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Executive Summary
The City of Sioux Falls commissioned HDR to perform an analysis on the raw water
transmission lines from the various well fields. This analysis was a highly complicated
evaluation of numerous scenarios that involved the operation of individual wells and how the
system correspondingly responds by delivering water to the Water Purification Facility.
Several key pieces of information were developed for use in this report including;





A detailed water model using Innovyze® InfoWater®. This model included limited pump
curve information, detailed pipe type and sizing and various flow scenarios.
Detailed flow scenarios were developed based on a combination of safe yield for the
ground water wells as they are used today and a look at the maximum water right given
the potential to develop water rights and replace existing wells in the Big Sioux Aquifer.
Optimatix Optimizer® was used to optimize the pipe network sizing.

Given the total water supply resources available to Sioux Falls (groundwater, Lewis and Clark,
and the surface water rights), HDR considered increasing wellfield transmission capacity
incrementally to deliver water at appropriate times for capital expenditures. The key challenge
to optimizing the improvements in the wellfield transmission main was to avoid stranding
infrastructure given the longer planning horizons described in Table EX-1.
HDR proposes a phased approach to implementing raw water transmission main improvements.
Phase 1 is recommended to be completed by 2020 and is projected to provide the City of Sioux
Falls with sufficient pipeline capacity for the next 50 years

Sustainable Peak Day Water Supply Yield (MGD)

Water Source
Ground Water
Surface Water
Lewis and Clark
TOTAL
Average Day - Year
Peak Day - Year

Ideal
Conditions
Including
Future Rights
77(1)
30(4)
24(5)
131
2278
2127

Extended
Average
Drought
Dry
Drought
Normal
Conditions Conditions Conditions Conditions
59(2)
59(2)
59(2)
29(3)
(4)
(4)
30
30
0
0
17(6)
17(6)
17(6)
17(6)
106
2218
2096

106
2218
2096

76
2,147
2090(7)

46
2076
2076(8)

(1) Maximum Water Right
(2) Based on calculated safe yield
(3) Groundwater sources reduced by 50% as in the Report, Future Water Supply Evaluation, 2004, AE2S)
(4) Firm Capacity of Big Sioux Pump Station, per WTP Master Plan Update, 2001, HDR
(5) Future Lewis and Clark Water Right
(6) Current Lewis and Clark Water Right
(7) 25% Demand Reduction achieved through watering restrictions
(8) 50% Demand Reduction achieved through watering restrictions

Table EX-1: Sustainable Peak Day Water Supply Yield
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The Phase 1 project includes maintaining a minimum of two transmission mains paralleling
Minnesota Avenue. Two transmission mains allows for scalability. As is illustrated on
Figure EX-1, the 24-inch main through the airport will be relocated and replaced with a new
36-inch main on a new proposed alignment that follows the Minnesota Avenue Corridor more
closely. The new transmission main would extend just north of 60th Street with a small section
north of 60th street would be upsized to 42-inch. Phase 1 improvements also include upsizing
the existing 36-inch east and west yard piping at the plant to 48-inches. These improvements
would allow for 60 MGD (including Airport wells) groundwater supply to the plant or 45 MGD
without use of the Airport wells.
Phases 2 and 3 pipeline improvements are not anticipated to be required for at least 50 years
and will depend on future city growth, land management planning, and infrastructure condition.
Planning for future replacement and sizing may include the following considerations:






Status of the Airport wells with respect to:
o Condition, rehabilitation and/or replacement
o PFOS and/or other contamination and available treatment
o Airport security and access
Potential relocation of Airport wells to other reaches of the Big Sioux.
Potential relocation of the 42-inch transmission main and upsizing to 48-inch to minimize
disturbance of Minnesota Avenue during construction.
Continued use of the Skunk Creek Wells based condition, safe yield, and water quality.

The Phase 1 cost estimate in 2017 dollars for this project is $8,770,000. Initial evaluations
suggested a 48-inch transmission main or larger would be required. Using Optimizer® software
reduced the pipe size 36-inch, providing considerable savings from the original projections.
Additional studies are recommended to include evaluating well operation. It appears that a
number of well pumps are throttled to prevent wells from being over pumped. This may be a
matter of the requiring well rehabilitation, replacement, or an improperly sized pump. Initial
pump data collected by city staff suggest that wells may be operating at extreme ends of 3
pump curves. Further investigation can assist identification of problem area and optimization of
well production.
Other considerations that will allow for a more developed decision in the future include the
hydrogeological modeling of the USGS that will help answer the previous questions regarding
replacement and relocation of the existing Airport Wells.
An additional recommendation includes developing a drought operations strategy to dictate
operations of the well field during extreme drought periods. This recommendation allows for
planning a sound strategy for the next century supporting the outstanding planning that has
been done to date.
As new information becomes available, or as system operation changes it is recommended that
the model of the system be updated. New information may include, but is not limited to: pump
curves, hydrogeological data, construction, and different operational schemes.
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Section 1
Introduction
The City of Sioux Falls (City) is currently unable to maximize use of its groundwater rights from
its raw water well field. This is presumed to be due to combination of the pipe network restricting
flow, and potential pump performance issues. City staff has reported the maximum groundwater
that can be transmitted to their water purification plant is approximately 35 million gallons per
day (MGD). The total groundwater right for the well field is approximately 77 MGD.
The purpose of this study is to develop a working hydraulic model of the raw water transmission
system of the City’s well field to be used to define future transmission main improvements and
well field expansion. In addition, the hydraulic model can assist with well pump replacement and
sizing analysis. The project was completed in two phases:



Phase 1 – Model Development and Design Standard Development
Phase 2 – Raw Water Transmission Main Planning

Phase 1 was completed by HDR in 2015, and includes two technical reports attached in
Appendix A:



Phase 1 – Raw Water Design Standard Development Report
Phase 1 – Raw Water Model Development Report

The scope of Phase 2 is to:








Calibrate the model using SCADA and field test data and existing pump curves
Run the calibrated model on the existing transmission main with wells producing at the
full Water Right diversion authority to locate deficiencies in the system
Provide a cost effective approach to maximize well pumping and transmission main
improvements to provide the full Water Right diversion authority to the water treatment
plant (WTP)
Prioritize recommended improvements to wells and transmission main to be
implemented based on construction costs and benefit to the water utility
Develop conceptual plan sheets and opinions of probable construction costs (OPCC)
outlining the initial pipeline segments to be upgraded
Identify potential new location for the existing 24-inch transmission pipe that currently
resides under the airport complex

Background
Sioux Falls continues grow, and maintain its status as the largest City within the State of South
Dakota. According to HDR’s population projections completed for this study, the population is
expected to more than double by year 2066, the 50-year planning period. As the water rights
along with Big Sioux Aquifer have been fully allocated, and the Middle Skunk Creek Aquifer has
historically under-produced, it was determined that a study of the current well field transmission
system should be undertaken, in order to properly plan for the future. A number of previous
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studies have been developed for the different water sources of the City, and many were
referenced in the creation of this report.
In 2001, HDR completed an update to the Master Plan for the Sioux Falls Water Purification
Plant treatment facilities. The scope of the update was extensive, evaluating numerous potential
improvements, and also evaluating longer term needs. A number of improvements have been
implemented that were identified in the Master Plan, some of which include:
1. Clarification Basins: In an HDR project, the Actiflo high-rate, ballasted sand clarification
process was added for pretreatment of the surface water ahead of the softening
process. This increased filter run times significantly and reduced powdered activated
carbon and potassium permanganate feed when the surface water source is used.
2. Backwash Recycle: With the addition of the high-rate clarification process, the backwash
water reclaim was implemented. The backwash is returned to that process, a volume
that was averaging over 500,000 gallons per day, and was previously sent to waste to
the sanitary sewer.
3. Surface Water Transmission Line; HDR also conducted a project to improve the
hydraulic capacity of the incoming source water piping as recommended in the Master
Plan. The existing piping would not be able to provide 30 MGD of surface water to the
new Actiflo process. To eliminate the restriction, approximately 9,600 lineal feet (LF) of
36-inch diameter ductile iron main was added which allows the City to keep their
groundwater and surface water sources completely separated until it reaches the plant,
with the surface water going to the balasted sand process prior to softening, with the
groundwater bypassing that step.
4. Chlorine Scrubbing: An emergency chlorine scrubber was added which utilizes a
chemical-impregnated dry media capable of scrubbing a release of chlorine in excess of
one ton used in the disinfection process.
5. Maintenance Building: The recommended addition to facilitate plant maintenance and
administrative requirements, and enhance lime slaking capacity was constructed.
6. Switchgear Improvements: The 2300 volt switchgear was upgraded/replaced to improve
facility reliability.
7. Lime Handling: Lime handling and storage improvements were made, which included
utilizing hose pumps for conveying slaked lime.
8. Gravity Filters: The gravity filtration capacity was expanded by 50%, adding five new
filters to the existing ten filters.
Some potential longer term issues were also addressed in the Master Plan such as process
modifications for enhanced TOC removal and compliance regulatory requirements, a potential
clearwell expansion, incorporation of ultraviolet disinfection as a primary disinfectant to reduce
trihalomethane (THM) production, as well as the expandability of water treatment plant within
constraints of existing site.
Additionally the Master Plan reviewed and addressed potential impacts associated with
obtaining treated water from the Lewis & Clark Regional Water System. The City is a partner in
that project, and has been receiving a portion of the daily production from that system since it
came online in 2012.
In 2004, as a result of uncertain funding for the Lewis & Clark Regional Water System project,
and water supply concerns AE2S completed a Future Water Supply Evaluation for the City. This
report evaluated an alternative supply to the Lewis & Clark Regional Water System (LCRWS).
hdrinc.com
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At the time it was a concern of the City that existing water sources would be unable to meet
demands by the year 2012 when the LCRWS was planned to be available. Ultimately, the City
partnered in the Lewis & Clark Regional Water System and as mentioned above, has been
utilizing water from this source since 2012.
The Lewis & Clark Regional Water System (LCRWS) treated water pipeline was connected to
the City of Sioux Falls system in 2008 via the Treated Water Pipeline - Segment 9. Tea and
Harrisburg were experiencing critical water shortages leading up to the completion of their
service lines in 2008 so City of Sioux Falls was selling water to LCRWS for use by Tea and
Harrisburg until the LCRWS Water Treatment Plant could produce water after its completion in
2012. The City of Sioux Falls has an ultimate capacity of 24 MGD from LCRWS.
In 2015 it was determined that long-term planning should be continued in order to properly plan
and prepare for the City’s future treated water demands. In 2015 HDR completed Phase 1 of
this study, with Phase 2 being completed and documented with this current report. In Phase 1 a
model of the well field was created using Innovyze® InfoWater® software, along with the
development of Raw Water Design Standards to be used as guidelines for future improvements.
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Section 2
Raw Water Demand and Supply Projections
The existing Sioux Falls raw water system consists of 64 wells and a surface water intake
station. This raw water supply is supplemented by finished water from the Lewis and Clark
Regional Water System. Together these three water supplies provide water for the City of Sioux
Falls (City) with a current population around 167,000 (2016). However, in order to continue to
provide treated water service for residents the supply and demand must be planned for and
managed.
The raw water demands, supply and transmission system are summarized in the following
sections.

System Demands
Average Day, Peak Day, and Peaking Factor
The treated water demands on the Sioux Falls Water Treatment Plant (WTP) can be
summarized into two categories: Peak Day, and Average Day, both usually represented in
million gallons per day (MGD). Average day equates to the average demand over the course of
a year while the Peak Day is the highest daily demand of the year. The relationship of Peak Day
to Average Day is referred to as the peaking factor, and is equal to:

For the City, this peaking factor relationship is summarized below in Figure 2-1. The average
peaking factor from 1988 to 2015, rounded the nearest tenth, is 2.0.

Figure 2-1: Peaking Factor Over Time1
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As a result, any extrapolation of data should maintain a peaking factor of around 2.0. This
peaking factor should be re-evaluated and adjusted based on the removal or addition of any
suspected major water users, i.e. Smithfield, Ace Ready Mix, Concrete Materials that could
change the peaking factor over time. These types of large industrial users may alter the Peaking
Factor, and could also cause a significant change in Average Day and Peak Day demand.
The Peaking Factor, Peak Day, and Average Day can also be related to rainfall. According to
the EPA, a national average of 30% of water used is for outdoor use. The City’s 2003 Water
Quality Report estimated that on a typical summer day 50% of the water treated by the City is
used for lawn watering. Figures 2-2 and 2-3 visualize this relationship. It can be seen on both
figures that there is a direct relationship to water use, and rainfall, due to lawn watering.

Figure 2-2: Peaking Factor vs. Rainfall1

Reviewing this relationship, it can be deduced that the Average Day is much less affected by
rainfall, but the Peak Day is directly related to it.
Water Use per Person
Another item when considering system demands is the average water use per person per day,
or gallons per capita per day (gpcd). This information helps summarize the expected growth of
Average Day and Peak Day over time with respect to population growth, and the expected per
person use. Figure 2-3 demonstrates that the Average Day use has remained similar since
around the year 2000, which would mean that per person daily water use must be going down,
as the population grows. This decline in gpcd use is shown in Figure 2-4.
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Figure 2-3: Daily Demands vs. Rainfall1

Figure 2-4: Per Person Water Use Over Time1

Projected Water Use
With this historical water use data as a basis, projections were made to determine future
demands on the City’s water supply. A population projection based on the work done in the
2016 Wastewater Treatment and Collection System Master Plan by HDR was used in projecting
out future demands. Further detail on the methods used to determine future population
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estimates can be found in Chapter 2: Population and Land Use Planning, of the previously
mentioned study. A base year of 2015 was used, with future projections at years: 2021, 2026,
2031, 2036, 2040, and 2066. The resulting population projections are presented in Figure 2-5.

Projected Population of Sioux Falls
400,000
350,000
339,791

Population

300,000
250,000
250,729
237,247

200,000

220,395
203,542
186,690

150,000

166,467

100,000
50,000
0
2010

2020

2030

2040

2050

2060

2070

Year

Figure 2-5: Projected Population of Sioux Falls2

A base year of 2015 was used for estimating Peak Day and Average Day water demand. Peak
Day and Average Day gpcd values were estimated using the average of each data set from
2010-2015.

Year
2011
2012
2013
2014
2015

Sioux Falls Raw Water Pumping
Daily –
Daily –
Annual
Average
Peak
Rainfall
(MGD)
(MGD) Population
(inches)
20.68
39.30
156,300
24.28
23.12
47.37
158,800
17.34
20.51
42.42
162,300
25.79
18.77
36.41
166,700
29.27
19.76
34.44
169,800
32.94

Table 2-1: Sioux Falls Raw Water Pumping1

Both the Average Day and Peak Day demands have declined since 2011, with the exception of
2012 which was a drought year. This recent downturn makes projecting out water use difficult,
because at some point a minima will be reached. Further complicating matters, the population
projections used in this report by the City for the year 2015 and used by HDR in Figure 2-5 are
not equal. The population projections used in this report are equal to those developed in part for
the 2016 Wastewater Treatment and Collection System Master Plan, conducted by HDR. For
details on the methodology of the population project please refer to Chapter 2, of that report.The
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City-estimated population for 2015, 169,800, is higher than the 166,467 used in this report. This
may result in a low gpcd estimation if population numbers from the City, as shown in Table 2-1,
are used. Therefore Average Day and Peak Day demands were determined by taking the
average Peak Day from 2011-2015, the average Average Day from 2011-2015 and relating
them to an estimated population of 166,467. An average Average Day gpcd was determined to
be 124, while an average Peak Day gpcd was determined to be 240, resulting in a peaking
factor of 1.95, within 2.5% of the 2.0 average peaking factor from 1988-2015. This slight dip in
peaking factor can be attributed to a number of smaller factors, including the averaging process
over a shorter timeframe and more recent water conservation efforts in use by the City.
Combining the population projections, with an expected per capita use for Average Day (124
gpcd) and Peak Day (240 gpcd) scenarios, an estimate can be made of the expected
demand/year, which is summarized in Figure 2-6. Also included in Figure 2-6 are a Peak Day
with watering restrictions and Peak Day with watering ban. Per capita use is summarized in
Table 2-2.The Peak Day with watering restrictions (180 gpcd) assumes 50% of the total water
used is for lawn watering, and reduces the water used for lawn watering by 50%.The Peak Day
with Watering Ban (124 gpcd), assumes 50% of the total water used is for lawn watering, and
that a ban is in effect, reducing water used for lawn watering by 100%. As discussed above,
assuming that 50% of water used on the Peak Day is used for lawn watering, and with a
peaking factor around 2, it makes sense that a watering ban would reduce the peak day (240
gpcd) to the average day (124 gpcd).

Per Capita Water Use
300
250
200
150
100
50
0
Watering Ban

Watering Restrictions
Average Day

Normal Use

Peak Day

Figure 2-6: Per Capita Water Use
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Water Demand and Population Over Time
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Figure 2-7: Water Demand and Population over Time

This demand data can be used in conjunction with supply data, to determine approximately
when water supply and demand issues may be faced by the City. Furthermore this gives time
for the identification, understanding, and possible solution of these issues to be determined
within the City’s planning cycles.

System Supply
The City has three main sources of water:
1. Lewis and Clark Regional Water Supply
2. City of Sioux Fall’s Well Field
3. City of Sioux Fall’s Surface Water Intakes
The Lewis and Clark water enters the Sioux Falls distribution system as finished water, while
both Sioux Fall’s sources must first be treated at the WTP, before being delivered to the
distribution system.
The Sioux Falls sources, wellfield and surface water intakes, are limited by the WTP capacity of
75 MGD2. The available supply from the wellfield is related to a number of factors including:
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6300 S. Old Village Place, Suite 100, Sioux Falls, SD 57108-2102
(605) 977-7740
9

City of Sioux Falls | Raw Water Transmission Improvements
Raw Water Demand and Supply Projections

pump, and well condition, condition of the aquifer, contamination issues, and surface water
conditions, available water rights, etc. With all these variables, and more, the actual supply
available to the Sioux Falls WTP can be quite variable.
Based on the volatility of water supply, five scenarios are considered in this report. These five
scenarios are based in part from efforts of previous studies, including the Future Water Supply
Evaluation, 2004 by AE2S, and the WTP Master Plan Update, July 2001 by HDR.
1. Ideal Conditions: Maximum Water Rights are used for all sources, and the surface
water supply is limited to a firm capacity of 30 MGD.
2. Normal Conditions: The region is experiencing a normal amount of precipitation
(around 26 inches/year1). Groundwater is limited by safe yield, and Lewis and Clark
water rights are set at current day, as opposed to future allocation.
3. Average Dry Conditions: The region is experiencing below average rainfall. No special
steps toward water conservation/preservation have begun.
4. Drought Conditions: The region is experiencing a drought, as defined in the Future
Water Supply Evaluation 2004, AE2S, a time with little to no precipitation for a period up
to 271 days. The Big Sioux River is assumed to have flows too low to operate the
surface water intake. It is assumed that spring flows will recharge the aquifers,
maintaining the ability to pump the safe yield of the wells.
5. Extended Drought Conditions: The region is experiencing an extended drought, as
defined in the Future Water Supply Evaluation 2004, AE2S, a time with little to no
precipitation for a period greater than 271 days. The Big Sioux River is assumed to have
flows too low to operate the surface water intake, and groundwater use is reduced by
50%, in an effort to extend the depletion of the aquifers.

Well safe yield was calculated from the South Dakota Water Well Completion Reports on record
with the South Dakota Department of Environment and Natural Resources. The Water Well
Completion Reports provide well water elevation, pumping rate, and pumped water elevation for
each well when originally constructed. Safe yield is calculated as the pumping flow rate divided
by the drawdown (static water elevation minus the pumped water elevation). Over time, the well
safe yield will change depending on surrounding geology, groundwater quality, well construction
methods, screen and gravel pack material and size, and well rehabilitation frequency and
success. The date presented as Safe Yield is as originally constructed and may not be
reflective of current well condition.
eq. 2-1

A summary of the water right and original safe yield of each well is presented in Table 2-3.
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Water Source
Ground Water
Surface Water
Lewis and Clark
TOTAL
Year exceed Average
Day Demand
Year Exceed Peak
Day Demand

Sustainable Peak Day Water Supply Yield (MGD)
Ideal
Conditions
Including
Extended
Future
Normal
Average Dry
Drought
Drought
Rights
Conditions
Conditions
Conditions Conditions
77(1)

59(2)

59(2)

59(2)

29(3)

30(4)

30(4)

30(4)

0

0

24(5)

17(6)

17(6)

17(6)

17(6)

131

106

106

76

46

2278

2218

2218

2,147

2076

2127

2096

2096

2090(7)

2076(8)

(1) Maximum Water Right
(2) Based on calculated safe yield
(3) Groundwater sources reduced by 50% as in the Report, Future Water Supply Evaluation, 2004, AE2S)
(4) Firm Capacity of Big Sioux Pump Station, per WTP Master Plan Update, 2001, HDR
(5) Future Lewis and Clark Water Right
(6) Current Lewis and Clark Water Right
(7) 25% Demand Reduction achieved through watering restrictions
(8) 50% Demand Reduction achieved through watering restrictions

Table 2-2: Sustainable Peak Day Water Supply Yield
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Well
3
4
10
11
12
13
14
15
17
18
20
21
23
24
25
26
27
28
29
30
31
32
33
34
36
37
38
39
42
43
44
46
47
48
49
50
51
52
53
54
55
56
57
58
60
61
62
63
64
65
69
70
71
101
102
103
104
105
106
107
109
110
111
112
113
114

Water Right
498.20
1198.38
596.95
596.95
596.95
695.69
695.69
695.69
695.69
695.69
798.92
749.55
646.32
749.55
897.66
798.92
798.92
798.92
2051.16
1440.75
2051.16
2051.16
1400.35
704.66
1391.38
1391.38
1391.38
1391.38
448.83
448.83
448.83
1799.81
1669.65
435.36
559.74
435.36
430.17
383.53
457.61
386.24
335.86
327.46
386.24
575.16
0.00
0.00
2008.97
669.66
653.32
685.99
1943.44
996.41
2082.58
445.90
427.77
387.89
435.02
461.55
469.17
415.77
673.25
673.25
483.52
476.98
774.64
724.46
Safe Yield
Water Right
Difference

Water Right vs. Safe Yield
Safe Yield
0
6219.8968
0
0
1249.2964
0
2391.4728
3540.8328
2564.1336
2019.177
2256.417
2923.446
3681.7095
1408.1571
2032.3257
1725.0354
0
4899.5224
3471.9032
0
0
6130.8724
4921.4016
648.5544
2426.7152
2209.3776
2768.304
5197.314
451.704
50.1787
95.8944
2247.882
1078.402
525.1443
691.7028
338.6709
372.0276
222.6378
435.8976
364.705
441.6135
248.248
422.3206
1960
0
0
8636.043
1064.9
0
0
1827.925
0
6068.21
791.224
396.032
2035.8
410.22
228.2
806.538
264.153
0
629.76
246.74
398.49
1502.8
403
41,126 gpm
53,888 gpm
12,762 gpm

Constrained by Safe Yield?
N/A
NO
N/A
N/A
NO
N/A
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
N/A
NO
NO
N/A
N/A
NO
NO
YES
NO
NO
NO
NO
NO
YES
YES
NO
YES
NO
NO
YES
YES
YES
YES
YES
NO
YES
NO
NO
N/A
N/A
NO
NO
N/A
N/A
YES
N/A
NO
NO
YES
NO
YES
YES
NO
YES
N/A
YES
YES
YES
NO
YES
59.22 MGD
77.60 MGD
18.38 MGD

Table 2-3: Water Right vs. Safe Yield
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Figure 2-8 contrasts the Supply scenarios found in Table 2-2, and the projected demand
scenarios from Figure 2-7.

Water Supply and Demand with Population Over Time
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Figure 2-8: Water Supply and Demand with Population Over Time
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A tabular version of Figure 2-8 is also presented in Table 2-4, summarizing when supply and
demand are expected to converge.

Water Supply and Demand Convergence Years

Demand Scenarios

Water Supply Scenarios
Maximum
Water
Right

Normal
Conditions

Average Dry
Conditions

Drought
Conditions

Extended
Drought
Conditions

Average Day /
Peak Day with
Watering Ban

2278

2218

2218

2147

2076

Peak Day with
Water
Restrictions

2180

2139

2139

2090

2041

Peak Day

2127

2096

2096

2059

2023

Table 2-4: Water Supply and Demand Convergence Years

As seen above, through proper management, the existing water sources are adequate for the
next 50 years under most conditions. However, despite the supply availability, the raw well
water transmission capacity is a limiting factor. Based on data from 2011, referenced in the
City’s Water Division 2015 Annual Report, the daily maximum available from the well field is
around 40 MGD.
With varied water sources, cost of treatment, and transmission. Cost data used in tandem with
an in depth knowledge of water supply and demand, will act as a strong base for future
improvements, and recommended operating schemes.
Based on projected supply and demand two key flows were determined for the deliverance of
groundwater through the well field:
1. 45 MGD – Will supply average day demand until approximately year 2076
2. 60 MGD – Will supply safe yield of the well field
The 45 MGD scenario was considered in order to supply average day by the well field only, for
the next 50 years, should anything happen to the other sources. 60 MGD was considered in
planning to supply the safe yield of the well field. In terms of demand, in conjunction with Lewis
and Clark 45 MGD from the well field is expected to satisfy Peak Day demand until year 2060,
and 60 MGD from the well field is expected to satisfy Peak Day demand until year 2090.
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System Transmission
The City’s existing transmission system is summarized in the following sections.
Summary
The City’s existing Well Field includes 66 wells providing raw water to the Sioux Falls WTP.
Figure 2-9 contains a summary of the existing system including well age, pipe type, and aquifer
location. The well field includes water supply from two different aquifers, the Middle Skunk
Creek Aquifer and the Big Sioux Aquifer, and three different well regions. The Middle Skunk
Creek Aquifer is accessed by the wells in the northwest arm of the system, while the Big Sioux
Aquifer is accessed by wells within the airport and by the mains extending north from the plant.
For a map of aquifers and well regions, refer to Figure 2-9.
The construction of wells in the existing Well Field span from the early 1900’s, up to the most
recent updates to the transmission system within the airport region in 2011. The transmission
system conveys raw water from 66 wells through approximately 50.9 miles of piping to the WTP.
Pipe materials include cast iron, ductile iron, concrete lined ductile iron, and PVC. These pipe
materials have unique roughness values, some varying by age, and other unique properties
such as surge pressure allowance. Ultimately, these varying factors culminate to represent the
condition of the system.
Condition
As of this study the condition of the overall system is relatively unknown. Well age has been well
documented, but pipe age has not, nor the age of individual fittings or appurtenances within the
system. Although age can generally be considered an indicator of condition, the two are not
mutually exclusive, and other conditions such as break history, high pressure areas, presence
of corrosive soils, and lack of corrosion protection may be more indicative of system condition.
An in-depth analysis of the system condition is recommended including collecting pipe age and
break data, in order to update the City’s Geographic Information System (GIS) records, and
better accommodate future planning, and engineering projects. A more detailed explanation of
this analysis can be found in Section 5: Recommendations, of this report. For current planning
purposes, and to identify high risk pipe, remaining useful life of the pipes, and wells were
assessed based on material and age. The pipe age across the system is estimated based on
the nearby well ages.
ANTICIPATED SERVICE LIFE

In the US, life expectancies of water mains typically range anywhere from 50 years to 100
years. This broad range is due to a variability of installed conditions, system operations, and
pipe manufacturing and materials. As a result, pipe age by itself is a poor predictor of pipe
condition. In addition, the “failure” of a pipe is not a definitive event. A water pipe can be made
to last indefinitely, as long as a utility is willing to repair it. Different utilities choose to manage
their systems differently, and as a result, have different life spans for their pipes.
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FIGURE 2-9
Existing Sioux Falls Wellfield and Raw Water Transmission Mains
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A useful general indicator of when and how much pipe needs to be replaced in a given year or
over a given time period is anticipated service life. Values for anticipated service life can be
used from book values based on industry-wide research or generated using system-specific
data. Due to the lack of system-specific data available for the raw water transmission system,
industry-wide values will be considered in this evaluation. Condition assessment of the older
pipes or those with the most breaks should be conducted to target specific pipes for
replacement over time. For this study, the anticipated service life is used to estimate remaining
useful life to aid in general which pipes may need to be assessed further for renewal
considerations. This information is also compared to the pipes selected for replacement and
upsizing for hydraulic needs.
Book values for anticipated service life by pipe materials are provided in Table 2-4. These book
values are typically under ideal soil and installation conditions, so pipe life can generally vary
quite a bit within unique systems. Although these values range widely depending on installation
and operational conditions, the general average service life should be representative between
material types.
In many utilities, certain materials can deteriorate faster than others based on soil and other
environment condition. Conducting deterioration analysis by asset class (material and age) can
be more effective in predicting useful life for the specific utility’s pipes if adequate main break
data is available.

Pipe Material
Cast Iron
(Thin-walled)

Abbreviation

Manufacturer’s
Service Life
(years)

Anticipated
Service Life
(years)

CIP

50-100

75

Protected Ductile Iron

PDIP

75-125

100

High Density
Polyethylene

HDPE

50-100

75

Polyvinyl Chloride

PVC

50-150

100

Steel

STL

50-100

70

Unknown
UNK
50-150
75
Sources: Buried No Longer (AWWA, 2013); Risk Assessment Model for Pipe
Rehabilitation and Replacement in a Water Distribution System (Devera, 2013)

Table 2-4: Pipe Materials and Anticipated Service Life

REMAINING USEFUL LIFE

The useful life of a water main represents the median number of years the water main is
expected to remain in service from installation to replacement. Useful life estimates are meant
for planning purposes only and are targeted at a wider system level. The life of a particular pipe
is highly dependent on the quality of construction, the quality of the manufacturing, the pipe’s
unique environment, and other pipe specific characteristics, all of which are eventually reflected
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in its break history or discernible through various direct assessment techniques. Individual pipes
should be evaluated using failure risk scores, and supporting information.
By subtracting the pipe’s current age or age from the anticipated service life, the remaining life
of all pipes within the distribution system can be generated. Since the actual age of the pipes is
not reported in the City’s GIS, the ages were estimated based on the age of nearby wells and
the manufacturing period of the pipe material. The remaining life of pipes can be presented in a
number of ways to calculate and visualize system-wide re-investment needs in the distribution
system. Figure 2-10 depicts the remaining useful life of active pipes across the City’s raw water
transmission system based on anticipated service life values presented by pipe material in
Table 2-4.
Pipes with remaining useful life of zero should be considered for direct assessment and further
consideration for renewal. If hydraulic upsizes are needed in the future, specific pipes with
remaining useful life of zero could be evaluated further for upsizing rather than renewal or inkind replacement.
Control Valves
There are a number of control valves that also affect system operation. Firstly there is a
pressure sustaining valve (PSV), as the Middle Skunk Creek transmission main enters into the
rest of the system. This valve ensures that adequate pressure is maintained in the line upstream
to inhibit the potential for a vacuum effect due to the changes in vertical grade throughout the
east-west portion of the transmission main. However, the PSV induces additional head upon the
Middle Skunk Creek wells, limiting their effectiveness and increasing pumping costs. Despite
the added inefficiency, the valve is necessary for system operation.
There are also control valves at each well discharge, which are currently used in a similar
fashion as a PSV. Many of these valves are partially closed in order to induce a higher head, on
the well pump. The reason for this is to reduce the pumping of the well, so that the well doesn’t
rapidly drawdown the aquifer level or run dry during normal pumping operations. However, this
limits the effectiveness of the wells and increases the pumping cost by inducing a higher head
than is necessary to pump into the system. The operation of these discharge pressure control
valves also makes model calibration very difficult, as the exact valve position is unknown, and
therefore unable to be adequately accounted for in the model without upstream and
downstream pressure readings, which were not available for this model calibration effort.
Recommendations to gain a better understanding of how these valves affect the system, are
detailed in Sections 3 and 5 of this report.
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Section 3
Model Development and Validation
The hydraulic model from the Phase 1 efforts, completed in 2015, was refined to provide an
assessment of the raw water transmission system under key flow operations. The purpose of
the raw water transmission hydraulic model is to provide a useful planning tool for the City of
Sioux Falls (City) and to provide a decision support system for future design considerations and
decisions. Model validation was attempted using City-collected data. Due to the City’s current
operating practices and limited pressure data collection related to the well discharge throttle
valves, model calibration was unable to be completely achieved. As a result, model
development and validation was conducted using best available data. The following is the
documentation of the model creation and edits to date.

2015 Raw Water Model Development Report Summary
In 2015 the two models were developed for the City, as part of Phase 1 of this project. The
Model Development scope included creating a working model to allow for the future Phase 2 Raw Water Transmission Improvements planning to proceed. Model development under the
Phase 1 efforts included:
•

Obtain and review City of Sioux Falls Raw Water Transmission Main Geographic
Information System (GIS) data
•
Update the GIS information available, based on information provided by City staff
and create a working hydraulic model using Innovyze® InfoWater® modeling
software
To demonstrate that the model is a working representation of the North Well Field raw water
transmission system, two scenarios were created:
•
Scenario 1 – Constant Head Conditions
•
Scenario 2 – Constant Flow Conditions
In order to create a running model, the geographically referenced pipes, valves, wells, and
junctions were edited to create a connected model to allow modeling of ground water
transmission. In order to accomplish this, items were added, deleted, or moved to eliminate
orphan pipes and appurtenances. A full list of these changes and assumptions are included in
the original Phase 1 report, attached to this report as Appendix A – Raw Water Model
Development Report.
Constant Head Scenario
The constant head model was created to simulate the operating conditions where every well
pump is operating at their design pump curve efficiency point. City staff provided available pump
curves to the HDR team. When pump curves were insufficient or not available, operating head
conditions presented in Memorandum No. 3, Final Capacity Upgrade, prepared by HDR for the
City in 2001, were used.
The intent of this model was to restrict each well’s maximum flow rate to the water right
assigned to the well. However, there are several instances where a single water right is
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assigned to a cluster of wells. To distribute the maximum water right among the individual wells
within the cluster, an intermediate model run was used to determine how the pipeline may
impact the flows from each well. This intermediate model scenario was run with no flow
restrictions and allowed individual wells to operate beyond their assigned water right. The
percentage of flow for each well from the intermediate model scenario within a cluster was used
to distribute the allowable flow among the wells, totaling the allowable water right.
Constant Flow Scenario
The Constant Flow scenario was created to simulate how the system operates when all wells
are operating at their maximum water right allocation. Where a single water right is assigned to
a cluster of wells, the percentage flow distribution between the wells remained the same as
used in the Constant Head scenario.
Phase 2 Recommended Work
It was determined as part of the Phase 1 – Raw Water Model Development Report, that further
data was required to in order for the model to be improved upon, and a long-range capital
improvements plan developed.

Well Testing
In an effort to calibrate the model to field data, field testing was conducted by City staff. Pump
testing occurred at 38 wells and included collecting the following data:
1. % Output of Well
2. Flow
3. Discharge Pressure
4. Well Water Level
It was the intent that the collected data above would be enough to give accurate pump curves to
be used in an updated model. Additionally, data was also collected for different operational
schemes so that model calibration could occur over of a range of flows. Three different
operation scheme data sets were prepared by City staff:
1. Calibration Set 1 (8/10/2016) : 33 Wells Operating
a. Flow
b. Discharge Pressure (not available for 3 wells)
c. Well Water Level
2. Calibration Set 2 (10/28/2016) : 5 Wells Operating
a. Flow
b. System Pressure (provided for 26 wells, including the 5 operating wells)
c. Discharge Pressure
d. Well Water Level (provided for 31 wells, including the 5 operating wells)
3. Calibration Set 3 (11/30/2016) : 9 Wells Operating
a. Flow
b. System Pressure (provided for 22 wells, including the 9 operating wells)
c. Discharge Pressure (provided for 7/9 operational, 1 additional)
d. Well Water Level (provided for 29 wells, including the 9 operating wells)
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During the analysis of the received data it was discovered that the pump curves created from
the field data often varied if the pump was tested more than once, were often very flat, and
some seemed to defy the traditional pump curve shape, as seen in Figure 3-1.
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Figure 3-1: Well 25 Pump Test Results

Other pumps although of a more traditional shape, did not coincide with the curve provided by
the pump manufacturer, and were beyond the expected differences attributed to impeller and
motor wear or system head conditions, as seen in Figures 3-2 and 3-3.
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Figure 3-2: Well 47 Pump Test Results
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Figure 3-3: Well 47 Manufacturer’s Pump Curve

As can be seen in comparing Figures 3-2 and 3-3, the pump is operating above the shutoff head
of 60 ft. Because of discrepancies like this, the model was not able to be calibrated using the
collected pump curves. Details on the update and iterations of models and comparison to field
data used in this phase of the project are detailed in the following section, Model Updates and
Validation.

Model Updates and Validation
The models from Phase 1 were both evaluated as to which would be a more suitable base, for
the proposed changes. Initially it was planned that all of the well locations would be modeled
with pump curves obtained from field work conducted by City staff. Because of this assumption,
the constant head model run, which had reservoirs already built in was used as the base model
to improve with Phase 2 efforts. The Phase 2 update and validation efforts used the hydraulic
modeling software developed by Innovyze, InfoWater Version 12.2 Update 1.
From this model, pumps were added at each well location at the elevation of the pump pad, and
the reservoir elevation was adjusted based on an average depth during the pump tests.
Additionally the pipe adjoining the reservoir to the pump was edited to proper length and size of
the drawdown pipe of the well. From this point pump curves were then assigned to each well,
based on best available data, either observed during the pump tests, or from received records
such as shown in Figure 3-3. It was found that using the pump curves created higher flows than
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the water right. This was due to the generally flat nature of the pump curves, where the
operating head was fairly constant, but the flow was more variable. As a result, the model was
generating falsely high flows in order to stay on the curve.
This outcome is most likely do to the method of data collection. In order to properly input the
pump curve, a range of values must be observed, preferably including the shutoff head of the
pump. What most likely happened during testing was that due to the artificial discharge pressure
caused by the throttled valve to avoid rapid drawdown of the well’s water level, the observed
points were on the back half of the curve, as opposed to more evenly distributed. This is
illustrated in Figure 3-4. In addition, the absence of pressure data from both sides of the
discharge throttled control valve, it was unable to be determined how much head was being lost
across the valve and what head the pump was actually operating against. If pump tests are
conducted in the future, they should be tested by discharging to atmosphere, by isolating the
well from the system, fully opening the throttled discharge valve and opening a nearby hydrant
or blowoff. If that method is not possible, then monitoring the upstream and downstream
pressures of the throttled discharge valve while using the valve to induce a wide range of flows
across the pump’s intended operating range is recommended to provide the data necessary to
estimate a more accurate pump curve. Testing using either of these methods, a more
representative pump curve will be able to be created, as opposed to one that is heavily skewed
by the higher discharge pressures caused by the throttled discharge control valve and
downstream system head conditions.
In an effort to still utilize the data collected, but limit flow to the plant, flow control valves (FCV)
were added to the model, and capped at the water right of the well, in an effort to curb the high
flow results. Unfortunately, capping the flows in this method still resulted in much higher than
observed flows, when the calibration sets were analyzed. As a result, modeling using pump
curves and reservoirs is generally not recommended until better data is available, or planned to
be collected. More information on the recommended course of action for future pump testing
can be found within the Recommended Next Steps portion of this section.
Without field data created pump curves, it was determined that validation should be attempted
by modeling the calibration data sets using a constant flow and comparing the observed
pressures to the pressures created in the model.
The model was then augmented, to distribute constant flow mimicking calibration data sets 2
and 3. Calibration set 1 was unable to be used due to unknown system pressure associated
with the data set. It is necessary to know both discharge and system pressure for each well
because of the City’s practice of throttling valves at the well, so that the well does not run dry
over the operation period.
An analysis of the calibration data from data sets 2 and 3 is shown in Tables 3-1 and 3-2,
respectively.
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Figure 3-4: Pump Curve Data Collection

Recommended Next Steps
From the modeling efforts during the Phase 2 work, the following sections summarize
recommended next steps for additional data collection and modeling to further improve the raw
water transmission hydraulic model to better represent the City’s well field performance and
operations.
Additional Data Collection
The next step in further model refinement is the inclusion of accurately modeled wells. In order
to accomplish this, accurate pump curves must be generated. This could happen in a number of
ways with two suggestions being:
1. Pump Testing – Discharge the wells to atmosphere (or over a wider range of flows from
shutoff head to maximum flow while monitoring discharge and system pressures on both
sides of the discharge throttle valve, as well as well water level)
2. SCADA Data Collection - Obtain pump data over time utilizing SCADA records
In conjunction with this, the position of the various valves in the system including the Skunk
Creek PSV must also be known in order for accurate model calibration to occur. It is
recommended that a system be developed to track the valve positions throughout the system
(open, closed, percent throttled). This information in conjunction with the updated pump curves
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using Method 1 or 2 above will provide for a more accurate model of the system, allowing
decisions to be made with increased confidence.
PUMP TESTING

Conducing periodic step tests for each well allows for developing pump curves over the well
pump’s flow range that can be used to update the hydraulic model for future use. The added
benefit for the step test is to evaluate the specific yield of the individual well. Changes in the
pump curve or well specific yield will provide information to O&M staff that pump
repair/replacement or well rehabilitation is needed required.
SCADA DATA COLLECTION

SCADA data collection would consist of a continual data collection over time. The idea being
that as different operational schemes are used through the year and pumps are shut on and off,
that the varying points among them would be enough to establish accurate pump curves. To
establish the pump curves, the well’s flow, water level, discharge pressure (upstream of throttle
valve) and system pressure (downstream of the throttle valve) would need to be recorded every
5 to 15 minutes. To apply appropriately to the modeling, accurate elevations of the pump bowl,
well water level, discharge and system pressure gauges, and throttle valve would be necessary.
This method of data collection would require less field time, but would require more time for a
range of flows to be operated, to determine a pump curve from the collected SCADA dataset.
ADDITIONAL MODELING

Additional modeling is also recommended in conjunction with additional data collection. The
model architecture should be updated to model the pumps based on the field observed pump
curves, and the model updated on a project/yearly basis to include changes to pipes/pumps.
This model is a valuable tool for evaluation of the system, however, the input files contain a
large number of variables, some of which are dynamic in nature such as pump status, and valve
settings, as well as environmental conditions, e.g. wet year vs. dry year. The system is
operationally complex, and therefore the model has conditions which can change over time,
including a wide range of flow and operating conditions. The City should work with this model on
an ongoing basis to better understand its capabilities and, over time, improve the calibration and
its accuracy for predicting the performance of the transmission system under various flow
conditions. Examples of the benefits of the model include:








Tool to decide which wells should be operated at high flows based on total dynamic
head performance and pumping costs
Track valve position (open, closed, throttled) under a range of flow and operational
conditions
Locate and size future improvements (new pumps, new pipes)
Track system changes/condition (pumps, pipe, valves, etc.)
Evaluate the possibility of closing selected system valves to throttle wells rather than
throttling individual wells at the pump to achieve more efficient pump energy use
Future inclusion of hydrogeological data, to give further understanding of how the well
locations interact, and corresponding effects on the aquifer levels and well drawdown
rates
Develop system to track pump curve changes. The operating curve for the actual
performance of each pump should be tested at least once every five years, more often
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for older pumps. This is the key to understanding the performance of individual wells to
inform rehabilitation or replacement of the pumps or wells
Defensible basis for future improvement projects
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Section 4
Model Evaluation
In order to properly evaluate the refined hydraulic model a set of evaluation criteria were
developed. The evaluation criteria were developed partially in phase 1 of this project, and are
further expanded upon in this section. Based on this criteria, multiple scenarios were run using
both InfoWater® and Optimizer®.
InfoWater® by Innovyze (Version 12.2 Update 1) is an industry-standard, commercially
available hydraulic modeling software. This software is essentially an ArcGIS plugin, for
EPANET, which is free government sponsored software. Model scenarios can be exported from
InfoWater® to EPANET for analysis if a potential user of the model does not have the
InfoWater® software.
Optimizer WDS by Optimatics® (Version 4.4.5) was used to evaluate the major improvement
scenarios to select and size efficient combinations of pipe improvements and track the
corresponding total dynamic head conditions at each of the well locations. Optimizer is an
advanced software package that mathematically evaluates thousands of alternatives to develop
least cost/best ROI infrastructure investment plans and/or operating strategies for master and
CIP planning for water systems.
Optimizer was applied during this study to evaluate the cost of sizing infrastructure
improvements related to Sioux Falls raw water transmission system. Pipe improvement costs
along with well construction and treatment costs were considered while accounting for hydraulic
performance of the system using developed standards.

Evaluation Criteria
In accordance with the Raw Water Transmission Main Design Standard Report (HDR, 2015),
attached to this report in Appendix A, the transmission system model scenarios are evaluated
both on headloss and velocity. Headloss is a direct indicator of the capacity and efficiency of the
system. The higher the headloss, the less efficient the transmission of the water is to the water
treatment plant (WTP). Whenever the headloss is very high within portions of the system, the
upstream well pumps will not be able to provide their intended flow rates and decreases the
wellfield capacity. Velocity was also evaluated as an indicator of general performance of the
transmission system. Since all the modeling analysis are steady-state, the calculated
headlosses and velocities illustrate limited production and delivery to the water purification plant.

Improvement Alternatives
Improvement alternatives were developed in using InfoWater® and Optimizer® software. The
models were initially developed and validated with available data provided by City staff in
InfoWater®.
Initial improvements were identified to screen the potential scenarios using InfoWater® in
preparation of developing more focused optimization scenarios for Optimizer. Improvements for
consideration in the analysis include:
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1.
2.
3.
4.
5.
6.

Replacement and relocation of existing 24-inch Airport Main
Improvement of plant headers from the wellfield
Improvement of West 60th Street North junction segments
Replacement of aging E-W airport mains
Relocation of Airport Wells to northeast portion of the system
Installation of new main related to the relocation of the Airport Wells

These improvements were applied individually, in tandem, or some combination in creating the
following model scenarios. The initial 8 scenarios were developed focusing on supplying either
the maximum water right and or total production accounting for individual well safe yield:
1.
2.
3.
4.
5.
6.
7.
8.

Maximum Water Right: 76.6 MGD
Maximum Water Right without Airport: 55.1 MGD
Ditch Road and Middle Skunk Creek Wells: 45 MGD
Closed Middle Skunk Creek Wells without Airport: 45.3 MGD
Middle Skunk Creek Wells without Airport: 9.9 MGD
Maximum Water Right with Airport Flow to northern Big Sioux Aquifer: 76.6 MGD
Maximum Safe Yield: 59.2 MGD
Maximum Safe Yield with Airport flow to northern Big Sioux Aquifer: 65.8 MGD

Each model scenario in 1-8 consisted of two subsets of improvements:
A. Improvements from WTP to West 60th Street North
B. Improvements from WTP to West 60th Street North to Middle Skunk Creek Junction
Developed from these initial scenarios, and based on the near and mid-term needed supply
calculations found in Section 2 of this report, various combinations of improvements and flow
scenarios of 45 MGD and 60 MGD were modeled:
9. Big Sioux Aquifer Wells Only: 45 MGD
10. Big Sioux Aquifer and Airport Wells: 60 MGD
11. Big Sioux Aquifer Wells with Relocated Airport Wells: 60 MGD
Scenarios 9 through 11 only required water main improvements to replace the relocated 24-inch
water main from the water plant to West 60th Street North.
The following summarizes the model scenarios developed using Infowater®. Figure 4-1
illustrates the general location of the various scenarios. A tabular summary of the model
outputs can be found in Appendix E: Model Output Tables.
Scenario 1: Maximum Water Right
This Scenario models the maximum water right in the system that is currently assigned to each
well. The total flow from the system is 53,888 gpm (77.6 MGD).
IMPROVEMENT SET A: MAIN UPSIZED TO 60-INCH FROM PLANT TO WEST 60TH STREET NORTH

These flows were routed through an improved transmission system, which was edited by
upsizing the western main from the plant to West 60th Street North from 24-inch to 60-inch.
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The head required to pump this flow is only available on 25 of 64 active wells. Insufficient
available pump head is particularly relevant at the PACK-5, PACK-6, and Middle Skunk Creek
Wells.
IMPROVEMENT SET B: MAIN UPSIZED TO 60-INCH FROM PLANT TO WEST 60TH STREET NORTH, AND 36INCH MAIN UPSIZED TO 54-INCH FROM WEST 60TH STREET NORTH TO MIDDLE SKUNK CREEK JUNCTION

These flows were routed through an improved transmission system, which was edited by
upsizing the western main from the plant to West 60th Street North from 24-inch to 60-inch, and
upsizing the 36-inch main to 54-inch from West 60th Street North to the Middle Skunk Creek
junction.
The head required to pump this flow is only available on 53 of 64 active wells. Insufficient
available pump head is particularly relevant at Wells 64 and 65 in the airport wellfield, and the
Middle Skunk Creek Wells 112-114.
Scenario 2: Maximum Water Right without Airport
This scenario the maximum water right in the system minus any flow contributed from the
Airport Wellfield. The total from the system is 38,285 gpm (55.1 MGD) at the plant.
IMPROVEMENT SET A: MAIN UPSIZED TO 60-INCH FROM PLANT TO WEST 60TH STREET NORTH

These flows were routed through an improved transmission system, which was edited by
upsizing the western main from the plant to West 60th Street North from 24-inch to 60-inch. The
head required to pump the water rights is only available on 16 of 44 active wells. Insufficient
available pump head is particularly relevant at the PACK-5, PACK-6, and Middle Skunk Creek
wells.
IMPROVEMENT SET B: MAIN UPSIZED TO 60-INCH FROM PLANT TO WEST 60TH STREET NORTH, AND 36INCH MAIN UPSIZED TO 54-INCH FROM WEST 60TH STREET NORTH TO MIDDLE SKUNK CREEK JUNCTION

These flows were routed through an improved transmission system, which was edited by
upsizing the western main from the plant to West 60th Street North from 24-inch to 60-inch, and
upsizing the 36-inch main to 54-inch from West 60th Street North to the Middle Skunk Creek
Junction. The head required to pump this flow is available on 40 of 44 active wells.
Scenario 3: Ditch Road and Middle Skunk Creek Wells
Scenario 3 includes the maximum water right in the system minus any flow contributed from the
Airport Wellfield, and wells 55-58, 69, 70, 71. The total flow from the system is 31,251 gpm (45
MGD).
IMPROVEMENT SET A: MAIN UPSIZED TO 60-INCH FROM PLANT TO WEST 60TH STREET NORTH

The flow was routed through an improved transmission system, which was edited by upsizing
the western main from the plant to West 60th Street North from 24-inch to 60-inch.
The head required to pump this flow is available on 29 of 36 active wells. Insufficient available is
particularly relevant in the northern Middle Skunk Creek region (wells 112-114).
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IMPROVEMENT SET B: MAIN UPSIZED TO 60-INCH FROM PLANT TO WEST 60TH STREET NORTH, AND 36INCH MAIN UPSIZED TO 54-INCH FROM WEST 60TH STREET NORTH TO MIDDLE SKUNK CREEK JUNCTION

The flow was routed through an improved transmission system, which was edited by upsizing
the western main from the plant to West 60th Street North from 24-inch to 60-inch, and upsizing
the 36-inch main to 54-inch from West 60th Street North to the Middle Skunk Creek Junction.
The head required to pump this flow is available on 32 of 36 active wells. Lack of head is
particularly relevant in the northern Middle Skunk Creek region (wells 112-114).
Scenario 4: Maximum Water Right without Middle Skunk Creek Wells and Airport
Scenario 4 models the maximum water right in the system minus any flow contributed from the
Airport and Middle Skunk Creek wellfields. The total flow from the system is 31,436 gpm (45.3
MGD) at the plant.
IMPROVEMENT SET A: MAIN UPSIZED TO 60-INCH FROM PLANT TO WEST 60TH STREET NORTH

The flow was routed through an improved transmission system, which was edited by upsizing
the western main from the plant to West 60th Street North from 24-inch to 60-inch.
The head required to pump this flow is available on 25 of 31 active wells. Lack of head is
particularly relevant at the Pack-6 and Wells 31 and 37.
IMPROVEMENT SET B: MAIN UPSIZED TO 60-INCH FROM PLANT TO WEST 60TH STREET NORTH, AND
36-INCH MAIN UPSIZED TO 54-INCH FROM WEST 60TH STREET NORTH TO MIDDLE SKUNK CREEK
JUNCTION

The flow was routed through an improved transmission system, which was edited by upsizing
the western main from the plant to West 60th Street North from 24-inch to 60-inch, and upsizing
the 36-inch main to 54-inch from West 60th Street North to the Middle Skunk Creek Junction.
The head required to pump this flow is available on 31 of 31 active wells.
Scenario 5: Middle Skunk Creek Wells Only
Scenario 5 models the maximum water right in the system only for the Middle Skunk Creek
wells, Wells 101-114. All other wells are shut off providing a total flow from the system is 6,850
gpm (9.9 MGD) at the plant.
IMPROVEMENT SET A: MAIN UPSIZED TO 60-INCH FROM PLANT TO WEST 60TH STREET NORTH

These flows were routed through an improved transmission system, which was edited by
upsizing the western main from the plant to West 60th Street North from 24-inch to 60-inch.
The head required to pump this flow is available on 9 of 13 active wells. Lack of available
pumping head is prevalent throughout the Middle Skunk Creek wells. This is likely due to the
well pumps not being designed for the additional head imposed by the pressure sustaining valve
that was installed after the Middle Skunk Creek wellfield was developed. The pressure
sustaining valve is set at 50 psi to maintain minimum pressure along on the East-West main
along 255th Street.
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IMPROVEMENT SET B: MAIN UPSIZED TO 60-INCH FROM PLANT TO WEST 60TH STREET NORTH, AND
36-INCH MAIN UPSIZED TO 54-INCH FROM WEST 60TH STREET NORTH TO MIDDLE SKUNK CREEK
JUNCTION

These flows were routed through an improved transmission system, which was edited by
upsizing the western main from the plant to West 60th Street North from 24-inch to 60-inch, and
upsizing the 36-inch main to 54-inch from West 60th Street North to the Middle Skunk Creek
Junction.
The head required to pump this flow is available on 9 of 13 active wells. There is no significant
change in the production from the Middle Skunk wellfield as presented above, as the only piping
changes are through the airport relocation and along Ditch Road. The issue with the Middle
Skunk Creek wells is the additional head imposed on the well pump due to the pressure
sustaining valve.
Scenario 6: Maximum Water Right with Airport Flow Relocated to Northern Big Sioux
Wellfield
Scenario 6 models the maximum water right in the system with the airport water rights
reallocated to the northern portion of the Big Sioux Aquifer wellfield. The total flow in the system
is 53888 gpm (76.6MGD) at the plant.
IMPROVEMENT SET A: MAIN UPSIZED TO 60-INCH FROM PLANT TO WEST 60TH STREET NORTH

These flows were routed through an improved transmission system, which was edited by
upsizing the western main from the plant to West 60th Street North from 24-inch to 60-inch. The
head required to pump this flow is only available on 5 of 44 active pumps. Lack of available
pumping head is prevalent throughout the system.
IMPROVEMENT SET B: MAIN UPSIZED TO 60-INCH FROM PLANT TO WEST 60TH STREET NORTH, AND
36-INCH MAIN UPSIZED TO 54-INCH FROM WEST 60TH STREET NORTH TO MIDDLE SKUNK CREEK
JUNCTION

These flows were routed through an improved transmission system, which was edited by
upsizing the western main from the plant to West 60th Street North from 24-inch to 60-inch, and
upsizing the 36-inch main to 54-inch from West 60th Street North to the Middle Skunk Creek
junction. The available pumping head required to pump this flow is available on 40 of 44 active
wells. Lack of head is particularly relevant at with the Middle Skunk wellfield, Wells 112-114.
Scenario 7: Maximum Safe Yield
Scenario 7 models the well production at the water right or safe yield of the well, whichever is
less. The total flow in the system is 41,126 gpm (59.2 MGD) at the plant. Safe yield data for
11of the 64 wells was not available for this study. Without this information being available, the
assumption was that these 11 wells are out of service, resulting in a total operating 53 wells.
IMPROVEMENT SET A: MAIN UPSIZED TO 60-INCH FROM PLANT TO WEST 60TH STREET NORTH

These flows were routed through an improved transmission system, which was edited by
upsizing the western main from the plant to West 60th Street North from 24-inch to 60-inch. The
head required to pump this flow is available on 39 of 53 active wells. Lack of available head is
particularly relevant at the Pack-6 wells, and to a lesser amount the Pack-5.
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IMPROVEMENT SET B: MAIN UPSIZED TO 60-INCH FROM PLANT TO WEST 60TH STREET NORTH, AND
36-INCH MAIN UPSIZED TO 54-INCH FROM WEST 60TH STREET NORTH TO MIDDLE SKUNK CREEK
JUNCTION

These flows were routed through an improved transmission system, which was edited by
upsizing the western main from the plant to West 60th Street North from 24-inch to 60-inch, and
upsizing the 36-inch main to 54-inch from West 60th Street North to the Middle Skunk Creek
Junction. The available head required to pump this flow is available on 53 of 53 active wells.
Scenario 8: Maximum Safe Yield with Airport Flow Relocated to Northern Big Sioux
Aquifer Wellfield
Scenario 8 models the well production with the airport wells relocated to the northern Big Sioux
Aquifer at the water right or safe yield of the well, whichever is less. The total flow in the system
is 45,708 gpm (65.8 MGD) at the plant.
It should be noted that for modeling purposes, the relocated airport wells are designated as a
single point of entry to the raw water transmission main, resulting in a reduction in total number
of operating wells.
IMPROVEMENT SET A: MAIN UPSIZED TO 60-INCH FROM PLANT TO WEST 60TH STREET NORTH

These flows were routed through an improved transmission system, which was edited by
upsizing the western main from the plant to West 60th Street North from 24-inch to 60-inch. The
available pumping head required to provide this flow is available on 34 of 40 active wells. Lack
of head is particularly relevant at the Pack-6 wells.
IMPROVEMENT SET B: MAIN UPSIZED TO 60-INCH FROM PLANT TO WEST 60TH STREET NORTH, AND
36-INCH MAIN UPSIZED TO 54-INCH FROM WEST 60TH STREET NORTH TO MIDDLE SKUNK CREEK
JUNCTION

These flows were routed through an improved transmission system, which was edited by
upsizing the western main from the plant to West 60th Street North from 24-inch to 60-inch, and
upsizing the 36-inch main to 54-inch from West 60th Street North to the north wellfield junction.
The head required to pump this flow is available on 40 of 40 active wells.
Scenario 9: 45 MGD with no Airport and no Middle Skunk Creek Wells
Scenario 9 models the 45 MGD (31,250 gpm) of flow to the water treatment plant, with only
wells from the Big Sioux Aquifer, not including the airport wells. These flows were routed
through an improved transmission system, which was edited by replacing, and relocating the
western the main from the plant to West 60th Street North from 24-inch to 36-inch. Additional
improvements at the plant’s yard piping, upsizing from 36-inch to 48-inch.
The available pumping head required to pump this flow is available at 24 of 31 active wells.
Scenario 10: 60 MGD; No middle skunk creek wells
Scenario 10 models water production from the Big Sioux Aquifer, including the airport wells.
The Middle Skunk Creek wells are not included in this scenario. The total production is 60 MGD
(31,250 gpm). These flows were routed through an improved transmission system, which was
edited by replacing, and relocating the western the main from the plant to West 60th Street
North from 24-inch to 36-inch and improving the plant yard piping from 36-inch to 48-inch.
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The available pumping head required to pump this flow is available at 41 of 45 active wells.
Scenario 11: 60 MGD with no Airport Wells and 15 MGD Contribution Relocation to
Northern Wellfield
Scenario 11 models 60 MGD (31,250 gpm) flow through the system. 45 MGD is supplied by Big
Sioux Aquifer and relocating the 15 MGD supplied from Airport Wells to the northern Big Sioux
Aquifer region, around Well 71. These flows were routed through an improved transmission
system, which was edited by replacing, and relocating the western the main from the plant to
West 60th Street North from 24-inch to 36-inch and improving the plant yard piping from 36-inch
to 48-inch.
The head required to pump this flow is available at 15 of 31 active wells, with 10 of the 15 wells
with limited available pumping head are the Pack-5, and Pack-6 wells.
Model Runs 12-13: Plant Yard Piping Improvements
It was recognized during Scenarios 1-11 that improvements to the yard piping at the entrance to
the WTP will be required with larger pipes.
Because of the overall impact to the water treatment plant operations, two additional other
models were created to consider sizing the yard piping immediately outside the plant to meet
handle the maximum water right of 76.6 MGD. Yard piping at the plant entrance was upsized to
48 inch to accommodate future flows.

Optimatics Optimizer Scenarios
Two different optimization models were used as part of this study, with each model containing a
set of runs. The first model utilizes a constant demand scenario for the well sites. The second
model represents the well sites by a reservoir linked to a flow control valve. Details of the two
models, and the various scenarios created within them are provided later in this section.
Two categories of inputs were initially created to help optimizer® to guide the decisions made:
1. Performance Criteria
a. Head Loss
b. Velocity
2. Improvement Unit Cost
a. New Pipe
b. Well Installation
c. Treatment Costs
Performance Criteria
HEADLOSS

Headloss was limited to 4 ft per 1,000 ft in the selection of new pipe sizes.
VELOCITY

Flow velocity was limited to 5 fps.
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PRESSURE

Where possible, the system was required to operate between 20 psi and 100 psi.
Improvement Unit Costs
Improvement unit costs fall into one of three categories:
1. Pipe Costs
2. Treatment Costs
3. Well Installation Costs
PIPELINE COSTS

Pipe costs are summarized in Table 4-1.

Pipe diameter
(in)
16
18
20
24
30
36
42
48
54
60

Unit cost ($/linear ft)
Ductile Iron
Class 250
Welded Steel
(Protecto 401)
117
107
150
130
182
167
233.14
248.14
298.82
308.82
390.49
370.49
449.7
434.7
523.37
503.37
622.05
587.05
705.72
670.72

Table 4-1: Pipe Unit Costs
AIRPORT WELL CONTAMINATION

Select wells in the airport are contaminated with perfluorinated compounds (PFCs). The Air
Force began using aqueous film forming foam (AFFF), a firefighting agent containing two types
of PFCs, perfluorooctanesulfonic acid (PFOS) and perfluorooctanoic acid (PFOA), to extinguish
petroleum fires. These substances do not break down easily and, therefore, are persistent in
the environment. Currently there are no federal regulations under the SDWA for PFCs.
However, EPA has issued a health advisory and the City of Sioux Falls has discontinued
operation of the airport wells, at least until further investigations are complete.
Two options are considered to address with the contamination; treatment or relocation. For
each option, the entire airport wellfield will be provided water treatment or relocated.
Water Treatment and Costs

Granular activated carbon (GAC)has proven to be the most effective treatment for PFOS and
PFOA. Oakdale, Minnesota has an operating water treatment facility designed to treat
PFOS/PFOA contamination. The Oakdale WTP is designed to produce 2,000 gpm at a cost of
$3,300,000. Additionally, it is reported that the annual O&M costs (power, staff, etc.) is $25,000
and the GAC replacement schedule is every 18 months at a cost of $250,000. Using this
information, the assumed costs to treat the airport well water is $0.87/1,000 gallons. This cost
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assumes and annualized construction at 5% for 20 years producing water 12 hours/day, 7
days/week.
Well Relocation Cost

To estimate the costs to relocate the production capacity from the airport wells to the northern
portion of the Big Sioux Aquifer, it is assumed that the new water production wells will be
collector wells, even through the initial construction cost will likely be higher than installing
vertical wells. Collector wells have a much longer service life than vertical wells and operating
staff have indicated a preference for collector wells due higher production and lower O&M
requirements.
Based on this assumption, 8 collector wells may be included at an average cost of $5,000,000
each. This cost includes the caisson, laterals, pump(s) and pump house, power supply and
instrumentation, pipeline to connect into the raw water transmission main and abandonment of
the airport wells. The costs for these new wells was annualized over a 20 year period at a 5
percent discount rate, then correlated to the cost per 1,000 gallons, resulting in $1.10/1,000
gallons.
ENERGY COST

Energy costs for pumping were applied to the Constant Head with Reservoir Flow Control Valve
Optimizer scenarios. The pump operating cost estimates were based on unit costs from the City
of Sioux Falls Light and Power Service Rates and Fees for Large Commercial Services1.
In summary:



Energy charge = 3.6 cents/kWh
Demand charge (monthly) = $16.98/kW

Other assumptions used to estimate life-cycle costs include:




Wells operate 12 hours a day, 365 days a year
Pump efficiency = 70% (assumed for all well pumps)
Assumed compound interest 5% over 20 years

Optimizer Scenarios
As previously mentioned in this report two different Optimizer models were created as part of
this study. The first, representing the well sites as constant demands, based on various flow
scenarios was used to assist in pipe sizing and decisions whether to treat the contaminated
airport wells or relocate them. The second model, representing the well sites as fixed head
reservoirs connected to a flow control valve, was used in an effort to find the optimal pumping
schemes for various well production flow rates. The two models and the scenarios run in each
are:
1. Constant Demand Model
a. 45 MGD of total well production, with no airport wells running
b. 60 MGD of total well production, 15 MGD supplied by the airport wells
1

http://www.siouxfalls.org/public-works/utility-billing/electric-rates, accessed March 2017
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c. 60 MGD of total well production, 15 MGD supplied by relocated airport water
rights
2. Constant Head Reservoir with Flow Control Valve Model
a. 60 MGD of well production; treatment and new well installation costs considered
b. 60 MGD of well production; treatment and new well installation costs NOT
considered
c. 45 MGD of well production; treatment and new well installation costs considered
d. 45 MGD of well production; treatment and new well installation costs NOT
considered
e. 45 MGD of well production; treatment costs NOT considered; new well
installation costs are considered

CONSTANT DEMAND MODEL

The constant demand model was run with three scenarios:
1. 45 MGD of well production, with no airport wells running
2. 60 MGD of well production, 15 MGD supplied by the airport wells
3. 60 MGD of well production, 15 MGD supplied by relocated airport water rights
The results of these scenarios are summarized in Table 4-2 and Figures 4-2 through 4-4.

Scenario
1. 45 MGD of production, with no
airport wells running
2. 60 MGD of production, 15 MGD
supplied by the airport wells
3. 60 MGD of production, 15 MGD
supplied by relocated airport water
rights

New pipe
costs
($m)

Treatment
costs
($m)

Well
installation
costs
($m)

TOTAL
($m)

4.39

-

-

4.39

5.45

6.41

-

11.86

16.90

-

8.10

25.00

Notes:
1. Treatment costs based on 12 hours operation at $0.87 per 1,000 gallons.
2. Well installation costs based on 12 hours operation at $1.10 per 1,000 gallons.
Table 4-2: Summary of Constant Demand Scenarios Considered and Optimization Results
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Figure 4-2: Proposed Pipe Improvements for Scenario 1
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Figure 4-3: Proposed Pipe Improvements for Scenario 2
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Figure 4-4: Proposed Pipe Improvements for Scenario 3
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CONSTANT HEAD WITH RESERVOIR FLOW CONTROL VALVE MODEL

The Constant Head with Reservoir Flow Control Valve Model was run with 5 scenarios:
1.
2.
3.
4.
5.

60 MGD of well production; treatment and new well installation costs considered
60 MGD of well production; treatment and new well installation costs NOT considered
45 MGD of well production; treatment and new well installation costs considered
45 MGD of well production; treatment and new well installation costs NOT considered
45 MGD of well production; treatment costs NOT considered; new well installation costs
are considered

The results of these scenarios are summarized in Table 4-3 and Figures 5 through 9.

Scenario
Scenario 1:
Production 60 mgd
Treatment costs and well
installation costs considered
Scenario 2:
Production 60 mgd
Treatment costs and well
installation costs are NOT
considered
Scenario 3:
Production 45 mgd
Treatment costs and well
installation costs considered
Scenario 4:
Production 45 mgd
Treatment costs and well
installation costs are NOT
considered
Scenario 5:
Production 45 mgd
Treatment costs are NOT
considered Well installation
costs are considered

Comment
All of the existing wells with a production
value are operating
The relocated airport wells do not operate
due to the high cost of installing new wells
All of the airport wells operate with the
exception of Well 29 (pump head is high)
The optimization maximizes the use of the
relocated wells (8,000 gpm) since there is no
cost associated with them
A small number of wells in the northwest are
operating
The optimization minimizes the use of airport
wells to avoid treatment costs
All of the airport wells operate with the
exception of Wells 17, 18 and 29
The optimization maximizes the use of the
relocated wells (8,000 gpm) since there is no
cost associated with them
No wells in the northwest are operating
All of the airport wells operate with the
exception of Wells 18 and 29
The relocated airport wells do not operate
due to the high cost of installing new wells
A small number of wells in the northwest are
operating

New pipe
costs
($m)

Treatment
costs
($m)

Well
Installation
costs
($m)

Pump
operating
costs
($m)

5.45

13.81

-

6.70

5.45

Not
considered

Not
considered

5.90

5.45

1.50

-

4.74

5.45

Not
considered

Not
considered

2.56

5.45

Not
considered

-

2.88

Notes:
1. Treatment costs based on 12 hours operation at $0.87 per 1,000 gallons.
2. Well installation costs based on 12 hours operation at $1.10 per 1,000 gallons.
3. Please refer to spreadsheet “Well production results.xlsx” accompanying this report for a breakdown of pump
operating costs
Table 4-3: Summary of Constant Head Scenarios Considered and Optimization Results
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Figure 4-5: Wells Operating for Scenario 1
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Figure 4-6: Wells Operating for Scenario 2
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Figure 4-7: Wells Operating for Scenario 3
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Figure 4-8: Wells Operating for Scenario 4

hdrinc.com

6300 S. Old Village Place, Suite 100, Sioux Falls, SD 57108-2102
(605) 977-7740
46

City of Sioux Falls | Raw Water Transmission Improvements
Model Evaluation

Figure 4-9: Wells Operating for Scenario 5
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Optimizer Results
The Optimizer results summarized in Tables 4-2 and 4-3 and Figures 4-3 through 4-8 show the
solution the software converged on. These scenarios helped shape decision making in the
InfoWater® models used as a basis and prioritization for recommended improvements based on
the near-term and mid-term well production needs. In general, the results converged on than
during a 20-year life cycle, the airport well treatment costs are substantially less than the cost of
new relocated wells to the north of the Big Sioux Aquifer and the cost of the transmission pipe
required to convey that relocated production to the WTP.
Further details on the Optimizer results can be found in Appendix C including the flow, head,
and operating costs from each well resulting from the optimization scenarios. The wells selected
for the 45 MGD production scenarios especially can inform the City on which wells from a
general hydraulics and pumping costs perspective, not based on current pump efficiency, are
likely better to operate. Based on knowledge of system supply and demand supported by
hydraulic modeling analysis, Section 5 of this report recommends a series of specific projects be
completed to sustain efficient use of the City’s raw water assets to meet projected production
needs over time.
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Section 5
Recommended Improvements
The majority of water rights owned by the City are groundwater rights delivered through the well
field. However, the system is unable to deliver desired flows to the plant, much less the total
water rights. This challenge is caused by a combination of undersized piping and well pumps
working against each other. The improvements and recommendations in this report deal strictly
with pipe sizing. Due to the incomplete and often varying field data collected on the pumps
themselves, detailed well pumping recommendations could not be studied at this time.
However, general information is provided on wells that may be more efficient to operate based
on their overall head requirements based on certain production rations. All of the
recommendations for pipe sizing and improvements are based on the preliminary design
guidelines accompanying this report in Appendix A.

Projects
Several projects are currently recommended over three phases:
Phase 1: Relocation and Resizing of West Main (currently runs through the airport)
This project would include replacing the 24-inch main with a new 36-inch main on
a new proposed alignment that follows the Minnesota Avenue Corridor more
closely. These improvements would allow for 60 MGD of flow to the plant or 45
MGD without use of the Airport wells.
The new transmission main would extend just north of 60th Street and a small
section north of 60th street would be upsized to 42-inch. Phase 1 improvements
also include upsizing the existing 36-inch east and west yard piping at the plant
to 48-inch. Appendix D provides preliminary design drawings depicting the
general alignment of this improvement and prior to detailed survey,
environmental assessment and geotechnical analysis typical of design phase
work.
Phase 2: Improvement of East-West Airport Main
Currently there are several pipes running west to east towards the WTP along
the south end of the airport. At a time concurrent with service life, it is
recommended that these three pipes be consolidated into one 30-inch pipe. This
would consolidate three pieces of pipe infrastructure into one.
Phase 3: Installation of optional North Well Main
Phase 3 would include the installation of an optional main from 60th Street
extending to the north. This main would either parallel the existing Big Sioux
Aquifer Main, or would be on an alternative alignment, that would allow for
increased redundancy, and operational flexibility. The alternative alignment
would extend 3 miles west from the junctions at 60thSstreet to Marion Road, and
then parallel Marion Road heading north intersecting the existing E-W Main that
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conveys flows from Middle Skunk Creek to the rest of the system. This pipe
would be required if the Airport Well capacity were to be moved to the north end
of the system but otherwise is not mandatory for only hydraulic purposes.
Phase 3 would also include any improvements needed to reach the full 76.6
MGD of water rights capacity from 60 MGD but this additional capacity beyond
safe yield is not projected to be needed for quite a while.
Phase 1 is recommended to be constructed by 2020, in order to convey up to 60 MGD, or 45
MGD without the Airport wells to the WTP.

Opinion of Probable Construction Costs
Planning-level opinions of probable construction cost (OPCC) of the recommended Phase 1
improvements are developed to assist in budgeting for implementation of the plan. To that end,
cost data must be obtained or developed for each type of construction and system components
laid out in sufficient detail to permit determination of budgetary project costs.
Inherently, OPCC vary depending on the phase of the project when they are developed, which
determines the level of detail and the expected accuracy of the estimate. The Association for
the Advancement of Cost Engineering International (AACE International) Recommended
Practices, specifically Document No. 18R-97, outlines typical cost estimate accuracies based on
the overall status of the project. The cost estimates for this study’s improvements should be
considered Study or Feasibility (Estimate Classification 4) level estimates with an expected
accuracy of +50 to -30 percent.
The total project cost necessary to complete a project consists of expenditures for land
acquisition, construction costs, engineering design and inspection services, contingencies, and
such overhead items as legal, administrative and financing services.
Construction costs cover the material, equipment, labor and services necessary to build the
proposed project. Prices used in this study were obtained from a review of bid tabs from local
and regional utilities, similar recent regional master plans, and published sources of construction
cost information. Construction costs used in this report are not intended to represent the lowest
prices which may be achieved, but rather are intended to represent a median of competitive
prices submitted by responsible bidders.
Such factors as unexpected construction conditions, underground utility conflicts, the need for
unforeseen mechanical and electrical equipment, roadway repair/re-surfacing and variations in
final quantities are a few examples of items that can add to planning-level estimates of project
cost. To cover such unknowns at this stage of the projects, an allowance of 30 percent on top of
the construction cost has been included.
Engineering services may include preliminary investigations and reports, site and route surveys,
geotechnical and foundation explorations, preparation of design drawings and specifications,
engineering services during construction, construction observation, construction surveying,
sampling and testing, start-up services, and preparation of operation and maintenance manuals.
Overhead charges cover such items as legal fees, financing fees, and administrative costs. The
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costs presented in this report include an 18 percent allowance for engineering services, legal,
and administrative costs.
The OPPC prepared are in year 2017 dollars. Future changes in the cost of materials,
equipment and labor will cause significant changes in project costs. A good indicator of changes
in construction costs is the Engineering News-Record (ENR) Construction Cost Index (CCI).
Since the timing for implementation of improvements is somewhat unknown at this time, inflation
of the OPPC has not been considered. On-going planning and cost estimating is recommended
to refine all of the projects and their expected costs. Detailed treatment-related costs related to
the airport wells are not provided, as more detailed analysis is necessary to be able to develop
planning-level costs for these.
Phase 1 improvements OPPC are included in Table 5-1.

Further Study
In addition to the piping improvements in Phases 1-3, additional study should also be conducted
over time in order to understand how the system functions as a whole, including more detailed
well pump information, and the interaction of wells through hydrogeology in the area.
Data Collection
The next step in further model refinement is the inclusion of accurately modeled wells. In order
to accomplish this, accurate pump curves must be generated. This could happen in a number of
ways with two suggestions being:
1. Pump Testing – Discharge the wells to atmosphere (or over a wider range of flows from
shutoff head to maximum flow while monitoring discharge and system pressures on both
sides of the discharge throttle valve)
2. SCADA Data Collection - Obtain pump data over time utilizing SCADA records
In conjunction with this, the position of the various valves in the system including the Skunk
Creek PSV must also be known in order for accurate model calibration to occur. It is
recommended that a system be developed to track the valve positions throughout the system
(open, closed, throttled). This information in conjunction with the updated pump curves using
Method 1 or 2 above will provide for a more accurate model of the system, allowing decisions to
be made with increased confidence.
Pump Testing
SCADA data collection would consist of a continual data collection over time. The idea being
that as different operational schemes are used through the year, and pumps are shut on and off,
that the varying points among them would be enough to establish accurate pump curves. To
establish the pump curves, the well’s flow, water level, discharge pressure (upstream of throttle
valve) and system pressure (downstream of the throttle valve) would need to be recorded every
5 to 15 minutes. To apply appropriately to the modeling, accurate elevations of the pump bowl,
well water level, discharge and system pressure gauges, and throttle valve would be necessary.
This method of data collection would require less field time, but more data cleaning, to
determine a pump curve from the collected SCADA dataset.
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Item
No

Description

Unit

Est.
Quantity

Unit
Price
$451,900

$451,900

$1,500

$16,350

$55

$628,210

1

Mobilization (6%)

LS

1

2

Site Restoration (Turf related items)

AC

10.9

3

Site Restoration (Pavement items)

SQYD

11422

Total Price

4

Erosion Control

AC

10.9

$6,000

$65,400

5

Utility Crossings

EA

8

$2,000

$16,000

6

Traffic Control

LS

1

$25,000

$25,000

7

36-inch DIP (PC 250) Protecto 401 - F&I

LFT

10600

$250

$2,650,000

8

36-inch Pipe Bedding, Tracer Wire & Testing

LFT

11280

$21.50

$242,520

9

42-inch DIP (PC 250) Protecto 401 - F&I

LFT

63

$375

$23,625

10

42-inch Pipe Bedding, Tracer Wire & Testing

LFT

63

$25

$1,575

11

48-inch DIP (PC 250) Protecto 401 - F&I

LFT

223

$420

$93,660

12

48-inch Pipe Bedding, Tracer Wire & Testing

LFT

223

$30

$6,690

13

36-inch bends

EA

15

$16,000

$240,000

14

42-inch bends

EA

1

$20,000

$20,000

15

48-inch bends

EA

2

$25,000

$50,000

16

48-inch to 36-inch reducer

EA

1

$30,000

$30,000

17

42-inch to 36-inch reducer

EA

2

$27,000

$54,000

18

Connect to existing WM pipe

EA

4

$8,500

$34,000

19

Air Release Structure & A/V valve

EA

1

$100,000

$100,000

20

36-in River Boring (assuming HDD)

LFT

675

$950

$641,250

21

36-in Roadway/Railway Boring in 48-in Casing

LFT

350

$1,150

$402,500

SUBTOTAL

$5,792,680

UNDEVELOPED CONSTRUCTION ELEMENTS (30%)

$1,737,900

Construction Subtotal

$7,530,580

Engineering Design and Construction Administration (16%)

$1,204,900

Legal and Administration (3%)

$36,200

TOTAL

$8,771,680

Table 5-1: Opinion of Probable Cost for Phase 1

In addition to the data collected about the pumps, and wells, the current USGS hydrogeological
study in the area should also be utilized. This newer study, may affect variables such as:
1. Safe Yield
2. Future Well Placement
3. Pump Sizing
Additional Modeling
Additional modeling is also recommended in conjunction with additional data collection. The
model architecture should be updated to model the pumps based on the field observed pump
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curves, and the model updated on a project/yearly basis to include changes to pipes/pumps.
This model is a valuable tool for evaluation of the system, however, the input files contain a
large number of variables, some of which are dynamic in nature such as pump status and valve
settings. The system is operationally complex, and therefore the model has conditions which
can change over time, including a wide range of flow and operating conditions. The City should
work with this model on an ongoing basis to better understand its capabilities and, over time,
improve the calibration and its accuracy for predicting the performance of the transmission
system under various flow conditions. Examples of the benefits of the model include:










Tool to decide which wells should be operated at high flows based on total dynamic
head performance and pumping costs
Track valve position (open, closed, throttled) under a range of flow and operational
conditions
Locate and size future improvements (new pumps, new pipes)
Track system changes/condition (pumps, pipe, valves, etc.)
Evaluate the possibility of closing selected system valves to throttle wells rather than
throttling individual wells at the pump to achieve more efficient pump energy use
Future inclusion of hydrogeological data, to give further understanding of how the well
locations interact, and corresponding effects on the aquifer levels and well drawdown
rates
Develop system to track pump curve changes. The operating curve for the actual
performance of each pump should be tested at least once every five years, more often
for older pumps. This is the key to understanding the performance of individual wells to
inform rehabilitation or replacement of the pumps or wells
Defensible basis for future improvement projects

Next Steps
The following is a summary of conclusions and recommendation presented throughout this
report:
1. The model is a valuable tool for evaluation of the system; however, the input files contain
a large number of variables, some of which are dynamic in nature. The system is
complex, and the model has conditions which can change over time. In addition, true
pump curves are required to provide more in-depth analysis of the well pumps
throughout the well field to identify and prioritize their replacement. The City should work
with this model on an ongoing basis to better understand its capabilities and, over time,
improve the calibration for various conditions and its accuracy for predicting the flows
2. Phase 1 is recommended as a high priority improvement to be implemented by 2020,
with an estimated project cost of $7,300,000
3. Following the construction of Phase 1 it is recommended that the model be further
developed to incorporate the use of pump curves, groundwater data, and energy usage.
Although determined through this study that treatment is likely less costly than relocation
of the airport wells, other factors should be considered such as the difficult access to the
Airport Wells and the long-term implications of contamination. Therefore, a study is also
recommended on airport contamination, and possible replacement sites costs, from
which a decision to treat airport wells or relocate them can be made.
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a. If Airport Well treatment is the resulting preferred option, Phase 2, E-W Airport
Main Improvement should be constructed in conjunction with any treatment work
4. Following Phase 2 it is recommended the model be updated. Phase 3 alignments and
options should also be re-evaluated in this updated model along with determining
prioritized needs and those needed to reach the full water right capacity. Phase 3
construction is recommended based and timed with useful life of existing infrastructure
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