland Groundwater 1.30 562

3 $3,290,285
follows path (cross Greendale and Frederick), cross 
East Side bypass HYW 59 (MAJOR) Forest 1.15 497

4 $1,836,971 70%

Follows New Berlin trail/utility corridor, cross 
Springdale;also a stream crossing, some forest 
(assume 20%); ends near stream crossing Gravel roads 0.85 367

5 $1,555,159 70%

Follows trail, open country mostly, some forest (assume 
30%), wetlands for 0.5 mi; assume groundwater; ends 
near wetlands/open water pond Creek crossing 2.00 864

6 $1,247,001 70%
Follows trail, open country mostly, some forest (assume 
10%) HWY crossing 4.00 1728

7 $1,700,456 70%

Begins near Calhoun, one stream crossing; becoming 
urban again but still follows trail and is mostly open, 
crosses Calhoun and ends near Moorland, assume 
10% forest

8 $1,181,537 70%
Still in trail, no crossings; very open; Ends near 
Sunnyslope Rd

9 $1,181,537 70% Still in trail, no crossings; very open; Ends at 124th st

10 $2,623,104
Going north under 124th st, crosses Greenfield (hwy 
59), ends near 124th and Zinke Dr

11 $3,800,079 Last section follows Underwood Creek, Crosses I-94

subtotal $23,194,740



Underwood Creek Return Flow

Pipelines $23,195,000

10% allowance for pipeline valves & appurtenances $2,320,000

Pipeline Construction Cost $25,515,000

WWTP Effluent Pump Station $3,508,000

Conveyance System Construction Cost $29,023,000

3% markup for Bonds & Insurance $871,000

5% markup for Mob/Demob $1,452,000

8% markup for Contractors Overhead $2,508,000

4% markup for Contractors profit $1,254,000

25% Contingency $8,777,000

Subtotal Markups and Contingency $14,862,000

Total Project Construction Costs $43,885,000

8% allowance for pipeline engineering and design 3,511,000

12% allowance for permitting, legal and administration 5,267,000

8% allowance for pipeline engr services during construction 3,511,000

Subtotal Other Project Costs $12,289,000

GRAND TOTAL PROJECT COST $56,174,000











Root River Return Flow

Pipeline Waukesha WWTP 794 Google earth elevation at WWTP
Segment Miles Diameter elevation at watershed divide 895

A 15.5 36 Discharge at Root River 705
Segment A Piping K 10.35 (one K=1.0 entr, twenty K=0.30 90-elb, 5 open bfly valve K=0.25,one bend thru rdcr tee K=1.80+0.3)
Segment B Piping K 8.15 (one flow thru tee K=0.6, ten K=0.3 90-elb, one bend thru tee K=1.80, five open bfly valve K=0.25, one exit K=0.5)
Piping Friction Factor 0.015
Power cost, $/kw 0.06
Power efficiency 0.9
GHG, lbs CO2/Mwhr 1859

A A A Total Total Annual Annual
Supply Supply Pipeline Pipeline Piping FW Piping Static Power Annual GHG

Flow Rate Flow Rate Velocity Frict Loss Misc K Loss Fric Loss Loss TDH TDH Power Power Usage Power Cost Produced
mgd gpm ft/s ft ft ft ft ft psi hp kw kw $ tons CO2

ADD 10 6940 2.19 30.34 0.77 31 102 133 57 332 275 2413060 $144,784 2243
MDD 14 9716 3.06 59.47 1.51 61 102 163 70 570 472 4138149 $248,289 3846

WWTP Effluent Pump Station
Approx. Topo EL 794

Design TDH 163 ft must be designed to pump up to the watershed divide;
70 psi

No. of pumps 3 3 active, 1 standby
Capacity, mgd (each) 3.33
HP (each) 136 nominal 150 hp

Drive variable frequency



Root River Return Flow
Pipeline 

Pipeline Construction
Segment Diameter Difficulty

A 36 Alignment Factors Seg A cost
B 36 Category (source: CPES $/lf

Open country 0.74 320
Unit cost $/dia-in 12 Low urban 1.00 432

Medium urban 1.19 514
Mile Cost Comments High urban 1.37 592

1 $2,389,306 0%
0.75 mi follows river, crosses Prairie ave, Marshall and Dunbar, 
0.25 under alley to NW ave Groundwater 1.30 562

2 $2,389,306 0%
Cross Maple, Grand, Barstow, East, Barney, Hartwell, crossing of E 
Broadway (major street); end at Oakland Forest 1.15 497

3 $3,290,285 0%
follows path (cross Greendale and Frederick), cross East Side 
bypass HYW 59 (MAJOR) Gravel roads 0.85 367

4 $1,836,971 70%

Follows New Berlin trail/utility corridor, cross Springdale;also a 
stream crossing, some forest (assume 20%); ends near stream 
crossing Creek crossing 2.00 864

5 $1,555,159 70%

Follows trail, open country mostly, some forest (assume 30%), 
wetlands for 0.5 mi; assume groundwater; ends near wetlands/open 
water pond HWY crossing 4.00 1728

6 $1,247,001 70% Follows trail, open country mostly, some forest (assume 10%)

7 $1,700,456 70%

Begins near Calhoun, one stream crossing; becoming urban again 
but still follows trail and is mostly open, crosses Calhoun and ends 
near Moorland, assume 10% forest

8 $1,181,537 70% Still in trail, no crossings; very open; Ends near Sunnyslope Rd
9 $1,181,537 70% Still in trail, no crossings; very open; Ends at 124th st

10 $2,584,328
Going south, 0.7 mi under 124th st. 0.3 mi along Root River pkwy; 
ends near Cleveland Ave.

11 $2,623,104
Follows Root River Parkway, crosses Oklahoma (major crossing), 
ends near S 116th St

12 $1,806,520

Follows Root River Parkway 0.2 mi, crosses Morgan, follows oak 
leaf bike trail, crosses Beloit Rd, ends between Beloit Rd and S 
108th St

13 $2,431,503
Follows Oak Leaf Bike Trail, crosses Hwy 100, crosses Coldspring, 
ends at Hwy 45

14 $3,649,536
In Root River pkwy, cross HWY 45, Layton Ave, ends at Forest 
Home Ave

15 $2,623,104
In Root River pkwy, crosses Forest Home Ave (Hwy 24) and 84th 
st, discharges to Root River

subtotal $32,489,652



Root River Return Flow

Pipelines $32,490,000

10% allowance for pipeline valves & appurtenances $3,249,000

Pipeline Construction Cost $35,739,000

WWTP Effluent Pump Station $3,508,000

Conveyance System Construction Cost $39,247,000

3% markup for Bonds & Insurance $1,178,000

5% markup for Mob/Demob $1,963,000

8% markup for Contractors Overhead $3,392,000

4% markup for Contractors profit $1,696,000

25% Contingency $11,869,000

Subtotal Markups and Contingency $20,098,000

Total Project Construction Costs $59,345,000

8% allowance for pipeline engineering and design 4,748,000

12% allowance for permitting, legal and administration 7,122,000

8% allowance for pipeline engr services during construction 4,748,000

Subtotal Other Project Costs $16,618,000

GRAND TOTAL PROJECT COST $75,963,000



Lake Michigan Direct Return Flow

Pipeline Waukesha WWTP 794
Segment Miles Diameter elevation at watershed divide 895

A 22.0 36 Discharge at Lake Michigan 580
Segment A Piping K 10.35 (one K=1.0 entr, twenty K=0.30 90-elb, 5 open bfly valve K=0.25,one bend thru rdcr tee K=1.80+0.3)
Segment B Piping K 8.15 (one flow thru tee K=0.6, ten K=0.3 90-elb, one bend thru tee K=1.80, five open bfly valve K=0.25, one exit K=0.5)
Piping Friction Factor 0.015
Power cost, $/kw 0.06
Power efficiency 0.9
GHG, lbs CO2/Mwhr 1859

A A A Total Total Annual Annual
Supply Supply Pipeline Pipeline Piping FW Piping Static Power Annual GHG

Flow Rate Flow Rate Velocity Frict Loss Misc K Loss Fric Loss Loss TDH TDH Power Power Usage Power Cost Produced
mgd gpm ft/s ft ft ft ft ft psi hp kw kw $ tons CO2

ADD 10 6940 2.19 43.07 0.77 44 102 146 63 364 302 2644286 $158,657 2458
MDD 14 9716 3.06 84.41 1.51 86 102 188 81 658 545 4772636 $286,358 4436

WWTP Effluent Pump Station
Approx. Topo EL 794

Design TDH 188 ft must be designed to pump up to the watershed divide;
81 psi

No. of pumps 3 3 active, 1 standby
Capacity, mgd (each) 3.33
HP (each) 157 nominal 200 hp

Drive variable frequency



Lake Michigan Direct Return Flow
Pipeline 

Pipeline Construction
Segment Diameter Difficulty

A 36 Alignment Factors Seg A cost
B 36 Category (source: CPES $/lf

Open country 0.74 320
Unit cost $/dia-in 12 Low urban 1.00 432

Medium urban 1.19 514
Mile Cost Comments High urban 1.37 592

1 $2,389,306 0%
0.75 mi follows river, crosses Prairie ave, Marshall and Dunbar, 0.25 under 
alley to NW ave Groundwater 1.30 562

2 $2,389,306 0%
Cross Maple, Grand, Barstow, East, Barney, Hartwell, crossing of E 
Broadway (major street); end at Oakland Forest 1.15 497

3 $3,290,285 0%
follows path (cross Greendale and Frederick), cross East Side bypass HYW 
59 (MAJOR) Gravel roads 0.85 367

4 $1,836,971 70%
Follows New Berlin trail/utility corridor, cross Springdale;also a stream 
crossing, some forest (assume 20%); ends near stream crossing Creek crossing 2.00 864

5 $1,555,159 70%
Follows trail, open country mostly, some forest (assume 30%), wetlands for 
0.5 mi; assume groundwater; ends near wetlands/open water pond HWY crossing 4.00 1728

6 $1,247,001 70% Follows trail, open country mostly, some forest (assume 10%)

7 $1,700,456 70%

Begins near Calhoun, one stream crossing; becoming urban again but still 
follows trail and is mostly open, crosses Calhoun and ends near Moorland, 
assume 10% forest

8 $1,181,537 70% Still in trail, no crossings; very open; Ends near Sunnyslope Rd
9 $1,181,537 70% Still in trail, no crossings; very open; Ends at 124th st
10 $2,059,707 Follows Trail, crosses S 16th St, ends at Hwy 100
11 $2,431,503 Follows Trail, crosses Hwy 45, ends at S 92nd St
12 $2,714,342 Follows train tracks, crosses National, 82nd, 80th, ends at 76th
13 $2,714,342 Follows train tracks, crosses 73rd, 71st, 68th, Becher, ends at Beloit Rd
14 $2,714,342 Follows train tracks, ends at 43rd st
15 $2,714,342 Follows train tracks, ends at 27th st
16 $2,714,342 Follows train tracks, ends at 16th st
17 $2,714,342 Follows train tracks, ends at Hwy 794

18 $2,714,342
Follows train tracks, crosses Hwy 794, Oklahoma, Chase, Howell, Whitman, 
ends near Clement

19 $2,714,342 Follows train tracks, ends near Lake pkwy
20 $2,714,342 Follows train tracks, crosses Lake pkwy, Howard, ends at KK
21 $2,714,342 Follows KK then turns east on Lunham and discharges to Lake

subtotal $48,406,191



Lake Michigan Direct Return Flow

Pipelines $48,407,000

10% allowance for pipeline valves & appurtenances $4,841,000

Pipeline Construction Cost $53,248,000

WWTP Effluent Pump Station $3,508,000

Conveyance System Construction Cost $56,756,000

3% markup for Bonds & Insurance $1,703,000

5% markup for Mob/Demob $2,838,000

8% markup for Contractors Overhead $4,904,000

4% markup for Contractors profit $2,452,000

25% Contingency $17,164,000

Subtotal Markups and Contingency $29,061,000

Total Project Construction Costs $85,817,000

8% allowance for pipeline engineering and design 6,866,000

12% allowance for permitting, legal and administration 10,299,000

8% allowance for pipeline engr services during construction 6,866,000

Subtotal Other Project Costs $24,031,000

GRAND TOTAL PROJECT COST $109,848,000
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