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4. Evaluation of Alternatives 
 
4.1. Summary of Previous Evaluations 
 
Lewis & Clark has performed several evaluations of alternate project configurations since the project was 
envisioned in the early 1990’s.  The project has varied in scope and size based on the number of project 
participants and their requested reserved capacity.  The initial evaluation of alternatives was based on the 
project scope defined in November 1990.  The water system was initially evaluated with a capacity of 78 
MGD for 66 water systems. 
 
Alternatives were again evaluated in April 1992 to reflect changes in project participation.  The April 1992 
system included a capacity of 59 MGD for 48 members.  Changes in project participation occurred after 
potential members had an opportunity to compare the Lewis & Clark system with other alternatives 
available to them. 
 
An independent value engineering evaluation of the April 1992 system was conducted during the summer of 
1992.  The value engineering study assessed design concepts for the proposed water system and offered 
recommendations for modifications.  One of the major recommendations of the value engineering evaluation 
was to change a looped transmission pipeline system to a non-looped system. 
 
Subsequent changes in project participation altered the economic feasibility of various system components.  
The 1993 Feasibility Study evaluated various alternatives and recommended a selected alternative.  
Membership was based on project participants who signed commitment agreements.  The 1993 Feasibility 
Study evaluation included a capacity of 23.5 MGD for 22 members.  The project participants in the 1993 
Feasibility Study are the same as today, plus one new member – Rock Rapids, Iowa.1  Some of the 
members have increased their reserved capacity (refer to Chapter 2). 
 
The US Bureau of Reclamation conducted a Value Engineering (VE) review of an initial draft (January 8, 
2002) of the first five chapters of this Final Engineering Report.  The first five chapters include: 

                                                                 
1   At the time of this report, Lewis & Clark and Rock Rapids Municipal Utilities were in the final process of 

negotiating a Commitment Agreement for Rock Rapids to become a member of Lewis & Clark.  Rock Rapids 
should attain membership status by June 2002. 
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?  Chapter 1 – Introduction, Authorization and Purpose; 
?  Chapter 2 – Summary of Project Water Demands; 
?  Chapter 3 – Proposed Facility Design Criteria and Requirements; 
?  Chapter 4 – Evaluation of Alternatives; and 
?  Chapter 5 – Proposed Project Facilities. 

 
The VE review was held during the week of February 4, 2002 in Brookings, South Dakota.  The purpose 
was to review the design criteria and proposed project components.  The VE Team developed a report that 
included ten proposals for consideration and evaluation by Lewis & Clark.2  The ten proposals as 
summarized below: 
 
Independent Proposals.  The following proposals are independent of all other proposals and could be 
accepted or rejected individually without affecting other proposals.  These proposals can generally be 
combined. 
 

Proposal No. 1.  Use submersible pumps in radial collector wells 
 

Proposal No. 2.  Add a forebay to the water treatment plant and other improvements. 
 

Proposal No. 3.  Use vertical or inclined wells with or in lieu of radial collector wells. 
 

Proposal No. 4.  Optimize radial arms of collector wells. 
 

Proposal No. 5.  Revise treatment process. 
 

Proposal No. 6.  Use separate raw water lines for well fields. 
 

Proposal No. 7.  Reroute treated water pipeline near Tea, South Dakota. 
 

Proposal No. 8.  Change design and pressure criteria for the treated water pipeline system. 
 
Dependent Proposals.  The following proposals are interdependent.  Only one of the proposals (including 
Proposal No. 8) could be implemented. 
 

                                                                 
2    Value Engineering Final Report – Lewis and Clark Rural Water System (A10-1940-0001-001-02-0-0 (6) (6B256), 

March 8, 2002, Bureau of Reclamation, Technical Service Center, Denver, CO 
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Proposal No. 9A.  Single pipeline to Iowa and Minnesota, southern route. 
 

Proposal No. 9B.  Single pipeline to Iowa and Minnesota, central route. 
 
These proposals were evaluated and Lewis & Clark accepted VE Proposals 2 (without the forebay), 3, 7 
and 8, with modifications.  These proposals are incorporated into this Final Engineering Report. A written 
response to the VE Report was prepared by Lewis & Clark and forwarded to Reclamation.3 The VE 
Report also made other recommendations and suggestions and these are also incorporated into this Final 
Engineering Report, as appropriate. 
 

4.1.1. Alternate System Components Previously Evaluated 
 

Prior to completion of the 1993 Feasibility Study, Lewis & Clark conducted evaluation of: 
 

?  Ten alternatives for diverting water from the Missouri River (including surface and groundwater 
diversions); 

?  Four alternatives for treatment facilities; and 
?  Fourteen alternatives for the water transmission system (including raw water and treated water 

delivery systems). 
 

Early efforts looked at an even greater number of alternatives, especially the water transmission system. 
 The 1993 Feasibility Study (Section 3 – Alternative Evaluation Summary, Appendix N – Original 
Evaluation of Alternatives and Appendix O – Evaluation of Alternatives in 1992) provides considerable 
detail regarding the evolution of the project and evaluation of various system component alternatives.  
The following section summarizes the major components that were evaluated in the early 1990’s. 

 
4.1.1.1. Water Sources 

 
The 1991 project evaluation considered three diversion locations: 1) Clay County, South Dakota 
near Vermillion; 2) Yankton County, South Dakota east of Yankton; and 3) Lewis and Clark Lake 
at the Yankton/Bon Homme county line.  Three methods of diverting water (surface intake, vertical 
wells and radial collector wells) were considered for the first two  

                                                                 
3      Responses to VE Study – Final Engineering Report (1/8/02), March 20, 2001, Banner Associates, Inc. and HDR 

Engineering, Inc. 

 



Lewis & Clark Water Supply Project Final Engineering Report  
 
 

  
Banner/HDR/TRC Mariah 4-4 

locations.  A surface intake was the only diversion alternate considered for the Lewis and Clark 
Lake site.  The diversion system selected was a surface water intake on Lewis and Clark Lake. 

 
Several significant items affecting the selection of alternatives occurred during 1992.  A bridge (and 
highway) over the Missouri River at Vermillion was authorized for final engineering evaluation and 
design.  Also, membership in Lewis & Clark changed and potential members on the west side of 
the distribution system decided to evaluate other alternatives available to them.  It was decided to 
focus on developing a raw water source from the Missouri River near Vermillion.  Two locations 
south of Vermillion were assessed. A surface intake into the river, vertical wells and radial collector 
wells were evaluated. 

 
The recommended diversion alternative was to use collector wells between the new Highway 19 
and the Missouri River along the Mulberry Point area.  This diversion alternative was preferred for 
cost, reliability and environmental reasons.  The 1993 Feasibility Study cited the following 
advantages of this alternative: 

 
?  No effects from channel changes and degradation or water surface lowering; 
?  Protection from bank erosion by bank stabilization measures associated with the Highway 

19 project; 
?  No impact to fish; 
?  Better water quality (less turbidity) than a surface intake.  However, iron and manganese 

concentrations are expected to be higher than a surface intake.  And, 
?  Lower treatment costs. 

 
The collector well diversion alternative in the Mulberry Point area southwest of Vermillion is 
evaluated and refined in further detail later in this Chapter and Chapter 5. 

 
4.1.1.2. Water Treatment Facilities 

 
In 1991, four treatment system alternatives were evaluated.  The original project study included an 
evaluation of treatment facilities distributed throughout the Water Service Area.  Four alternatives 
were considered: 1) a single water treatment plant near the point of diversion which would distribute 
treated water to all members; 2) three regional treatment plants located near members with larger 
demands and would distribute treated water to all members; 3) a combination of using some of the 
larger members existing water treatment plants and new regional water treatment plants; and 4)
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delivery of raw water to Mitchell, Minnehaha Community Water Corporation and new water 
treatment plants near Vermillion and Sioux Falls with the option to deliver raw water to the existing 
Sioux Falls treatment plant.  These last three treatment alternatives required the long-distance 
transmission of raw water to various treatment plants throughout the system.  The least cost 
alternatives were the systems using a single water treatment plant located near the point of 
diversion. 

 
In 1992, due to raw water source development and other reasons listed in paragraph 4.1.1.1, the 
point of diversion was selected as the Mulberry Point area south of Vermillion, South Dakota.  Two 
treatment alternatives were considered in 1992: 1) a raw water pipeline that would deliver water to 
existing treatment plants in Vermillion, Beresford, Sioux Falls, Minnehaha Community Water 
Corporation, Madison and a water treatment plant that would be built south of Sioux Falls to 
deliver treated water to the remaining members; and 2) a system with a single water treatment plant 
near Vermillion, South Dakota to serve treated water to all members.  Capital and operating costs 
of the two systems were similar, however the second option made it possible to connect more 
members near the south end of the Water Service Area with a treated water supply.  The single 
water treatment plant option was the selected alternative. 

 
Following the value engineering review, the 1993 Feasibility Study evaluated two types of treatment 
process for a single water treatment facility located near Vermillion to treat raw water from 
collector wells located adjacent to the Missouri River.  The processes included a lime/soda ash 
treatment alternative and an alum/polymer treatment alternative.  The 1993 Feasibility Study 
showed a distinct cost advantage for the lime/soda ash treatment alternative and recommended this 
alternative be advanced for further consideration. 

 
This Final Engineering Report will also include an evaluation of an integrated membrane treatment 
process.  A comparison of the membrane filtration alternative and the lime/soda ash treatment 
alternative is presented later is this section. 

 
4.1.1.3. Transmission Pipeline System 

 
The 1991 project evaluation considered 14 transmission pipeline system alternatives using different 
diversion locations, different treatment options and different concepts for water delivery (raw vs. 
treated).  In fact, many more alternatives were evaluated prior to being included in the early studies. 
 Several routes were considered and rejected due to environmental considerations.  
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Numerous routes were evaluated as well as the best points to connect to some of the larger 
member systems. 

 
The pipeline system was initially evaluated with a capacity of 78 MGD.  Both looped and non-
looped transmission systems were considered.  The least cost alternatives were those using a singe 
water treatment plant and a non-looped pipeline system.  However, a looped distribution system 
was selected in 1991 because it provided improved reliability for delivery of water to member 
systems. 

 
As mentioned in paragraph 4.1.1.1, several items affected the re-evaluation of alternatives in 1992. 
 Membership in Lewis & Clark changed and potential members on the west side of the distribution 
system decided to evaluate other alternatives available to them.  It was decided to focus on a raw 
water source from the Missouri River near Vermillion.  Also, the 1992 value engineering review 
recommended elimination of pipeline looping and the pipeline system was changed to a “branched” 
system. 

 
Later in 1992, as mentioned in paragraph 4.1.1.2, two treatment alternatives were considered: 1) a 
raw water pipeline to deliver water to five existing treatment plants in Water Service Area and to a 
new water treatment plant south of Sioux Falls to deliver treated water to the remaining members; 
and 2) a pipeline system to serve treated water to all members from a single water treatment plant 
near Vermillion, South Dakota. 

 
The single treatment plant option providing treated water to all members was recommended. This 
transmission pipeline system concept was also the recommendation of the 1993 Feasibility Study 
and is further evaluated and refined in this Final Engineering Report. 

 
4.2. Source of Supply 
 

4.2.1. Introduction 
 

The Lewis and Clark Rural Water System seeks to develop a firm capacity water supply of 29 to 32 
million gallons of water per day (MGD) to provide water for communities in South Dakota, Minnesota 
and Iowa.  Firm capacity is defined as the capacity available with the largest well out of service.  The 
new water system will be constructed near the City of Vermillion, in Clay County, South Dakota.  A 
four phase hydrogeologic investigation was conducted.  The purpose of the investigation was to 
determine the potential to develop the required ground water supply, enhanced by induced infiltration 
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from the Missouri River, utilizing a series of horizontal radial collector wells or combination of collector 
well and vertical and angle wells installed along Mulberry Point in the unconsolidated Missouri-Elk Point 
glacio-fluvial aquifer. 

 
4.2.2. Hydrogeologic Conditions – Phase I Investigation 

 
The area of investigation is situated in the Central Lowlands Physiographic Province in the floodplain of 
the Missouri River.  A more in-depth geological description is provided in Layne Christensen Report – 
Phase I Hydrogeologic Investigation for Lewis and Clark Water Supply Project dated January 2001.  
Based on the information, there appears to be a sufficient saturated thickness of permeable 
unconsolidated aquifer material with a good to fair hydraulic connection with the river to support several 
large capacity horizontal type collection wells and vertical and angle wells. 
 
4.2.3. Field Investigations and Test Wells 

 
4.2.3.1. Test Hole Investigation – Phase II 

 
For Phase II investigation, nine test holes were drilled along the Missouri River in April and May 
2001 to identify potential sites for construction of wells.  The test hole locations are shown in Figure 
4.2-1.  Layne Christensen Report – Results of Task 320 Test Drilling for Lewis and Clark Rural 
Water System dated June 15, 2001 provides the detailed results of the investigation which are 
summarized below.  Test hole data shows that Sites B and D (and Site C by inference) located on 
the east bank of the Missouri River and Site J1 located on the north bank of the river and about 
2,500 feet west of the Clay State Recreation area appear to be the most favorable.  The coarsest 
and most well sorted aquifer materials and the thickest section of these materials were encountered 
at these sites and shown in Table 4.2-1, Generalized Well Field Lithology. 
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Table 4.2-1 
Generalized Well Field Lithology 

(Sites B, D and J1) 
 

Depth Below Ground Level 
Lithology 

Site B Site D Site J1 
Surficial deposits of sand and clay 10 Ft 25 Ft 20 Ft 
Fine gray sand 10 Ft to 50 Ft 25 Ft to 70 Ft 20 Ft to 50 Ft 
Coarse sand and gravel 50 Ft to 85 Ft 70 Ft to 80 Ft 50 Ft to 90 Ft 
Coarse gravel and cobbles, and boulders 85 Ft to 110 Ft 80 Ft to 95 Ft 90 Ft to 104 Ft 
Bedrock (Shale) 110 Ft 95 Ft 104 Ft 
 

Sites W and U are considered marginal for well production because of the generally fine-grained 
aquifer materials (Site W), and U because of the intervening clay layers (Site U).  Sites K1, F, V, 
and A are considered least favorable because of the large amount of silt and clay throughout the 
section.  Based on test drilling, Sites B, D and J1 (and Site C by inference), appear most favorable 
for well production. 

 
Site B, which is in the NW ¼ of the NW ¼ of Section 22, T32N, R4E (Nebraska Survey) was 
selected for detailed testing. 

 
4.2.3.2. Test Well Construction and Testing – Phase III 

 
A test well and associated observation wells and a river well point were constructed in August and 
September 2001 at Site B to test the aquifer at this location for Phase III investigation.  The layout 
of the wells is shown in Figure 4.2-2.  The purpose of the test was to confirm hydraulic 
characteristics of the aquifer, recharge potential, yield assessment and ultimately preliminary 
collector well, vertical well and angle well design. 
 
The test and observation well construction are summarized in Table 4.2-2, entitled Site B Well 
Construction Details. 





Lewis & Clark Water Supply Project Final Engineering Report  
 
 

  
Banner/HDR/TRC Mariah 4-11 

Table 4.2-2 
Site B Well Construction Details 

 
Diameter Elevation Screen Interval 

Well Name Borehole 
(inches) 

Screen 
(inches) 

Grade 
(ft. msl) 

Top of 
Casing 
(ft. msl) 

Total 
Depth 

Drilled 
(feet) 

Screen 
Length 
(feet) 

Top 
(ft. msl) 

Bottom 
(ft. msl) 

PW-B 18 12 1142.33 1144.89 89 20 1075.33 1055.33 
P-1 6 2 1139.16 1141.36 105 10 1062.69 1052.69 
P-2 6 2 1138.52 1140.47 110 10 1043.52 1033.52 
P-3 6 2 1141.58 1143.82 105 10 1069.03 1059.03 
R-1 6 2 1142.35 1144.21 105 10 1062.34 1052.34 
R-2 (THB-4) 8 6 1141.92 1144.60 115 10 1066.92 1056.92 
R-2-A 10 6 1142.55 1144.85 100 20 1071.55 1051.55 
R-3 6 2 1142.71 1144.46 105 10 1058.29 1048.29 
L-1 10 6 1142.49 1144.47 105 40 1084.49 1044.49 
River SW Na Na Na 1129.41 Na Na Na Na 
WP-A 2 2 River 

bottom 
1127.13 9 3   

 
Aquifer testing included background monitoring, a 5-hour variable-rate step test, 46.5-hour 
constant-rate test and 24-hour recovery test.  Water samples were obtained from the test well 
discharge at elapsed times of 28 and 46 hours.  Prior to aquifer testing, a temporary discharge 
permit was obtained from the South Dakota Department of Environment and Natural Resources. 
 
Additional details of the test hole program and aquifer test are provided in Layne Christensen’s 
Report of Site B Mulberry Point Hydrogeologic Investigation to Determine Water Supply 
Development Potential From Radial Collector Well dated December 2001, an executive summary 
of that report is included in Appendix B. 
 

4.2.4. Well Supply Development Potential – Phase IV 
 

Phase IV of the hydrogeologic investigation was a detailed aquifer evaluation to determine hydraulic 
characteristics of the aquifer, potential for recharge and induced infiltration from the Missouri River, 
potential long-term sustained well yield under various seasonal and river stage conditions, and 
preliminary well design parameters.  The detailed evaluation is provided in Layne Christensen’s Report 
of Site B Mulberry Point Hydrogeologic Investigation to Determine Water Supply Potential from Radial 
Collector Well dated December 2001. 
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Results of the investigation indicated that the aquifer has a saturated thickness of approximately 93 feet 
thick and is underlain by bedrock at an elevation of approximately 1025-1032 feet msl.  The aquifer is 
unconfined.  Below surficial deposits of fine sand, silt and clay (containing buried trees at some 
locations) is an upper layer of fine to medium sand; a middle layer of fine to coarse sand with variable 
percentages of fine to coarse gravel with few cobbles; and, a bottom layer of cobbles and boulders 
immediately overlying bedrock.  Test drilling, conducted to depths of 100 to 115 feet, generally did not 
penetrate the bottom horizon of the cobbles and boulders because laterals are not generally installed in 
this material. 
 
Conservative analysis of the test results indicated that at Site B the aquifer has a transmissivity of 
152,500 gpd/ft, a hydraulic conductivity of 1640 gpd/ft2 at a discharge temperature of 53°F and a 
storativity of 0.5.  River bottom infiltration capacity and hydraulic connection between the river and the 
aquifer was determined to be good. 
 
The hydrogeologic investigation was conducted for two well field alternatives:  1) using only collector 
wells and 2) using a combination of collector well and vertical and angle wells.  The investigation for 
each alternative is summarized below. 
 

4.2.4.1. Water Supply from Horizontal Collector Wells 
 

Potential yield of a collector well constructed at Site B was estimated for two seasonal conditions of 
static water level/river stage and groundwater discharge temperature and two pumping levels.  The 
estimated yield at Site B is from a minimum of 7.5 MGD for a long-term seasonal low to a 
maximum of 11.2 MGD for the seasonal average.  Estimated collector yield is summarized in Table 
4.2-3, entitled “Estimated Collector Well Yields – Site B”. 
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Table 4.2-3 
Estimated Collector Well Yield – Site B 

 

Estimated Yields 
Condition 1070 FT MSL Pumping 

Level(1) 1060 FT MSL Pumping Level(1) 

Seasonal Average (Test)(2) 7,300 gpm (10.5 MGD) 7,800 gpm (11.2 MGD) 
Seasonal Low(3) 6,000 gpm (8.6 MGD) 6,500 gpm (9.4 MGD) 
Long-Term Seasonal Avg.(2,4) 6,400 gpm (9.2 MGD) 7,000 gpm (10.1 MGD) 
Long-Term Seasonal Low(3,4) 5,200 gpm (7.5 MGD) 5,700 gpm (8.2 MGD) 
Notes: 
(1) Laterals located 10 FT below pumping level in each case. 
(2) Seasonal average = static water level of 1125.2 FT and discharge temperature of 53°F. 
(3) Seasonal low = static water level of 1122.0 FT and discharge temperature of 48°F. 
(4) Long-term yield uses 80 percent of available drawdown. 
 

The area of influence of a single collector well at Site B was evaluated and interference (drawdown) 
was estimated to be between 15 to 20 feet on site.  More information on the area of influence of the 
well is provided in Layne Christensen’s Report dated December 2001. 

 
Preliminary estimates of collector yield from Sites C and D on a stand-alone basis were made 
utilizing the Site B aquifer test results in conjunction with site-specific test boring data.  These 
estimates are summarized in Table 4.2-4, entitled “Preliminary Estimated Well Yields at Sites C and 
D”. 

 

Table 4.2-4 
Preliminary Estimated Well Yields at Sites C and D 

 

Preliminary Estimated Yields (1) 

Condition 
Site C Site D 

Seasonal Average(2) 6,800 gpm (9.8 MGD) 5,400 gpm (7.8 MGD) 
Long-Term Seasonal Avg.(2) 5,900 gpm (8.5 MGD) 4,700 gpm (6.8 MGD) 
Notes: 
(1) Results are preliminary and based on Site B Test Results and represent values on a stand-alone basis for each 

well. 
(2) Static water level = 1125 FT MSL and discharge temperature of 53°F. 
 

A preliminary estimate of the total combined yield of a three (3) collector well system, located at 
Sites B, C and D, is approximately 15,600 to 18,500 gpm (23-26 MGD) under seasonal average 
conditions.  Detailed aquifer testing should be conducted at Sites C and D to determine actual 
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aquifer parameters and to confirm the preliminary yield, drawdown and interference estimates. 
 
The estimated yield potential of 23 to 26 MGD under seasonal average conditions from collector 
wells at Sites B, C and D is less than the firm capacity (capacity with largest collector well out of 
service) required of 29 to 32 MGD.  Two or three additional wells with approximately 14 to 15 
MGD of additional capacity are required to achieve the firm capacity, assuming the well at Site B 
(10 MGD capacity) is out of service. 
 
Sites J1, U and W are located on the northern bank of the Missouri River near the Clay State 
Recreation Area (See Figure 4.2-1).  The aquifer characteristics in this area (based on a single test 
hole) include finer sands and gravels with some clay lenses, therefore will not have as high a yield 
potential as Sites B, C and D.  A test well for all proposed horizontal collector well sites is 
recommended and is needed to establish an estimated capacity for Sites J1, U and W.  However, 
for estimating purposes, the projected capacity of these sites is as summarized in Table 4.2-5 on a 
stand-alone basis (without interference effects from other wells). 

 
Table 4.2-5 

Preliminary Estimated Well Yields at Sites J1, U and W 
 

Preliminary Estimated Yields (1) 

Condition 
Site J1 Site U Site W 

Seasonal Average 4,600 gpm (6.6 MGD) 3,650 gpm (5.3 MGD) 3,650 gpm (5.3 MGD) 
Long-Term Average 4,000 gpm (5.8 MGD) 3,200 gpm (4.6 MGD) 3,200 gpm (4.6 MGD) 
Notes: 
(1) Estimates are very preliminary and a pump test is required to accurately define yield potential.  Yields are on a 

stand-alone basis. 
(2) Long-term yield based on reduced available drawdown. 

 
The difference in design between the two is the pumping level and elevation of the laterals which will be 
confirmed at final design.  Two conceptual designs of the collector well are shown in Figures 4.2-3 and 
4.2-4.  Recommended preliminary design of a 10 million gallon per day (MGD) collector well at Site B 
is a 13 Ft inside diameter by 16 Ft outside diameter (1.5 Ft thick walls) reinforced concrete caisson 
equipped with four (4) 12-inch diameter stainless steel laterals installed in a fan-like pattern.  The 
caisson should extend to a depth of 92 to 102 feet below grade, depending on the location of the 
laterals.  The laterals should average 200 feet long. 
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4.2.4.2. Water Supply from a Combination of Vertical and Angle Wells and Horizontal 
Collector Well 

 
This alternative proposes a series of angle wells, vertical wells and a horizontal collector well to gain 
maximum benefit of both groundwater and groundwater with a good hydraulic connection to the 
river.  In this plan, vertical turbine pumps will be installed in the horizontal collector well and vertical 
wells, while submersible pumps would be installed in the angle wells. 
 
An angle well is constructed at an angle to the horizontal.  The advantage of the angle well as 
compared to a vertical well is the well screen can be installed under the river bottom and gain the 
benefit of river recharge.  A second advantage is the well screen is longer.  These advantages result 
in higher well production as compared to a vertical well. 
 
Both a collector well and two vertical wells could be placed in and near Site B.  This site offers the 
best geology and potential well yield.  The vertical wells should be placed at a minimum 1,000 feet 
north and south of the extent of the collector laterals.  This distance was based on the Distance-
Drawdown plot from the pumping test performed for the Site B collector well investigation.  The 
plan offers the best use of the superior geologic conditions present at the site.  The collector laterals 
are planned for a higher elevation due to the presence of large gravel, cobbles and boulders.  The 
vertical wells will be screened below this elevation to make the best use of the resources at this 
level. 
 
Sites C and D each could be developed using two angle gravel-packed wells at each site.  An angle 
of 20° to horizontal will increase the screen length of 73 feet.  A screen length of only 25 feet would 
be possible in a traditional vertical well.  The well diameter was limited to 24 inches to utilize a 
Barbar rig to construct the well.  The screen casing will be 16 inches or 18 inches if a pre-pack 
screen is used.  In this scenario, collector wells would not be constructed at either site. 
 
Site J1 appears to offer excellent geology, but sand sieve information is not available.  Relying on 
professional experience, a vertical well should be capable of at least 2.8 mgd.  An angle well could 
be capable of more because of the increased screen length but the construction would be 
considerably more difficult because of the presence of cobbles and boulders.  Therefore, as many 
as three vertical wells could be constructed at this site. 
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Two double gravel wall wells could be constructed at Sites W and U.  For each of these sites, the 
recommended well yield was limited by the screen slot possible with a traditional or angle well 
construction.  The double gravel wall will allow the screen slot size to be increased and thus screen 
slot size is not the limiting factor in the well yield. 
 
Table 4.2-6 summarizes the estimated yield for well construction evaluated.  Figures 4.2-5 and 4.2-
6, show conceptual design of vertical and angle wells. 

 
Table 4.2-6 

Estimated Yield By Site 
 

 Estimated Capacity Each Well 
(MGD) 

Cumulative Capacity 
(MGD) 

Site B   

Collector Well 9.2 9.2 

Vertical Well (north) 4.3 13.5 

Vertical Well (south) 3.0 16.5 

Site C   

Angle Well  2.3 18.8 

Angle Well 2.3 21.1 

Site D   

Angle Well 2.3 23.4 

Angle Well 2.3 25.7 

Site J1   

Vertical Well 2.8 28.5 

Vertical Well 2.8 31.3 

Site U   

Double Pack Vertical 2.0 33.3 

Double Pack Vertical 2.0 35.3 

Site W   

Double Pack Vertical 2.0 37.3 

Double Pack Vertical 2.0 39.3 
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4.2.5. Site Stabilization 
 

The Missouri River at the project location is a dynamic system which has experienced channel 
degradation and bank erosion due to variations in river flow, ice jams, etc.  Mechanisms for further 
erosion include continued channel degradation and subsequent lateral migration, which can result in 
outflanking the well structures.  The potential for damage due to ice and debris also exists.  Any design 
must consider these and other factors. 
 
Part of the riverbank was stabilized during construction of South Dakota Highway 19.  The area 
stabilized includes Sites D, E and F as shown on Figure 4.2-1.  The stabilization method was buried 
riprap installed in a trapezoidal section trench.  Sites B, C, J1, U and W were not covered by the 
Highway 19 stabilization.  Sites B and C will most likely need to be stabilized.  Sites J1, U and W are 
on the northern bank around the bend.  They may need stabilization; however, it is much less probable. 
 
Possible remedial measures include rock riprap, permeable dikes, spur dikes, articulated grout filled 
mattresses, brush mat revetment, timber and vegetation bulkheads, sheet piling, or any combination of 
these.  Missouri River bank stabilization measures will require the necessary permits and be subject to 
an environmental review. 
 
4.2.6. Water Quality 

 
Two water samples were collected from the test well at Site B during the aquifer test.  The results of the 
testing show that the water quality is typical of a ground water along the Missouri River.  Selected 
general water quality parameters are summarized in Table 4.2-7. 
 
Based on the water quality from Table 4.2-7, the water can be characterized as hard and well buffered 
with high iron and manganese. 
 
EPA priority pollutants were also analyzed.  These pollutants are either substantially below regulated 
MCLs or below detection limits. 
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Table 4.2-7 
Selected General Ground Water Quality Parameters 

Site B 
 

Parameter Average Value  
Iron 3.2 mg/l 
Manganese 0.4 mg/l 
Hardness 274 mg/l as CaCO3 

Alkalinity 256 mg/l as CaCO3 
Total dissolved solids 547 mg/l 
Arsenic 2.7 ug/l 
Nitrate < 0.1 mg/l 
pH 7.4 units 
Sulfate 209 mg/l 
Temperature 55°F 

 
4.2.7. Water Rights 

 
Lewis & Clark was issued Future Water Use Permit No. 5832-3 with a priority date of July 8, 1994 to 
reserve 27,000 acre-feet of water annually.  The South Dakota Water Management Board approved 
the permit on July 6, 1995.  The permit was approved with the stipulation that the permit is subject to 
review by the Water Management Board as to “accomplishment” seven years after the date of issue – 
in July 2002.  Lewis & Clark has diligently pursued accomplishment of this permit.  A copy of Permit 
No. 5832-3 is included in Appendix A-4. 
 
The Future Use Permit was approved with certain limitations, conditions and qualifications.  The permit 
states: “…5832-2 appropriates 27,000 acre-feet of water annually from 3 radial collection wells, 
(Missouri: Elk Point) 80 feet deep, to be constructed adjacent to the Missouri River …the area is 
known locally as Mulberry Point.”  This area includes Sites A, B, C and D, but not Sites J1, U or W. 
 
Lewis & Clark will apply for another Future Use Permit for wells located in the area north and west of 
the Mulberry Point area to allow appropriation of water from wells at Sites J1, U or W.  It is 
recommended Lewis & Clark request an appropriation of approximately 7,000 to 9,500 acre-feet 
annually from the area north and west of Mulberry Point.  Also, Lewis & Clark will pursue renewal and 
extension of Future Water Use Permit No. 5832-3 during its review in July 2002. 
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4.2.8. Pump Designs 
 

Several pump manufacturers provide a quality pump with similar performance curves.  However, 
important differences such as speed, impeller type, drive type, etc. do exist that must be considered.  
Pump selection should be made at the time of final design when these differences can be evaluated. 
 

4.2.8.1. Horizontal Collector Wells 
 

Each collector well will contain three vertical turbine pumps.  Each pump will have a capacity of 
one-half the well capacity.  Therefore, one pump will serve as a standby. 
 
The estimated pump total dynamic head is 240 feet, assuming a pumping level at each well of 80 
feet below grade, discharge static lift of about 80 feet (difference in grade elevation between the 
well field and proposed water treatment plant site), and pipe headloss (from conveyance of water 
to the proposed water treatment plant) of about 80 feet. 
 
Based on pump performance curves (pump efficiency of 83 percent), a total dynamic head of 240 
feet and an estimated pumping rate of 3,125 gpm (4.5 MGD) per pump, the estimated brake 
horsepower is 230 per pump.  Well capacity is assumed to be 9 MGD for estimating brake 
horsepower.  The probable motor size is 300 HP for each pump. 
 
Pump brake horsepower and total dynamic head will be verified during final design for each specific 
well and pumping rate. 
 
The motor and pump rotating speed should be about 1,770 RPM.  A rotating speed of 1,180 RPM 
will result in a longer service life, but motor costs are higher and delivery requires a long lead time.  
Also at the lower pump speed, more bowl stages are required which increases pump costs as 
compared to higher speed pumps. 
 
In regard to performance curve selection for pump bowls, the smaller diameter impellers with an 
additional stage usually give a steeper curve through the peak efficiency portion.  A steep 
performance curve is desired to maintain a more constant pump output with changes in the total 
dynamic head.  If the pump has a flat curve, pump output will vary considerably with changes in 
total dynamic head. 
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The recommended line shaft lubrication system for the pumps is well water.  When the static water 
level is less than 20 FT, water lubricated pumps work well without a pre-lubrication line.  The need 
for pre-lubrication will be evaluated during final design. 
 
4.2.8.2. Combination of Vertical and Angle Wells and Horizontal Collector Well 
 
The pump design for the collector well and vertical wells will be similar to that discussed in the 
previous section.  However, for the vertical wells, only one pump will be installed and the pump 
capacity will be dictated by the well capacity.  Assuming a total dynamic head of 240 feet as 
discussed in the previous section, brake horsepower for a vertical well pump could vary from 100 
to 200, depending on well capacity. 
 
Angle well pumps will be submersible.  Capacity of the submersible pumps will be based on well 
capacity.  Brake horsepower for the pumps will be about 125.  Pump speed will be 1,770 rpm. 
 

4.2.9. Pump Driver Selection 
 
Pump drivers to be considered include electric motors, engines through a right angle gear drive, and 
combination motor and engine drives. 
 
Electric motors are generally the most common pump drivers because they are familiar to operating 
personnel, have low first costs and are low in maintenance.  Motors are useful throughout the range of 
application sizes with few limitations other than the availability of electricity at a remote site.  However, 
engines through right angle gear drives require specialized operations and maintenance experience, have 
high first costs and maintenance costs, but are desirable at remote sites without electricity.  Adequate 
skilled maintenance is absolutely necessary for reliable engine operation.  Electric motors are the 
preferred pump driver because they have lower first costs and lower maintenance costs as compared to 
engines.  Also, electric power will be available near the well field area. 
 
During final design, the need for variable frequency drives (VFDs) will be evaluated.  VFDs may be of 
benefit to help match well field production with water treatment plant demands. 
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4.2.10. Electrical System 
 

Clay-Union Electric Cooperative will provide electrical power to the well field.  It has been determined 
that the water treatment plant should have a standby capability approximately equal to average day 
demand.  This recommendation is based on a reasonable assumption of major events that could occur 
and impact the facility’s operation. 

 
System storage could be used during power outages.  There are seven proposed storage tank sites in 
the system with a total capacity of 29.5 MG.  In addition, there are 3 MG of storage in the water 
treatment plant clearwell.  If each tank is 70 percent full, 22.75 MG are available during a power 
outage, approximately equal to the 22 to 23 MG required for average day conditions. 

 
Discussions with the power company indicated that the maximum outage at the well field would be less 
than 12 hours, and most outages would be two hours or less.  Based on the estimated quantity of 
system storage available (22.75 MG) and that power outages are expected to be less than 12 hours 
and usually less than two hours, about 16 MGD of the well field capacity will be provided with standby 
power. 

 
The recommendation is made that for the collector well alternative, collector wells at Sites B and C be 
supplied with 500 kW generators with automatic transfer switches.  Standby generators at these two 
well sites will help assure that the minimum standby treatment capacity of the water treatment plant is 
supplied water during the power outage. 

 
The recommendation for the collector well and vertical and angle well alternative is that 750 kW 
standby generators be located at Site B (one collector well and two vertical wells). 

 
Power lines to the water treatment plant site will be overhead lines.  Power lines to the well field will 
also be overhead, however, lines to individual well sites may have to be buried in response to 
environmental concerns.  Final determinations of the need for buried power line segments will be 
determined during final design and will be subject to environmental review. 

 
4.2.11. Telemetry and Control System Description 

 
Power will be fed to each well through locally mounted loop feed switches.  These switches provide a 
means to isolate each well from the electrical distribution system to perform maintenance.  From the 
load side of the loop feed switch, a fusible disconnect feeds a locally mounted transformer used to step- 
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-down the primary system voltage to 480 volt for use at the motor.  A circuit breaker in the secondary 
side feed from the transformer serves as the 480 V service disconnect at the pump station. 
 
Auxiliary equipment at each pump station consists of a motor starter with provisions to power motor 
space heaters; a packaged mini-load center consisting of a transformer to step down the 480 V service 
to 120 V for utilization by the control panel, instrumentation, lights and receptacles; and a local control 
panel.  The control panel includes the remote communications equipment, local indication and control. 
 
The ultimate development of the well field will result in six to thirteen wells being constructed depending 
upon the alternative.  A system of remotely controlling and monitoring these wells is essential.  The wells 
will be controlled remotely from the water treatment plant with the option for local control.  The 
monitoring of various operational parameters will be done at each well and the water treatment plant. 
 
The proposed control and monitoring at each well are described as follows: 
 

?  Pump Control   Run/Stop 
?  Pump Power Failure   Alarm 
?  Pump Motor Overload  Alarm 
?  Well Water Level   0 to 100 ft & Alarms 
?  Pump Operating Pressure  0 to 150 psi 
?  Pumping Rate   0 to 7 mgd 
?  Primary Power Failure  Alarm 
?  HOA Switch “Hand”  Status 
?  HOA Switch “Auto”  Status 
?  Power Consumption   0 to 300 Kw 
?  Standby Generator Failure   Alarm 
?  Standby Generator Status  Run/Stop 

 
4.2.12. Access Road Design 

 
Access to Sites B, C and D will be from State Highway 19.  In general, the access roads will be about 
2 to 3 feet higher than existing grade in the area.  Roads in the floodway will be constructed flush with 
the existing grade to conform with floodway construction requirements.   
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All access roads will be constructed of crushed limestone or gravel 4 inches thick on top of a 
compacted subgrade.  Roads will have a minimum width of 12 feet.  Elevated roads will have 3:1 
backslopes. Each well site will have a parking area for operating personnel and maintenance vehicles. 
 
4.2.13. Opinion of Probable Costs 

 
4.2.13.1. Horizontal Collector Wells 

 
Typical costs for developing horizontal collector wells at Sites B, C and D are provided below in 
Table 4.2-8, entitled “Estimated Collector Well Development Costs”.  The estimated well 
development cost at each site is $2,971,000 with a 750 kW standby generator and $2,931,000 
with a 500 kW standby generator.  The cost of each well without a standby generator is 
$2,781,000. 

 
Table 4.2-8 

Estimated Collector Well Development Costs(1) 

 

Item Estimated Cost 

1.  Collector Well Caisson and Laterals $1,800,000 

2.  Three Well Pumps and Motors $264,000 

3.  Pump House Building $210,000 

4.  Standby Electrical Generator (Exterior – 750 kW) $190,000(2) 

5.  Site Piping $102,000 

6.  Mechanical $60,000 

7.  HVAC $60,000 

8.  Electrical/Instrumentation/VFDs $205,000 

9.  Site Improvements $80,000 

Estimated Cost Per Well Site with Standby Power $2,971,000(2)(3) 

Estimated Cost Per Well Site without Standby Power $2,781,000(3) 

Note: 
(1) Costs do not include site stabilization.  Add $200,000 per site for stabilization. 
(2) Cost for horizontal well with 500 kW generator is $150,000 for generator and $2,931,000 total. 
(3) Costs do not include contingencies. 
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4.2.13.2. Vertical and Angle Wells Costs 
 

Typical costs for developing vertical and angle wells at Sites B, C, D, J1, W and U are provided 
below in Table 4.2-9, entitled “Estimated Vertical and Angle Well Costs”. 

 
Table 4.2-9 

Estimated Vertical and Angle Well Costs 
 

Estimated Cost(1) 

Item 
Vertical Well 

Vertical Well 
Double Gravel 

Pack 
Angle Well 

1.  Well, Casing and Screen $40,000 $74,000 $191,000 

2.  Pump and Motor $90,000 $90,000 $100,000 

3.  Pump House Building $75,000 $75,000 $35,000(2) 

4.  Site Piping $53,000 $53,000 $53,000 

5.  Mechanical $13,000 $13,000 $5,000 

6.  HVAC $13,000 $13,000 $5,000 

7.  Electrical $17,000 $17,000 $8,000 

8.  Site Improvements $40,000 $40,000 $20,000 

Est. Cost Without Standby Generators $341,000(3) $375,000(3) $417,000(3) 

Notes: 
(1) Costs do not include site stabilization.  Add $200,000 per site for stabilization. 
(2) Building will not have pump and motor since pumps are submersible.  However, building will enclose electrical 

switchgear. 
(3) Costs do not include contingencies. 
 

The costs do not include standby power. 
 

4.2.14. Source of Supply Summary of Findings and Recommendations 
 

4.2.14.1. Horizontal Collector Wells Development Plan and Costs 
 

The development plan and costs for a horizontal collector well field alternative are shown below in 
Table 4.2-10. 
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Table 4.2-10 
Well Development Plan and Estimated Costs 

Horizontal Collector Wells 
 

Capacity, MGD Estimated Costs(2) 

Well Site 
Each(1) Cumulative 

Range 
Each Cumulative Costs 

B 9.2 to 10.5 9.2 to 10.5 $2,931,000 $2,931,000 

C 8.5 to 9.8 17.7 to 20.3 $2,931,000 $5,862,000 

D 6.8 to 7.8 24.5 to 28.1 $2,781,000 $8,643,000 

J1 5.8 to 6.6 30.3 to 34.7 $2,781,000 $11,424,000 

U 4.6 to 5.3 34.9 to 40.0 $2,781,000 $14,205,000 

W (if required) 4.6 to 5.3 39.5 to 45.3 $2,781,000 $16,986,000 
Note: 
(1) Based on seasonal average and long-term average estimates.  Only Site B has been tested, therefore, all other 

site capacities are very preliminary. 
(2) Costs do not include contingencies. 

 
The estimated cost to develop a well field using collector wells with a firm capacity of 30 MGD is 
$14,205,000, depending on the actual production from Sites B, C, D, J1 and U.  If the production 
is less than estimated, Site W would be required and the estimated cost would increase to 
$16,986,000. 
 
Two collector wells will be equipped with standby electrical generators to assure that the water 
treatment plant can be furnished with 15 to 17 MGD standby capacity during loss of power. 

 
4.2.14.2. Horizontal Collector Wells and Vertical and Angle Wells Development Plan 

and Costs 
 

The recommended development plan and costs for a well field using a combination of a horizontal 
collector well and vertical and angle wells are shown below in Table 4.2-11. 
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Table 4.2-11 
Well Development Plan and Estimated Costs 

Horizontal, Vertical and Angle Wells 
 

Capacity, MGD Estimated Costs(4) 

Site 
Well Construction Each Site(3) Cumulative Each Site Cumulative 

B One collector well  
Two vertical wells 

9.2 
7.3 

9.2 
16.5 

$2,971,000(1) 

$880,000(2) 

$2,971,000 
$3,851,000 

C Two angle wells 4.6 21.1 $834,000 $4,685,000 

D Two angle wells 4.6 25.7 $834,000 $5,519,000 

J1 Two vertical wells 5.6 31.3 $682,000 $6,201,000 

U Two vertical double pack wells 4.0 35.3 $750,000 $6,951,000 

W Two vertical double pack wells 4.0 39.3 $750,000(1) $7,701,000 
Notes: 
(1) Includes standby electrical generator (750 kW). 
(2) Includes collector piping to connect each vertical well to collector well piping. 
(3) Only Site B has been tested, therefore, other site capacities are very preliminary. 
(4) Costs do not include contingencies. 
 

The estimated cost to develop a well field using a collector well and combination of vertical and 
angle wells with a firm capacity of 30 MGD is $7,701,000.  Wells would be constructed at Sites B, 
C, D, J1, U and W. 

 
Standby electrical generators will be included at Sites B so that about 16 MGD of water could be 
provided to the water treatment plant during a power outage. 

 
4.2.14.3. Recommendations 

 
The estimated cost to develop a well field using collector wells with a firm capacity of 30 MGD is 
$14,205,000.  The estimated cost to install one collector well and a combination of vertical and 
angle wells with a firm capacity of 30 MGD is $7,701,000. 

 
The cost savings to construct a combination of horizontal collector well and vertical and angle wells is 
$6.7 million.  Based on this savings, the recommendation is made to develop the well field using one 
collector well and two vertical wells at Site B, two angle wells at Sites C and D (total of four), two 
vertical wells at Site J1, and two vertical double pack wells at Sites U and W (total of four). 
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4.3. Raw Water Delivery System 
 
The raw water delivery system includes the individual well collector and lateral pipelines and the raw water 
delivery pipeline connecting the well field to the water treatment plant.  Alternatives for the raw water 
delivery system are limited since both ends of the raw water delivery system are “fixed”.  The source end of 
the raw water delivery system is fixed by the location of the various well sites.  The discharge end of the raw 
water delivery system is fixed by the location of the water treatment plant.  The locations of the various wells 
may vary as more is known regarding well development. 
 
Previous and recent evaluations have considered several options regarding raw water sources and delivery 
of raw water. 
 

4.3.1. Alternate Route Evaluation 
 

Previous evaluations have narrowed the focus of Lewis & Clark’s raw water source to a series of wells 
located along Mulberry Point south of Vermillion, South Dakota.  Section 4.2 provides a description of 
investigations and recommendations regarding development of raw water sources along Mulberry Point 
and an area to the northwest of Mulberry point and west of Vermillion.  A general location map of the 
potential well sites and pipeline routes is shown on Figure 4.3-1. 
 
The highest producing well sites are projected to be at Sites B, C and D between Highway 19 and the 
Missouri River.  The design criteria (paragraph 3.1.2.1) for the well system should be the ability to 
deliver approximately 29 to 32 MGD with the highest yielding well in standby mode. It is currently 
envisioned that five to six well sites (with multiple wells) will be required.  The actual number of wells 
and yields will not be known until additional pumping tests have been performed throughout the area of 
the well fields. 
 
The main Raw Water Pipeline would parallel the recently constructed Highway 19 from Site D to the 
intersection of new Highway 19, Highway 50 (the extension of West Cherry and West Main Streets) 
and Timber Road.  Three well sites, Sites B, C and D, would be constructed in the Mulberry Point area 
– Site A is an alternate site.  Pipeline sizes will be based on actual well yields and hydraulic modeling.  
An evaluation will be performed to refine pipeline sizing as additional information regarding well yield is 
developed during the final design phase. 
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The collector and lateral lines from Sites A, B, C and D to the main Raw Water Pipeline would be 
constructed on lands owned and administered by the State of South Dakota through its Department of 
Game, Fish and Parks (SDGF&P).  The Raw Water Pipeline would be constructed in the road right-
of-way for the newly constructed Highway 19 from the Site D lateral to approximately 2 miles north.  
North of the lands owned and administered by SDGF&P, it is recommended the pipeline be 
constructed outside the Highway 19 right-of-way on privately owned lands to facilitate construction, if 
an easement agreement can be obtained. 
 
An early alternative included service of raw water to the City of Vermillion through a 12” diameter 
pipeline from the main Raw Water Pipeline (see Section 4.5.1.2).  The service line would have 
paralleled the new service road from Highway 19 that connects to the south side of Vermillion at West 
Broadway Street.  Raw water would have been delivered to an existing city line to Vermillion’s water 
treatment plant.  Vermillion decided not to participate in the Lewis & Clark project and this alternative 
was dropped from further consideration. 
 
Raw water lines would be constructed from Sites J1, U, and W, see Figure 4.3-1, when system water 
demand indicates the need for the capacity.  These lines would be constructed in easements on privately 
owned land.  This line would join the main Raw Water Line at the intersection of Timber Road and new 
Highway 19.  The arrangement shown on Figure 4.3-1 includes the lateral from Site J1 connecting to 
the lateral from Site U on 460th Avenue between Clay State Recreation Area and Clay County Park 
 
The Raw Water Pipeline would continue northward to deliver water to the water treatment facility 
located north of Vermillion. 

 
4.3.2. Recommended Alternative 

 
As mentioned in the lead paragraph of section 4.3, alternatives regarding the Raw Water Pipeline are 
limited since both ends of the pipeline are fixed.  The alignment of the main Raw Water Pipeline is 
shown on Figure 4.3-1.  When needed to meet raw water demands, the raw water lines and wells at 
Site J1, U and W would be constructed.  It is recommended the wells at Site W be held in reserve and 
would be the lowest priority site to pursue.  Pipeline sizes may vary from the initial sizing, based on 
actual well yields and hydraulic modeling.  An evaluation will be performed as additional information 
regarding well yield is developed. 
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4.3.3. Opinion of Probable Cost for Raw Water Pipeline 
 

The following opinion of probable construction cost includes the Raw Water Pipeline and collector and 
lateral lines to wells at Sites B, C, D, J1, U and W.  The cost of lateral lines from the wells to the 
collector lines is included in the well estimate (Table 4.2-11).  No comparisons are made, and as such, 
this estimate does not include OM&R costs and other analyses.  Also, the following does not include 
costs for contingencies, engineering, legal/administrative costs and other miscellaneous project costs that 
are currently assumed to be the same for all alternatives or will be a percentage of the total construction 
cost.  These items will not impact the comparison of alternatives.  A more detailed evaluation of costs is 
included in Chapter 6. 
 
The opinion of probable construction cost for the Raw Water Pipeline is shown in Table 4.3-1.  Unit 
costs from the 1993 Feasibility Study were used and the resulting sums are indexed to year 2001 costs. 
 The unit pipe costs in the 1993 Feasibility study were evaluated and the unit costs were found to be 
applicable, with indexing.  Pipe materials used for this opinion included ductile iron pipe and steel pipe.  
The costs were based on a review of bid tabulations of similar rural water systems in South Dakota, bid 
tabulations for large diameter pipe projects in the region, cost estimating guides and contacts with 
suppliers. 
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Item Description
Total 

Quantity  1
Units Unit Cost   2 Cost   2

1 54" Pipeline 36,200         L.F. 230$              8,326,000$         
2 48" Pipeline 3,400           L.F. 192$              652,800$            
3 42" Pipeline 1,700           L.F. 155$              263,500$            
4 36" Pipeline -               L.F. 122$              -$                   
5 30" Pipeline 2,100           L.F. 94$                197,400$            
6 24" Pipeline 5,100           L.F. 72$                367,200$            

9,806,900$         

8 36" Pipeline 13,300         L.F. 122$              1,622,600$         
9 30" Pipeline 2,200           L.F. 94$                206,800$            

10 24" Pipeline 7,200           L.F. 72$                518,400$            
11 20" Pipeline 4,500           L.F. 58$                261,000$            

2,608,800$         

12,415,700$       

16,048,000$       

Notes:
1   Pipeline lengths are measured from USGS quad maps without adjustment.
2   Unit cost and extended cost shown in table are 1993 costs.
3   Cost Index Factor 10/93 to 10/01 = 1.292559 (see Chapter 7)
4   This estimate does not include pipe to Site A

Total Cost - Raw Water Pipeline Indexed to October 2001 3   

Table 4.3-1
Opinion of Probable Construction Cost

Raw Water Pipeline (does not include well laterals)

Main Raw Water Pipeline 4

Northwest Area Raw Water Lines

Unadjusted Subtotal   

Total (1993 Cost) - Raw Water Pipeline   

Unadjusted Subtotal   
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4.4. Water Treatment Facilities 
 
Design of the Lewis & Clark water treatment facilities will take into consideration the water demands and 
potential issues related to the Safe Drinking Water Act (SDWA) and aesthetics.  As summarized in Chapter 
2, projected demands for design year 2030 are as follows: 
 

?  Maximum Month Average 28.6 mgd (includes an allowances for transmission pipeline system 
losses); 

?  Average Annual Day 22 to 23 mgd 
 

4.4.1. Water Quality Requirements 
 

The finished water from the Lewis & Clark Water Treatment Plant (WTP) must meet the requirements 
of the SDWA.  Of primary concern for the raw water is that it will be considered as groundwater under 
the direct influence of surface water (GWUDI).  Therefore, there are issues regarding maximum 
contaminant levels (MCLs) under the SDWA, specifically those related directly or indirectly to turbidity, 
pathogens, and organic materials that must be considered.  Since the water will be taken from wells 
near the Missouri River, it is probable that groundwater will contain concentrations of iron, manganese, 
and total dissolved solids above the secondary maximum contaminant levels (SMCLs).  The treatment 
plant will be designed to lower the levels of these constituents below the SMCLs. 

 
Table 4.4-1 summarizes several key finished water quality goals and the respective primary or 
secondary drinking water regulation for each constituent included. 

 
4.4.2. Treatment Process Alternatives 

 
The main treatment processes for the Lewis & Clark WTP will provide removal and reduction of the 
following: 

 
?  Turbidity 
?  Pathogens 
?  Disinfection-by-product (DBP) precursors  
?  Hardness 
?  Total dissolved solids 
?  Iron and manganese 
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Table 4.4-1. 
Key Finished Water Quality Goals 

Current SDWA Regulations 
Constituent 

Finished Water 
Quality Goals Primary Drinking 

Water Regulation 
Secondary Drinking 
Water Regulation 

Total Hardness(1) 125 mg/L - - 
Turbidity 0.2 NTU 0.3 NTU - 
Iron Trace (<0.01 mg/L) - 0.3 mg/L 
Manganese Trace (<0.01 mg/L) - 0.05 mg/L 
pH 7.5-9.0 - 6.5-8.5 
Alkalinity(1) 50 – 100 - - 
Total Dissolved Solids 350 – 450 - 500 – 1000 mg/L 
Sulfates 150 – 200 500 mg/L(2) - 
Chloride 10 – 20 - 250 mg/L 
Fluoride 1.0 – 1.5 4 mg/L - 
Nitrate (as N) <0.5 10 mg/L - 
Giardia 3-log inactivation 3-log inactivation - 
Viruses 4-log inactivation 4-log inactivation - 
Cryptosporidium 2-log inactivation 2-log inactivation - 
Total Coliform 0 0 - 
Fecal Coliform 0 0 - 
E. Coli 0 0 - 
 
1.  Units expressed as calcium carbonate. 
2.  Currently being reviewed. 
 

To meet these treatment process requirements, the 1993 Feasibility Study evaluated the use of 
conventional filtration with either lime/soda ash treatment or alum/polymer treatment.  The 
recommended treatment process alternative from the 1993 study was conventional filtration with 
lime/soda ash treatment.   

 
This study includes the further development of the conventional softening and filtration treatment 
alternative and the evaluation of an additional treatment alternative, membrane filtration.  Membrane 
technology has improved, and the capital costs have decreased significantly in the last several years.  
Both processes were selected because of their ability to provide reduction in the constituents list above 
and meet the water quality goals included in Table 4.4-1.  A lifecycle cost analysis will be completed for 
comparison of conventional technology versus membrane filtration. 
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4.4.2.1. Membrane Filtration 
 

The membrane separation process employs the use of semi-permeable membranes, which are 
selectively permeable to water and certain solutes, to separate impurities from water.  Membranes 
are classified by the driving force for separation, which includes:  pressure, electrical voltage, 
temperature, concentration gradient, or a combination of one or more driving forces.  The degree of 
purification is dictated by the type of membrane, the type and level of driving force, and the 
characteristics of the water being treated. 

 
Membrane systems typically used for potable water treatment are the electrically-driven or 
pressure-driven type.  Electrical voltage-driven membranes include electrodialysis (ED) and 
electrodialysis reversal (EDR).  Pressure-driven membranes fall into two general categories: low-
pressure systems, which include microfiltration (MF) and ultrafiltration (UF); and high-pressure 
systems, which include nanofiltration (NF) and reverse osmosis (RO).  The primary difference 
between the pressure-driven types of membranes is the size of the pores in the membrane material, 
which affects the separation capacity and operating parameters such as the pressure requirement 
and fouling potential.  A description of each type of pressure-driven membrane follows: 

 
?  Microfiltration – This membrane has a typical pore size of 0.2 microns (? m).  It is best 

suited for removal of particles having sizes ranging from 0.05 to 0.2 ? m including 
particulate, turbidity, suspended solids, bacteria, and protozoan cysts such as 
Cryptosporidium and Giardia.  This membrane operates at low pressures of approximately 
3 to 30 psi transmembrane pressure (TMP).  TMP is defined as the pressure loss across 
the membrane. 

 
?  Ultrafilation – This membrane has a typical pore size of about 0.002 to 0.05 ? m.  UF is 

often used for removal of macromolecules, colloids, bacteria, protozoa, and viruses.  They 
generally operate in the 20 to 50 psi TMP range. 

 
?  Reverse Osmosis/Nanofiltration – RO membranes are capable of the finest separations and 

are used for softening, chemical recovery, desalination, nitrate removal, sulfate removal, and 
radionuclide removal.  NF, sometimes called “leaky reverse osmosis”, is closely related, 
capable of some softening and removal of color, DBP precursors, pesticides, metals, and 
viruses.  The “tightness” of the membrane is described in terms of Molecular Weight Cutoff 
(MWCO) and percent rejection of certain ionic substances such as salt.  In many cases, 
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chemical pre-feed and proper pretreatment are critical in maintaining plant operation by 
minimizing fouling.  RO membranes operate in the 200 to 500 psi TMP range for most 
municipal applications. NF membranes typically operate in the 60 to 200 psi TMP range. 

 
The goal of membrane filtration for the Lewis & Clark WTP is primarily hardness reduction. 
Therefore, the emphasis of this evaluation has been placed on NF.  This type of membrane system 
will provide reduction in hardness, while minimizing pressure requirements and fouling potential 
when compared with RO systems. 
 

4.4.2.1.1. General Treatment Process 
 

The membrane treatment scheme includes oxidation/filtration for the removal of iron and 
manganese prior to split treatment with nanofiltration for hardness reduction.  The reject water 
is treated in a reverse osmosis unit to improve the product water ratio.  An alternative includes 
waste thickening and discharge for the sidestream flow.  Figure 4.4-1 summarizes the 
membrane treatment alternative with the reverse osmosis system for sidestream treatment.  
Figure 4.4-2 is a similar membrane option without the sidestream treatment alternative.  The 
sidestream treatment option will be evaluated for the cost effectiveness of increasing the 
product water ratio. 
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4.4.2.1.2. Membrane Pretreatment Requirements and Fouling Control 
 

Raw water pretreatment may be required prior to nanofiltration for a number of reasons. The 
NF process requires turbidities of typically less than one NTU and silt density index (SDI) of 
less than three.  Pretreatment conditions the feed water to allow the membranes to operate 
effectively and reduces and/or prevents membrane plugging, fouling, and scaling.  In doing so, 
membrane cleaning is reduced, and the life of the membranes is prolonged.  Some of the 
scaling and fouling concerns for NF systems include: 

 
?  Calcium carbonate scale 
?  Sulfate scale 
?  Silica scale 
?  Microbial fouling 
?  Hydrogen sulfide (colloidal sulfur fouling) 
?  Iron and Manganese fouling 

 
The type and extent of pretreatment required depends on the feed water quality, membrane 
type, and design/operational criteria for the membrane system.  The Lewis & Clark raw 
groundwater is expected to have significant levels of iron and manganese, and this type of 
fouling is the greatest concern for this application.  Only the oxidized form of iron and 
manganese poses a threat of fouling for NF systems as the reduced forms do not cause fouling 
and are rejected.  The relatively shallow depth of the groundwater wells and long raw water 
transmission main indicate a potential for a significant concentration of iron and manganese in 
the oxidized form.  Therefore, the removal of these particles using a pretreatment system will 
be required to prevent fouling of the membranes and provide reliable operation. 

 
Chemical addition may also be required as pretreatment of raw water prior to NF treatment 
systems.  Chemical pretreatment for NF systems includes pH adjustment and the addition of 
antiscalant to reduce the extent of precipitation and scaling in the membrane system. 
 
Basis of Design 

Oxidation 
The iron and manganese removal system will include oxidation, detention and filtration.  
Oxidation will include aeration, primarily for iron, and chemical addition.  A 
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detention/flocculation basin will be provided so that the oxidation reactions are complete and 
to allow the manganese particle to increase in size.  Adequate baffling to prevent short 
circuiting will be provided. 

 
Manganese is more difficult to oxidize compared to iron because of slower oxidation kinetics.  
Powerful oxidants such as ozone, chlorine dioxide, or potassium permanganate can be used 
for this purpose.  Permanganate is the least expensive oxidant alternative and is proposed for 
the Lewis & Clark WTP.  The oxidation of dissolved iron and manganese by permanganate 
occurs through the following chemical reactions: 

 
3Fe2+ + KMnO4 + 7H2O → 3Fe(OH)3(s) + MnO2(s) + K+ + 5H+ 
3Mn2+ + 2KMnO4 + 2H2O → 5MnO2(s) + 2K+ + 4H+ 

 
The stoichiometry of these equations are such that 0.94 mg of KMnO4 is required to oxidize 1 
mg of Fe2+ and 1.92 mg of KMnO4 is required to oxidize 1 mg of Mn2+.   
 
Detention/Flocculation 
A detention/flocculation basin with adequate baffling will be provided to allow the oxidation 
reactions to go to completion and to allow the flow to increase in size. 
 
Filtration 
The resulting precipitates from the oxidation of iron and manganese will be subsequently 
removed by filtration.  A number of alternatives were considered for filtration pretreatment at 
the Lewis & Clark WTP including the following: 

 
?  Microfiltration 
?  Ultrafiltration 

-  Rapid-rate gravity filtration 
-  Granular media 

?  Greensand 
?  Pressure filtration 

-  Granular media 
-  Greensand 
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Both membrane filtration processes (MF and UF) have considerable higher capital and 
operating costs than the gravity and pressure filtration alternatives.  Therefore, these processes 
were not considered further for pretreatment. 

 
Manganese Greensand has the ability to provide filtration and to absorb and catalyze the 
oxidation of iron and manganese without the need for chemical addition and 
detention/flocculation.  However, because of greensand’s small size, the hydraulic loading 
rates must be kept low and the filters usually have shorter filter runs.  Because of the reduced 
hydraulic loading rate (~60% of granular media) the overall area of the filters increases.  The 
additional filter area is more costly than a detention./flocculation basin and will not be 
evaluated further. 
 
Pressure filtration is similar to gravity filtration except that flow enters and exits under pressure. 
 Pressure filters are normally used in small water systems and industrial applications due to 
energy requirements associated with pressurizing large volumes of water.  For these reasons 
Rapid rate gravity filters are recommended to remove oxidized Iron and Manganese. 
 
The filtration pretreatment system will be designed in accordance with the Ten States 
Standards.  Key design criteria from these standards are summarized in Table 4.4-2. 
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Table 4.4-2. 
Filtration Pretreatment System Design Criteria 

Design Parameter Ten States Design Criteria Recommended Criteria 
Aeration 1-5 gpm/sq of tray 3 gpm/sf 
Detention/Flocculation 20 minutes 20 minutes 
Rate of Filtration Determined based on consideration 

of raw water source, extent of 
pretreatment, and type of media. 

5 gpm/sf @ Max Loading 
 

3gpm/sf @ Ave. Loading 
Number  Minimum of two units, each 

capable of meeting plant design 
capacity. 
When more than two units are 
provided, filters must meet plant 
design capacity with one filter out 
of service. 

8 units 

Backwash Rate Minimum of 15 gpm/sf of filter 
surface area.  Rate of 22 gpm/sf 
or rate sufficient to provide 50% 
expansion of filter is 
recommended. 

22 gpm/sf 

Air Scour 3-5 standard cfm/sf of filter 
surface area. 

3 scfm/sf 

 
Based on the design criteria above, Table 4.4-3 summarizes the number and sizing of filters 
required for pretreatment at the Lewis & Clark WTP. 
 

Table 4.4-3. 
Filtration Pretreatment System Sizing 

Sizing 
Item with sidestream 

treatment 
without sidestream 

treatment 
Aeration (SF) 7,080 7,460 
Detention/Flocculation (gal) 425,000 447,200 
Filters Max 

Flow/Load 
Average 

Flow/Load 
Max 

Flow/Load 
Average 

Flow/Load 
Number of Units 8 8 8 8 

Capacity per Unit (mgd) 4.37 3.51 4.60 3.72 
Total Capacity(1) (mgd) 30.6 24.6 32.2 26.0 

Surface Area (ft2) 606 812 639 861 
Backwash rate (gpm) 13,332 17,870 14,055 18,950 

1.  Total capacity with 7 filters in operation and one filter on standby. 



Lewis & Clark Water Supply Project Final Engineering Report  
 
 

  
Banner/HDR/TRC Mariah 4-46 

Filter Backwash Handling 
Backwash generated by the filter cleaning process will flow by gravity to a backwash reclaim 
basin.  Backwash will be at a high rate and periodic.  Table 4.4-4 summarizes the design 
criteria and sizing for the filter backwash drainage system. 

 
Table 4.4-4. 

Pretreatment Filter Backwash Handling 

Sizing 
With Sidestream Treatment Without Sidestream Treatment 

 
Item 

Max Flow Ave Flow Max Flow Ave Flow 
Backwash Flowrate  13,322 gpm 17,870 gpm 14,055 gpm 18,950 gpm 
Maximum Flow Velocity  5 fps 5 fps 
Minimum Pipe Diameter  36 inches 42 inches 36 inches 42 inches 
 

Backwash Reclaim Basin 
The backwash reclaim basin acts as a storage and equalization structure for filter backwash 
water.  The basin will be designed to separate the initial backwash water, which contains more 
solids, and the final backwash water.  The high solids water will be wasted and the cleaner 
supernatant will be returned to the head of the WTP.  Table 4.4-5 summarizes the design 
criteria and sizing for the filter backwash reclaim basin. 

 
Table 4.4-5. 

Pretreatment Filter Backwash Reclaim Basin 

Sizing 
With Sidestream Treatment Without Sidestream Treatment 

 
Item 

Max Flow Ave Flow Max Flow Ave Flow 
Backwash Volume  266,640 gal. 357,400 gal. 281,100 gal. 379,000 gal. 
Storage Criteria  2.5 X Volume 2.5 X Volume 
Basin Size  666,600 gal. 893,500 gal. 702,750 gal. 947,500 gal. 
Constant Discharge flow 
(based on 3.5 backwashes 
per day) 

650 gpm 870 gpm 685 gpm 920 gpm 

 
Additional Pretreatment Considerations 

Most membrane applications require pretreatment, other than iron and manganese removal, to 
provide effective, reliable treatment and to minimize plugging, scaling or  
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fouling.  Many of the additional pretreatment options are manufacturer specific.  Pretreatment 
processes include: 

 
?  Suspended Solids Removal – Manufacturers typically specify limits for RO or NF 

systems either in terms of turbidity (normally less than 0.2 NTU or maximum of 1 
NTU) or silt density index (generally less than 2).  A fine mesh cartridge filter system 
is used ahead of the membranes. 

 
?  Scale Control – High concentrations of compounds such as CaCO3, CaSO4 or 

S1O2 can lead to scale formation because the high solute concentration can exceed 
the solubility product of certain compounds.  Scaling control includes one or more of 
the following:  acid/base addition to adjust pH/alkalinity; antiscalant, influence 
solubility; or reduced recovery to lower solute concentrations. 

 
?  Microbiological Control – Disinfectant may be used but the groundwater source 

should not require regular use.  Cleaning agents are used by nearly all manufacturers 
to remove biofilms. 

 
?  Organics Control – Organics can foul membranes, but cleaning agents facilitate 

removal.  Some organic materials can bind to the membrane and damage or shorten 
membrane life. 

 
?  pH Control – May be required dependent upon the type of membrane material.  

The manufacturer must recommend acceptable pH range. 
 

As indicated above, the requirements vary between manufacturers and all membranes should 
be pilot tested prior to design and full scale application to allow verification of requirements 
and design parameters.  Preliminary evaluation by the manufacturers include the following 
items as a minimum: 

 
?  Fine mesh (5 micron) cartridge filters 
?  Chemical addition for pH control 
?  Antiscalant for solubility 
?  Cleaning agents 
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4.4.2.1.3. Membrane System 
 

Purpose 
The main purpose of the nanofiltration system is to provide softening of a portion of the 
treatment flow. In addition, NF membranes remove a large percentage of the inorganic 
content, organics and other VOC/SOC compounds such as pesticides.  Approximately 50% 
of the total flows will be treated with the NF membranes to achieve the finish water quantity 
goals.   

 
Basis of Design 
The design parameters of NF/RO systems vary significantly dependent upon the materials 
used by the manufacturers and feed water characteristics.  Pilot testing must be completed to 
best determine the design criteria.  However, for alternative screening purposes, several 
manufactures provided preliminary criteria for the performance and estimated cost of 
membranes.  These criteria are summarized in Table 4.4-6 

 

Table 4.4-6. 
NF Design Criteria 

Item Sizing 
Average Permeate Flux 10-15 gal/sf/day 
Transmembrane Pressure 100-150 psi 
Primary NF Recovery Percent 80-85% 
Primary NF Trains 6 
Primary NF Capacity/Train 2.25 MGD 
Sidestream RO Recovery Percent 50% 
Sidestream RO Trains 3 
Sidestream RO Capacity/Train 0.38 MGD 

 
Membrane Water Quality 

Feed water is split into two portions by the membrane treatment process, permeate and 
concentrate.  The permeate is the high quality water that will be blended with the bypass water 
to form the finished water.  Concentrate or reject is the wastewater produced by the 
membrane filtration process.  The permeate and concentrate quality is highly dependent on the 
membrane manufacturer, membrane material, operating conditions and feed water quality.  
Prior to final design, pilot testing should be completed to better determine the finished and 
waste water quality.  For purposes of this report, estimated feed water quality was provided 
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to several membrane manufacturers.  The manufacturers modeled the process with their 
membranes.  Table 4.4-7 summarizes estimated water quality parameters of both the 
permeate and concentrate. 

 
Table 4.4-7. 

Membrane Permeate and Concentrate Water Quality 

Parameter Estimated Raw Permeate Concentrate 
Total Hardness, mg/L(1) 250 18-39 1454-2394 
Alkalinity, mg/L(1) 160 52-107 518-1307 
TDS, mg/L 500 79-207 2724-4981 
Sulfate, mg/L 200 1.7-18 1263-2016 
pH 6.5-8.5 6.9-7.8 8.3-8.5 

(1) Expressed as mg/L CaCO3 

 
4.4.2.1.4. Waste Handling and Disposal 

 
Purpose 

As described previously, wastewater will be generated by the membrane treatment process.  
The waste amount and characteristics will vary depending on the treatment alternatives and 
whether or not reverse osmosis will be used as a side stream treatment process for the 
nanofiltration waste.  Waste from the Lewis & Clark WTP could be handled by either direct 
discharge to the Missouri or Vermillion rivers or by complete retention on site using 
evaporation ponds.   

 
A sewer would need to be constructed to directly discharge waste to either river.  The 
Vermillion River is closer to all of the proposed WTP sites, and in many cases allows higher 
levels of contaminants be discharged into the river.  Because of these reasons the Vermillion 
river will be used as a discharge point for these analyses.  Discharge will also require a 
National Pollutant Discharge Elimination System (NPDES) permit be obtained from the State 
of South Dakota, Department of Natural Resources (DENR) and will have to meet the in 
stream contaminant standards for each stream. 

 
Evaporation or total retention ponds are designed to evaporate 100% of the wastewater 
without need for discharge.  Evaporation is dependent on local geography and climate.  In 
addition to evaporation, a portion of the water is lost through seepage.  Seepage can be a 
significant portion of the overall water loss and is dependant on state regulations. 
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Basis of Design 

The design parameters for gravity sewers will be based on the Ten States Standards for 
wastewater facilities.  Design criteria include a minimum flow velocity of 2.0 ft/sec to avoid 
solids deposition.  Table 4.4-8 outlines the sizing of the sewers for the Lewis & Clark WTP. 

 
Table 4.4-8. 

Waste Sewer Design Criteria 

Item Sizing 
Minimum Velocity 2.0 ft/sec 
Maximum Waste Flow Without Side Stream Treatment  2.80 mgd 
Minimum Sewer Diameter Without Side Stream Treatment 18 inches 
Maximum Waste Flow With Side Stream Treatment 1.30 mgd 
Minimum Sewer Diameter With Side Stream Treatment 12 inches 

 
Design parameters for evaporation ponds include rainfall, evaporation rate and seepage. Data 
for annual rainfall and evaporation rates was taken from United States Department of 
Agriculture as reprinted in Soil and Water Conservation Engineering by Schwab, 1993.  The 
DENR allows a seepage rate of 1/8 inch per day for single cell evaporation ponds.  These 
criteria and pond sizing are summarized in Table 4.4-9. 

 
Table 4.4-9. 

Evaporation Pond Design Criteria 

Item Sizing 
Annual Precipitation 29.5 inches 
Annual Evaporation 44.9 inches 
Net Evaporation 15.4 inches / year 
Seepage rate 1/8 inches / day 
Average Waste Flow Without Side Stream Treatment 2.00 mgd 
Evaporation Pond Area Without Side Stream Treatment 445 acres 
Average Waste Flow With Side Stream Treatment 0.98 mgd 
Evaporation Pond Area With Side Stream Treatment 220 acres 

 
4.4.2.1.5. Chemical Storage and Feed Systems  

 
In order for the Membrane treatment system to function properly several chemicals are 
required.  These chemicals must be fed at the appropriate doses.  Additionally, the WTP will 
need to store at least a 30-day supply of chemical at maximum month flow conditions.  Table 
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4.4-10 summarizes the chemicals used, dose, and storage requirements.  Each chemical is 
described further in this section. 

 
Table 4.4-10. 

Chemical Usage Requirements 

Chemical 
Average 
Dosage 
(mg/L) 

Maximum 
Month 

Flow (mgd) 

Feed 
Rate 

(lbs/day) 

30-day 
Storage (lbs) 

With Sidestream Treatment 
Potassium Permanganate (97%) 6 30.6 1,580 47,400 
Hydrofluosilicic Acid (18%) 1 28.6 1,325 39,800 
Without Sidestream Treatment 
Potassium Permanganate (97%) 6 32.2 1,660 49,800 
Hydrofluosilicic Acid (18%) 1 28.6 1,325 39,800 

 
Potassium Permanganate 

Potassium permanganate is a strong oxidizing agent and is one of the more commonly used 
oxidants in water treatment.  It can be used in the oxidation of iron and manganese as well as 
substances that lead to color, taste, and odor problems.  The primary use of potassium 
permanganate for the Lewis & Clark WTP will be to oxidize iron and manganese so that they 
will be removed in the filtration system.  Secondary benefits of potassium permanganate 
treatment will include reduction of color, taste, and odor. 

 
Hydrofluosilicic Acid 

The addition of fluoride to public water supplies is for the purpose of preventing dental caries 
in consumers.  It has long been used as a health practice in the United States and many other 
countries. 

 
Powdered Activated Carbon (PAC) (Future) 

Powdered Activated Carbon (PAC) has long been used in the water treatment industry for 
removal of organics associated with color, taste, and odor.  Although the raw water for the 
Lewis & Clark WTP will be taken from wells, it is possible that relatively significant 
concentrations of organics will be present since the water will be influenced by the Missouri 
River.  If color, taste, and odor problems are encountered in the source water, PAC will be 
used in the treatment process to remove organics. 
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Powdered Activated Carbon (PAC) is used to remove taste and odor from water supplies 
typically associated with changes in temperature and spring snowmelt.  PAC can also be used 
to remove color or organics.  PAC may be added to the Lewis & Clark WTP in the future if 
the need arises.  Addition of PAC dosing and mixing facilities would be required.  The existing 
filters will remove the spent PAC from the water. 

 
Antiscalant (Manufacturer Recommendation) 

The concentrations of contaminants in the membrane feed water increases as the membrane 
system is operated.  This increase in solute concentrations can exceed the solubility product of 
certain compounds leading to scale formation.  Scale can reduce product water flux, decrease 
permeate quality and could possibly damage the membranes. 
 
Pretreatment to control scaling can include acid or base addition to adjust the pH and 
alkalinity.  Also, membrane manufacturers have developed their own proprietary antiscalant 
chemicals.  Membrane manufacturers recommend the type and dose antiscalants to match 
their systems.  At this point pilot testing will need to be completed in order for a proper 
antiscalant to be recommended. 
 
Membrane Cleaning Chemicals (Manufacturer Recommendation) 

Chemical cleaning systems are a low pH (<3.0) chemical used to remove any scale that builds 
up on the membranes as a result of the high solute concentrations at the membrane surface.  
Like antiscalants, membrane cleaning chemicals are often dependent on manufacturer’s 
requirements and can be proprietary chemicals.  The cleaning chemicals that will be used for 
Lewis & Clark WTP will be based on manufacturer’s recommendations and pilot testing. 
 
Permeate pH Adjustment (Manufacturer Recommendation) 

Nanofiltration systems remove a large portion of the inorganic constituents from the water, 
which can make the permeate highly corrosive.  To control corrosion Sodium Hydroxide can 
be used to raise the pH.  The extent of pH adjustment and chemicals to use are dependent on 
the manufacturer’s recommendations. 
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Disinfection Chemicals 

The method of disinfection to be used at the Lewis & Clark WTP will be evaluated in a 
subsequent section of this report.  Therefore, chemical requirements for disinfection will be 
discussed in detail in that section. 

 
4.4.2.1.6. Clearwell and High Service Pumping 

 
Clearwell 

The clearwell at the Lewis & Clark WTP will have three main functions: 
 

?  Storage volume for filter backwash needs, 
?  Storage for equalization of the treatment plant production, 
?  Disinfection contact requirements (CT). 

 
Filter backwash water will be pumped from the clearwell to the filters during backwash. As 
discussed previously, the filter backwash volumes range from 266,640 gallons to 379,000 
gallons depending on the treatment scheme and filter design.  Therefore, the clearwell will need 
to have that much storage reserved for filter backwash. 

 
Equalization of any flow changes in plant production and high service pumping is another 
function of the clearwell.  In many treatment facilities, the clearwell volumes for pumping 
equalization range from 5 to 10 percent of the overall plant capacity.  For the Lewis & Clark 
WTP however, the maximum production and average day production are very close, 23 mgd 
and 28.6 mgd respectively, therefore the need for storage will be at the low end of the range.  
A 5 percent of production capacity or a minimum of 1.5 million gallons will be sufficient for 
equalization. 

 
Disinfection clearwell requirements are dependant on treatment alternative and will be 
described in section 4.4.2.3. 

 
High Service Pumping 

High service pumps move the treated water from the clearwell to the distribution system.  For 
the Lewis & Clark WTP the maximum flow from the plant will be 28.6 mgd.  According to the 
Ten States Standards, the high service pumps must be able to pump the maximum flow with 
one pump out of service.  Seven pumps are recommended, each with a capacity of 4.77 mgd  
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560 feet (242 psi) of total dynamic head.  With this configuration, six pumps will handle the 
flow with one out of service. 

 
4.4.2.2. Conventional Treatment (Lime Softening) 

 
4.4.2.2.1. General Treatment Process 

 
The proposed conventional treatment option includes the following major treatment processes. 

 
?  Lime softening 
?  Recarbonation 
?  Filtration 
?  Fluoridation 
?  Disinfection 

 
The proposed process schematic is shown in Figure 4.4-3. 
 
4.4.2.2.2. Rapid Mix 

 
Purpose 

Rapid mix basins will be provided upstream of the softening units or in the rapid mix zone of 
solids contact units to quickly disperse coagulant chemicals into the raw water flow stream. 
 
Basis of Design 

Rapid mix basins will be designed in accordance with the Ten States Standards.  Design 
criteria include equipping the basins with mechanical mixers and providing a maximum 
detention time of 30 seconds.  Sizing of the rapid mix basins for the Lewis & Clark WTP is 
shown in Table 4.4-11. 
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Table 4.4-11. 
Rapid Mix Basins Sizing 

Item Sizing 
Number of Units 2 
Capacity per Unit 15.1 mgd 
Total Capacity 30.2 mgd 
Detention Time 0.5 minutes 
Volume per Unit 5,243 gallons 

 
Solids contact softening basins include a rapid mix section; therefore a separate basin would 
not be necessary if solids contact softening basins are used. 

 
4.4.2.2.3. Softening Basins  

 
Purpose 

The goal of the softening units is the reduction of hardness, iron, manganese, turbidity, and 
color from the raw water with the addition of chemicals.  The chemicals used cause the 
coagulation of these particles.  After coagulation, the particles are flocculated such that they 
reach a size that will settle from the water.  The settled particles form sludge that is removed 
from the system.  Particles not removed by settling are removed by the filters.  In addition, the 
softening process provides the secondary benefits of the removal of other trace elements in the 
water and provides some degree of pathogen removal. 

 
Basis of Design 

Softening basins can be separated into three process components consisting of   
 

?  Rapid mixing 
?  Flocculation 
?  Sedimentation. 

 
The options available for the softening basin types to be used at the Lewis & Clark WTP fall 
into two categories: conventional flocculation/clarification units and solids contact flocculation/ 
clarification units.  For conventional layouts, the three process components are represented by 
three separate structures.  For solids contact units, these components all occur within one 
basin by the solids contact clarifier equipment.  Both types of softening basins would be able 
to accomplish the desired softening for the Lewis & Clark WTP; however, the solids contact  
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units will be able to accomplish this more efficiently and at a lower capital and operating cost.  
Solids contact units perform better on low turbidity waters because the large amount of 
internal recirculation will allow better floc formation with less chemical addition than would be 
accomplished with a conventional unit.   

 
The design criteria to be used in the design of the softening basins are the Ten States 
Standards.  The Ten States Standards design criteria and the recommended criteria to be used 
at Lewis & Clark WTP are presented in Table 4.4-12. 

 
Table 4.4-12. 

Solids Contact Basins Design Criteria 

Design Parameter Ten States Design Criteria Recommended Criteria 
Mixing 

Equipment Provide as required for adequate 
mixing of the chemicals. 

 

Flocculation 
Minimum Detention Time 30 minutes 30 minutes 
Equipment Variable Speed Drive Impellers  
Tip Speed on Impeller 0.5 to 3.0 fps  

Sedimentation 
Minimum Detention Time 1 to 2 hours for groundwater 

2 to 4 hours for surface water 
2 hours 

Maximum Upflow Rate 1.0 gpm/sf for units used as 
clarifiers 
1.75 gpm/sf for units used for 
softening 

1.75 gpm/sf 1 

Maximum Weir Loading 10 gpm/lf for units used as 
clarifiers 
20 gpm/lf for units used for 
softening 

20 gpm/LF 

1 1.0 gpm/sf for better performance, 1.75 gpm/sf is maximum 

 
 

Based upon the design criteria listed above, Table 4.4-13 summarizes the number of softening 
basins required for the Lewis & Clark WTP and the sizing of each basin. 
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Table 4.4-13. 
Solids Contact Basins Sizing 

Item Sizing 
Number of Units 3 
Capacity per Unit 10.1 mgd 
Total Capacity 30.2 mgd 
Detention Time 120 minutes 
Weir Loading 20 gpm/LF 
Weir Length (min) 351 LF 
Surface Area (min) 7,013 SF 
Volume per Unit (min) 841,666 gallons 

 
4.4.2.2.4. Recarbonation Basins 

 
Purpose 

Effluent from the softening process is supersaturated with calcium carbonate, which is very 
insoluble and would precipitate in the downstream filters and piping systems.  The purpose of 
the recarbonation basins is to stabilize the softened water.  The addition of carbon dioxide, 
commonly referred to as recarbonation, will reduce the pH of the water and convert the 
calcium carbonate to calcium bicarbonate, which is very soluble in water and does not present 
scaling problems. 
 
Basis of Design 

Recarbonation of softened water at the Lewis & Clark WTP will be accomplished by diffusing 
gaseous carbon dioxide into the flow stream and providing adequate contact time to allow the 
chemical reactions to occur.  The basis of design for the recarbonation system will be the Ten 
States Standards.  Design criteria from these standards are listed in Table 4.4-14. 

.
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Table 4.4-14. 
Recarbonation System Design Criteria 

Design Parameter Ten States Design Criteria 
Minimum Detention Time 20 minutes 
Diffuser Submergence Minimum of 7.5 feet 
Basin Requirements 2 compartments: 

• Mixing compartment with a 
detention time of at least three 
minutes. 

• Reaction compartment 
 

Based on the criteria listed above, the sizing of the recarbonation basins for the Lewis & Clark 
WTP is summarized in Table 4.4-15. 

 

Table 4.4-15. 
Recarbonation Basins Sizing 

Item Sizing 
Number of Units 2 
Capacity per Unit 14.75 mgd 
Total Capacity 29.5 mgd 
Detention Time 20 minutes 
Volume per Unit 204,861 gal 

 
4.4.2.2.5. Filtration System 

 
Purpose 

The filter system will be used primarily to remove suspended particulate material created by 
the lime softening process that precedes the filters.  The particulate material is expected to be 
composed primarily of calcium carbonate and magnesium hydroxide precipitates from lime 
softening, with some iron and manganese precipitates as well as colloidal and precipitated 
humic substances. 

 
Basis of Design 

Rapid-rate gravity filters will be used at the Lewis & Clark WTP.  This type of filtration 
system is compatible with the lime-softening process as it is capable of handling the anticipated 
floc carryover from the softening basins.  In addition, rapid-rate gravity filters are attractive for 
large plant applications as they are economical to construct and operate.  The design of the 
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filters will be in compliance with Ten States Standards criteria.  Some of the key design criteria 
are listed in Table 4.4-16. 

 
Table 4.4-16. 

Filtration System Design Criteria 

Design Parameter Ten States Design Criteria Recommended Criteria 
Rate of Filtration Determined based on consideration 

of raw water source, extent of 
pretreatment, and type of media. 

5 gpm/sf @ Max Loading 
 
3 gpm/sf @ Ave Loading 

Number  Minimum of two units, each 
capable of meeting plant design 
capacity. 
When more than two units are 
provided, filters must meet plant 
design capacity with one filter out 
of service. 

8 units 

Backwash Rate Minimum of 15 gpm/sf of filter 
surface area.  Rate of 22 gpm/sf 
or rate sufficient to provide 50% 
expansion of filter is 
recommended. 

22 gpm/sf 

Air Scour 3-5 standard cfm/sf of filter 
surface area. 

3 scfm/sf 

 
The proposed rapid-rate gravity filtration system sizing for the Lewis & Clark WTP is shown 
in Table 4.4-17 based on the above design criteria. 

Table 4.4-17. 
Filtration System Sizing 

Item 
Sizing (Max 

Flow/Max Load) 
Sizing (Ave 

Flow/Ave Load) 

Number of Units 8 8 

Capacity per Unit 4.2 mgd 3.47 mgd 

Total Capacity(1) 29.5 mgd 24.3 mgd 

Backwash Rate(2) 12,833 gpm 17,690 gpm 

Air Scour Rate(2) 1,750 scfm 2,412 scfm 

Surface Area 583 SF 804 SF 
1.  Total capacity with 7 filters in operation and one filter on standby. 
2.  Backwash 1 filter at a time. 
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4.4.2.2.6. Sludge and Backwash Handling Facilities 
 

Sludge Production 

Lime Softening Sludge 
The lime softening process produces sludge that consists mostly of calcium carbonate and 
magnesium hydroxide.  The sludge settled out at the solids contact softening basins after 
coagulation and flocculation.  Using an equation from Handbook of Public Water Systems, 
2001, the quantity of sludge produced resulting from carbonate hardness removal with lime 
can be estimated. 

 

S = 8.336(Q)(2.0 Ca + 2.6 Mg) 
 

S = sludge produced, lb/day 
Q = plant flow, mgd 
Ca = Calcium hardness removed as CaCO3, mg/L 
Mg = magnesium hardness removed as CaCO3, mg/L 
8.336 = constant used with English units 

 
This equation was used to calculate sludge produced from lime softening for Lewis & Clark 
WTP using the assumed raw water quality parameters and finished water quality goals shown 
in Table 4.4-18. 

 

Table 4.4-18. 
Hardness of Raw and Finished Water 

Raw Water 
Total Hardness 250 mg/L as CaCO3 
Calcium Hardness 150 mg/L as CaCO3 
Magnesium Hardness 100 mg/L as CaCO3 

Finished Water 
Total Hardness 125 mg/L as CaCO3 
Calcium Hardness 75 mg/L as CaCO3 
Magnesium Hardness 50 mg/L as CaCO3 

 
The estimated total sludge production from lime softening was 2,334 lbs dry solids produced 
per MG of water produced, or 66,750 lbs of dry solids per day at 28.6 mgd water produced. 
 With the sludge flow rate from the solids contact clarifiers at approximately 0.74 mgd, the 
solids concentration would be 1.1%. 
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Filter Backwash 
During the backwash operation, large quantities of water with small concentrations of solids 
are generated.  When the plant is producing 28.6 mgd of finished water it is estimated that the 
backwash flow will be 0.74 mgd.  The backwash solids concentration is not known, however 
it is estimated that the average concentration of a backwash cycle would be less than 100 
mg/L. 
 
Assuming 100 mg/L total suspended solids in the backwash water and an average backwash 
flow of 0.74 mgd, the average dry solids produced would be approximately 618 lbs/day. 

 
Lime Sludge Handling 

Sludge generated by the lime softening process is at first thick making it difficult to flow by 
gravity.  For this reason, the sludge will be pumped from the solids contact softening basins to 
the solids thickeners. 
 
The Handbook of Public Water Systems, (2001) states that softening sludge volumes range 
from 0.3 to 5.0 percent of the volume of raw water treated.  For Lewis & Clark, it is 
estimated that the waste sludge from the solids contact softening basins will be 2.5% of the 
treated flow or approximately 0.74 mgd (515 gpm).  Table 4.4-19 summarizes the criteria and 
sizing of the sludge handling facilities. 

 
Table 4.4-19. 

Sludge Handling System Sizing 

Item Sizing 
Number of Sludge Pumps 3 
Softening Sludge Volume (1) 515 gpm 
Sludge Pump Flowrate 260 gpm 

(1) Total capacity with one pump out of service 
 

Filter Backwash Handling 

Filter backwash will flow by gravity from the filters to the backwash reclaim basin.  Backwash 
flow from the filters will be at a high rate and periodic.  Table 4.4-20 outlines the design 
criteria and sizing for the gravity sewer from the filters to the backwash reclaim basin. 
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Table 4.4-20. 
Backwash Handling System Sizing 

Item Sizing (Max Flow) Sizing (Ave Flow) 
Backwash Flow Rate  12,833 gpm 17,690 gpm 
Maximum Velocity 5 fps 5 fps 
Minimum Backwash Drain Pipe Diameter 36 Inches 42 Inches 

 
Backwash Reclaim Basin 

The backwash reclaim basin is designed as an equalization structure to store two plus 
backwash volumes and then discharge it at a constant rate to the gravity thickeners.  Table 
4.4-21 summarizes the design parameters and sizing for the backwash reclaim basin. 

 
Table 4.4-21. 

Backwash Reclaim Basin 

Item Sizing (Max Flow) Sizing (Ave Flow) 
Backwash Volume 256,700 gal 353,800 gal 
Storage Criteria 2.5 x Volume 2.5 x Volume 
Basin Size 641,650 gal 884,500 gal 
Constant Discharge Rate 
(based on 3.5 backwashes  
per day) 

630 gpm 860 gpm 

 
 

Solids Thickening 

Thickening sludge reduces sludge volume therefore reducing the size subsequent solids 
handling facilities.  Thickening methods include gravity thickening, dissolved air floatation or 
gravity belt thickeners; of the three listed gravity thickeners are most used and are simplest to 
operate.  In addition, gravity thickeners can concentrate lime softening sludges to greater than 
5% solids.  For these reasons, only gravity thickeners will be discussed in this report. 
 
The design of gravity thickeners will be based on solids loading rates described in the 
Handbook of Public Water Supply Systems (2001) which is: 20 to 40 lb or solids/SF of 
thickener surface area per day.  The proposed sizing for the gravity thickening system is shown 
in Table 4.4-22. 
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Table 4.4-22. 
Gravity Thickener System Sizing 

Item Sizing 
Solids from Lime Softening 66,750 lbs/day 
Thickener Surface Area at 30 lbs/SF 2,225 SF 

 
Waste Lagoons  

Sludge lagoons are designed to store sludge for 2 to 3 years.  While in the lagoons the solids 
settle, allowing some supernatant to be drawing off the top of the lagoon and returned to the 
head of the plant.  Table 4.4-23 summarizes the design criteria and sizing for the sludge 
lagoons based on Ten States Standards criteria. 

 
Table 4.4-23. 

Waste Lagoons Sizing 

Item Sizing 
Average Water Production 23.2 mgd 
Hardness removed 125 mg/L 
Design Criteria for three years 
at 5 ft sludge depth 

0.7 acres per 100 mg/L 
hardness removed per mgd 

Number of Lagoons 3 
Volume per Lagoon  1,473,780 CF 

 
4.4.2.2.7. Chemical Storage and Feed Systems  
 
A conventional water treatment facility is made up of various process units.  In order for those 
process units to function properly, selected chemicals must be fed in the appropriate dosages. 
 Facilities will be provided for the various chemical storage and feed systems required for 
treatment.  Chemical feed systems will be designed with the ability to feed at a range of 
dosages and flow rates.  In addition, on-site storage will be provided to allow for 30 days of 
chemical use during maximum month flow conditions. Table 4.4-24 summarizes the chemicals 
proposed for use at the Lewis & Clark WTP, recommended dosages, feed rates, and storage 
requirements.  A discussion of each chemical is included in the following sections. 
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Table 4.4-24. 
Chemical Usage Requirements 

Chemical 
Average 
Dosage 
(mg/L) 

Maximum 
Month Flow 

(MGD) 

Feed Rate 
(lbs/day) 

30-day 
Storage 

(lbs) 
Ferric Sulfate (48%) 10 30.2 5,250 157,520 
Lime (90%) 160 30.2 44,800 1,344,000 
Potassium Permanganate (97%) 6 30.2 1,560 46,800 
Carbon Dioxide 45 29.5 11,100 333,000 
Hydrofluosilicic Acid (18%) 1 28.6 1,325 39,750 
Polymer 1 0.74 6.2 186 
 

Ferric Sulfate 

Coagulation describes the addition of chemicals to improve the removal of natural suspended 
solids by helping to form large dense flocs that settle rapidly.  The most commonly used 
coagulants are alum, polyaluminum chloride, ferric sulfate and ferric chloride. Ferric sulfate is 
proposed as the coagulant for Lewis & Clark WTP because it works over a broader pH 
range than alum and is easier to handle than ferric chloride.  Ferric Sulfate will be introduced at 
the rapid mix basins because the calcium carbonate produced in the softening process is a fine 
precipitate which can be difficult to settle.   

 
Lime 

Lime is a caustic or alkaline material used in water treatment for softening, coagulation, and pH 
adjustment for corrosion control.  At the Lewis & Clark WTP, lime will be used primarily for 
softening where it will remove calcium and magnesium hardness from the water.  Lime will also 
provide the benefit of removing iron, manganese, and organics from the water and improving 
taste and odor problems. 

 
Lime will be stored in silos located in the water treatment plant.  Silo sizing, configuration and 
geometry will be determined during design but will be based on 30-days of storage.  As many 
as two silos may be required.  The top of the silos could extend 30 to 40 feet above the top of 
the roof line of the water treatment plant building to provide the storage volume and gravity 
discharge of lime to the feeders.  During design, decisions will be made as to whether or not 
the silos need architectural treatment or screening to lessen their visual impact on the viewshed. 
 However, architectural treatments and screening will result in higher costs. 
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Potassium Permanganate 

Potassium permanganate is a strong oxidizing agent and is one of the more commonly used 
oxidants in water treatment.  It can be used in the oxidation of iron and manganese as well as 
substances that lead to color, taste, and odor problems.  The primary use of potassium 
permanganate for the Lewis & Clark WTP will be to oxidize iron and manganese so that they 
will be removed in the filtration system in a split treatment softening mode.  Secondary benefits 
of potassium permanganate treatment will include reduction of color, taste, and odor. 
 
Carbon Dioxide 

Carbon dioxide will be added to stabilize water exiting the lime softening process.  Softened 
water is supersaturated with calcium carbonate, which is very insoluble and easily comes out 
of solution.  If the calcium carbonate is not converted, it would precipitate in the filters and 
distribution system, scaling the filter media and piping.  The carbon dioxide will keep the water 
from remaining excessively scaling by reacting with the calcium carbonate to form calcium 
bicarbonate, resulting in reduction of the pH of the water.  Calcium bicarbonate is very soluble 
in water and does not present a scaling problem.  

 
Hydrofluosilicic Acid 

The addition of fluoride to public water supplies is for the purpose of preventing dental caries 
in consumers.  It has long been used as a health practice in the United States and many other 
countries. 

 
Polymer 

Polymers are long chained molecules that are often used to enhance coagulation and 
flocculation.  Polymers have several different applications in potable water treatment including 
coagulation, flocculation aid, filtration aid, and sludge conditioning.  At the Lewis & Clark 
WTP, polymer is proposed to be used as a flocculation aid.  As such, polymer will be added 
with ferric sulfate to help build larger, heavier floc particles during flocculation.  The large floc 
particles will allow better removal of particles in the water leading to lower effluent turbidities 
from the softening basins. 
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Also, polymer is proposed for use to aid in the thickening the solids in the gravity thickener.  
Polymers increase particle size and the settling velocity of the sludge, and will likely improve 
the capture efficiency of the thickener. 

 
Sodium Carbonate (Future) 

Sodium carbonate, commonly referred to as soda ash, is typically used in the softening 
process to add carbonate alkalinity to water for the removal of noncarbonate hardness. If a 
significant amount of noncarbonate hardness is present in the raw water at the Lewis & Clark 
WTP, the feed of soda ash will be required for softening. 

 
Powdered Activated Carbon (PAC) (Future) 

Powdered Activated Carbon (PAC) has long been used in the water treatment industry for 
removal of organics associated with color, taste, and odor.  Although the raw water for the 
Lewis & Clark WTP will be taken from wells, it is possible that relatively significant 
concentrations of organics will be present since the water will be influenced by the Missouri 
River.  If color, taste, and odor problems are encountered in the source water, PAC will be 
used in the treatment process to remove organics. 

 
Powdered Activated Carbon (PAC) is a coal-based product and is used to remove taste and 
odor from water supplies typically associated with changes in temperature and spring 
snowmelt.  PAC can also be used to remove color or organics.  PAC may be added to the 
Lewis & Clark WTP in the future if the need arises.  Addition of PAC dosing and mixing 
facilities would be required.  The existing solids contact softening basins and filters will remove 
the spent PAC from the water. 

 
Disinfection Chemicals 

The method of disinfection to be used at the Lewis & Clark WTP will be evaluated in a 
subsequent section of this report.  Therefore, chemical requirements for disinfection will be 
discussed in detail in that section. 

 
4.4.2.2.8. Clearwell and High Service Pumping 

 
The clearwell and high service pumping requirements are the same for the conventional 
treatment alternative as they are for the membrane alternative.  See section 4.4.2.1.6 for 
clearwell and high service pumping discussion. 
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4.4.2.3. Evaluation of Disinfection Alternatives 
 

Disinfection of potable waters is intended to inactivate pathogenic organisms, such as viruses, 
Giardia, and Cryptosporidium.  It is used in conjunction with other processes that remove 
pathogens such as filtration to provide safe drinking water to the public.  Removal processes and 
disinfection used in drinking water are not intended to provide complete removal and/or destruction 
of living organisms, as in sterilization.  Rather, an acceptable level or percentage of inactivation and 
removal must be provided.  Log-removal/inactivation is the term used to describe the level of 
removal and/or inactivation provided as shown in Table 4.4-25. 

Table 4.4-25. 
Levels of Log-Removal/Inactivation 

Log-Removal/Inactivation % Removal/Inactivation 
0.5 68.4 
1.0 90.0 
1.5 96.8 
2.0 99.0 
2.5 99.7 
3.0 99.9 
4.0 99.99 

 
The Surface Water Treatment Rule (SWTR) requires that systems treating surface water or 
GWUDI provide 3-log removal/inactivation of Giardia cysts and 4-log removal/inactivation of 
viruses.  The Interim Enhanced Surface Water Treatment Rule (IESWTR) adds the requirement of 
2-log removal/inactivation of Cryptosporidium oocysts.  The Long-Term 2 Enhanced Surface 
Water Treatment Rule (LT2ESWTR) may have stricter requirements for Cryptosporidium.  “Well 
operated” conventional filtration plants receive 2.5-log removal credit for Giardia and 2-log 
removal credit for viruses and Cryptosporidium.  Therefore, conventional filtration plants must 
currently disinfect to provide 0.5-log inactivation for Giardia and 2-log inactivation for viruses.  
Direct filtration systems receive 2-log removal credit for Giardia and 1-log removal credit for 
viruses and Cryptosporidium and must disinfect to provide 1-log inactivation for Giardia and 3-
log inactivation for viruses.  Membrane treatment plants may receive increased credit for removal of 
pathogens, reducing disinfection requirements, but their removal capabilities must be demonstrated 
to the State. 

 
Determination of log-inactivation for Giardia and viruses by various disinfectants is made through 
the calculation of CT for the system.  CT is defined as the multiplication of the concentration of 
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residual disinfectant (C, mg/L) by the contact time (T, minutes) between the point of application of 
the disinfectant and the point at which the disinfectant residual is measured.  The calculated CT for 
the system must exceed the required CT, which is dependent upon various water quality 
parameters.  Table 4.4-26 and Table 4.4-27 respectively summarize the CTs required for Giardia 
and viruses with various disinfectants at varying water temperatures and pH. 

 
Table 4.4-26. 

CT Values for Giardia 

pH 7.5 pH 8.0 pH 8.5 pH 9.0 Disinfectant 
5oC 10oC 5oC 10oC 5oC 10oC 5oC 10oC 

0.5-log Inactivation 
Chlorine(1) 30 22 36 27 43 33 52 39 
Chloramine 365 310 365 310 365 310 365 310 
Ozone 0.32 0.23 0.32 0.23 0.32 0.23 0.32 0.23 
Chlorine Dioxide 4.3 4 4.3 4 4.3 4 4.3 4 

1-log Inactivation 
Chlorine(1) 60 45 72 54 87 65 104 78 
Chloramine 735 615 735 615 735 615 735 615 
Ozone 0.63 0.48 0.63 0.48 0.63 0.48 0.63 0.48 
Chlorine Dioxide 8.7 7.7 8.7 7.7 8.7 7.7 8.7 7.7 
1.  Free chlorine CTs are based on a disinfectant residual of 1.0 mg/L. 
 

Table 4.4-27. 
CT Values for Viruses 

PH 6-9 pH 10.0 Disinfectant 
5oC 10oC 5oC 10oC 

2-log Inactivation 
Chlorine 4 3 30 22 
Chloramine 857 643 857 643 
Ozone 0.6 0.5 0.6 0.5 
Chlorine Dioxide 5.6 4.2 5.6 4.2 

3-log Inactivation 
Chlorine 6 4 44 33 
Chloramine 1,423 1,067 1,423 1,067 
Ozone 0.9 0.8 0.9 0.8 
Chlorine Dioxide 17.1 12.8 17.1 12.8 
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Two types of disinfection are considered for drinking water systems.  Primary disinfection is the 
inactivation of pathogens encountered in the water during the treatment process to meet disinfection 
CT requirements.  Secondary disinfection refers to the disinfectant residual maintained in the water 
to provide ongoing disinfection capability after the initial disinfection criteria (i.e. CT) has been met. 
 A number of possible disinfectants have been considered for use as primary and/or secondary 
disinfection at the Lewis & Clark WTP and are discussed in the following sections.  Table 4.4-28 
lists the disinfectants evaluated and identification with respect to suitability for primary and/or 
secondary disinfection. 

 
Table 4.4-28. 

Possible Disinfectants 

Disinfectant Primary Secondary 
Chlorine Yes Yes 
Chloramine No Yes 
Chlorine Dioxide Yes Yes 
Ozone Yes No 
Ultraviolet (UV) Yes No 
MIOX Yes Yes 

 

4.4.2.3.1. Chlorine 
 

Chlorine is the most widely used disinfectant in treatment of potable water, having been used 
extensively in the United States for nearly 100 years.  For potable water treatment, chlorine is 
typically used in one of three forms: chlorine gas, sodium hypochlorite, or calcium 
hypochlorite.  All of these forms produce hypochlorous acid, which is the chlorine oxidizing 
and disinfecting agent. 

 

Chlorine is very effective in inactivating viruses, requiring relatively short contact times. 
Chlorine is also effective against Giardia; however, considerably more contact time is 
required.  Cryptosporidium oocysts are more resistant to chlorine, which is relatively 
ineffective at inactivating the pathogen. 

 

Chlorine has several advantages over other disinfectants: 
?  Chlorine is one of the least expensive chemicals used in water treatment. 
?  Equipment costs are less than for ozone or UV systems. 
?  Chlorine can be used for primary and secondary disinfection, thus avoiding the 

installation of a different chemical feed system. 
?  Very effective for inactivating viruses. 
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Some disadvantages of using chlorine are: 

?  Chlorine requires more contact time to meet CT values than ozone or chlorine 
dioxide. 

?  Chlorine readily combines with organics in water to form disinfection byproducts 
such as THMs and HAAs. 

?  Cryptosporidium oocysts have demonstrated a high resistance to chlorine 
disinfection.   

?  Chlorine’s disinfecting properties are significantly affected by pH and temperature 
changes. 

?  Chlorine can lead to taste and odor problems in finished water, depending on water 
quality and dosage. 

 
Chlorine Gas 

This form of chlorine is typically used at larger water treatment facilities requiring large 
quantities of chlorine for disinfection.  Chlorine gas quickly reacts with water and hydrolyzes to 
form hypochlorous acid according to the following reaction: 

 
   Cl2(g) + H2O è HOCl + H+ + Cl- 
 

Chlorine gas advantages include: 

?  Capital costs for chlorine gas feed equipment are minimal. 

?  Chlorine gas is inexpensive when compared with sodium and calcium hypochlorite. 
 

Disadvantages of the use of chlorine gas as a disinfectant includes: 

?  Chlorine gas is hazardous material.  Large quantities must be stored on-site, posing a 
potential liability for leaks and accidents.  

?  To mitigate the hazard involved with chlorine gas, a chlorine scrubbing or 
containment system may have to be installed, depending on local regulatory authority. 

 
Sodium Hypochlorite 

Sodium hypochlorite, typically referred to as liquid bleach, is commercially available in a liquid 
form as a 12.5% to 17% available chlorine solution.  Alternatively, dilute hypochlorite 
solutions can be electrochemically generated on-site from a salt brine solution.  Sodium
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hypochlorite reacts with water to form hypochlorous acid according to the following reaction: 
 
   NaOCl + H2O è HOCl + Na+ + OH- 
 

Advantages associated with the use of sodium hypochlorite for disinfection include: 

?  Chlorine scrubbing or containment systems required for chlorine gas are not required 
with sodium hypochlorite. 

?  Sodium hypochlorite is safer and easier to use than chlorine gas. 

?  Equipment for liquid sodium hypochlorite systems is inexpensive as compared with 
other disinfectants. 

 
Disadvantages of sodium hypochlorite include the following: 

?  Sodium hypochlorite is unstable to some degree and degrades over time and with 
exposure to light and elevated temperatures.  Therefore, it must be stored away from 
heat and sunlight. 

?  Liquid sodium hypochlorite is more expensive to purchase in bulk than chlorine gas.  

?  On-site hypochlorite generating equipment is more expensive than chlorine gas 
equipment. 

 
Calcium Hypochlorite 

Calcium hypochlorite is commercially available in a powder or tablet form.  Hypochlorous acid 
is formed with calcium hypochlorite when it reacts with water according to the following 
reaction: 

 
   Ca(OCl)2 + 2H2O è 2HOCl + Ca+2 + 2OH- 
 

Calcium hypochlorite presents the following advantages: 

?  Chlorine scrubbing or containment systems required for chlorine gas are not required 
with calcium hypochlorite. 

?  Calcium hypochlorite is safer and easier to use than chlorine gas. 
 

Disadvantages of calcium hypochlorite include: 
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?  Calcium hypochlorite will react with moisture and heat.  Therefore, it must be stored 
in cool, dry locations. 

?  Calcium hypochlorite is more expensive than chlorine gas. 

?  Calcium hypochlorite is difficult to dissolve in water. 
 

4.4.2.3.2. Chloramines 
 

Chloramines, or combined chlorine, are formed when ammonia reacts with free chlorine in 
water.  The forms of chloramines include monochloramine, dichloramine, and trichloramine.  
Monochloramine is the principal chloramine formed under normal drinking water conditions.  
The bactericidal efficiency of chloramines is significantly less than that of free chlorine; 
however, the residual is more persistent.  Chloramines, therefore, are typically used to provide 
a long lasting residual for secondary disinfection with little THM formation. 

 
Chloramines provide the following advantages over other disinfectants: 

?  Production of THMs is very low with chloramines. 

?  Chloramines are more stable and longer lasting than free chlorine or chloride dioxide. 
 Therefore, they easily maintain a residual and are excellent for secondary 
disinfection. 

 
The main disadvantages with chloramines include: 

?  Chloramines are weak oxidants compared to other disinfectants and require an 
extremely large amount of contact time to inactivate Giardia and viruses, typically 
making chloramines unattractive for use as a primary disinfectant.   

?  As with chlorine, chloramines are relatively ineffective at inactivating 
Cryptosporidium. 

?  Although significantly lower than with chlorine, DBP production does occur in the 
presence of organics with chloramines. 

?  The chlorine to ammonia ratio must be carefully controlled.  Excess ammonia may 
cause biological growth problems in the distribution system.  Excess chlorine will 
increase the production of DBPs. 

 
4.4.2.3.3. Chlorine Dioxide 

 
Chlorine dioxide was used in the past for bleach for the paper and textile industries.  More 
recently, it has been used in drinking water to control phenols, oxidize iron and manganese, 
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and disinfection.  Since chlorine dioxide gas readily decomposes with explosive force to 
chlorine and oxygen, it must be generated on-site.  Chlorine dioxide is generally prepared by 
reacting sodium chlorite with gaseous chlorine, aqueous chlorine, or hydrochloric acid. 

 
Chlorine dioxide has the following advantages over other disinfectants: 

?  Of the commonly used disinfectants, chlorine dioxide is the most powerful oxidizing 
agent next to ozone. 

?  Chlorine dioxide requires relatively short contact periods for inactivation of viruses 
and Giardia. 

?  Chlorine dioxide is effective at inactivating Cryptosporidium. 

?  THMs are not produced by chlorine dioxide. 

?  Chlorine dioxide disinfection is not affected by pH. 

?  No other disinfectant may be required for secondary disinfection, since chlorine 
dioxide can maintain a residual in the distribution system. 

 
Disadvantages of chlorine dioxide include the following: 

?  Chlorine dioxide produces DBPs including chlorate and chlorite ions and its residual 
is restricted to 0.8 mg/L. 

?  Use of chlorine dioxide creates additional monitoring requirements as chlorite levels 
must be monitored. 

?  Production of chlorine dioxide is done on-site and requires hazardous materials to be 
stored on-site in large quantities. 

?  Odor complaints from customers can result from the use of chlorine dioxide. 
 

4.4.2.3.4. Ozone 
 

Ozone is currently widely used in Europe for disinfection and oxidation in treatment of potable 
water and has been used for water treatment since before the beginning of the twentieth 
century.  Historically, ozone has had limited use in the United States until the 1986 SDWA 
amendments, which have created more interest in ozone in the U.S. potable water industry. 

 
Chemically, ozone is the strongest oxidizing agent known, except for fluorine.  Ozone is an 
unstable molecule and must be generated on-site.  Generation of ozone consists of  
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passing high voltage electricity through air or oxygen, which disassociates the oxygen 
molecules, leading to the formation of ozone. 

 
Ozone has several advantages over other disinfectants, including: 

?  Ozone is the most effective disinfectant used in water treatment, and its potency as a 
disinfectant is unaffected by pH and ammonia content. 

?  The contact time required for ozone us much less than required for chlorine and other 
disinfectants. 

?  Because ozone is a powerful oxidant, it reacts readily with a large variety of organic 
and inorganic compounds without producing THMs unless bromide ion is present. 

 
There are several disadvantages that ozone has when compared to other disinfectants, 
including: 

?  Ozone has a higher capital cost for equipment than most of the other disinfectants. 

?  A relatively large amount of electrical energy is required to produce ozone. 

?  Ozone cannot maintain a residual in the distribution system, requiring another 
disinfectant to be used for secondary disinfection. 

?  Maintenance costs for ozone tend to be higher than for other disinfectant systems 
because of auxiliary equipment systems required to support an ozone system.  In 
addition to the ozone generator, there must be an air compressor, air drier, and off-
gas destruct systems.  Ozone generation systems using pure oxygen require liquid 
oxygen storage facilities on-site and off-gas destruction systems in addition to the 
ozone generator. 

?  Ozone can produce bromoform (a THM) in the presence of bromide ion and 
organics, and can react with organics to produce other DBPs such as aldehydes and 
ketones. 

?  Ozone does not provide a residual to be maintained in the water distribution system.  
Therefore, it cannot be used for secondary disinfection and will require the use of an 
additional disinfectant for the distribution system. 

 
4.4.2.3.5. Ultraviolet 

 
Ultraviolet (UV) light can be defined as electromagnetic waves between 100 and 400 
nanometers in wavelength.  The optimal germicidal effects occur approximately in the UV-C 
range, which is from approximately 200 to 280 nanometers, with maximum  
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disinfection efficiency at a wavelength of approximately 262 nanometers.  The biocidal effects 
of UV radiation have been known since it was established that UV radiation in sunlight was 
responsible for microbial destruction.  Even though its disinfection properties are known, UV 
radiation has not been widely used in large potable water treatment facilities in the United 
States. 

 
UV radiation has several advantages: 

?  It is effective against bacteria, viruses, and protozoan pathogens including 
Cryptosporidium (2 to 5-log inactivation of virus, protozoa, and bacteria at 
relatively low doses). 

?  No known disinfection byproducts are formed from the use of UV disinfection. 

?  UV light has not been shown to increase DBP formation of other disinfectants. 

?  Operation and maintenance requirements associated with UV are minimal.  In 
addition, there are no large quantities of hazardous materials stored on-site as with 
chlorine, chloramines, chlorine dioxide, or sodium hypochlorite. 

?  UV disinfection systems require a relatively small footprint. 

?  UV is a cost effective alternative to other disinfectants such as ozone. 
 

There are several disadvantages with UV disinfection: 

?  UV radiation has no disinfectant residual for the water distribution system and 
requires another disinfectant for secondary disinfection. 

?  UV radiation is very difficult to monitor on-line to provide the correct dosage is 
applied. 

?  There is a risk of mercury contamination from UV lamps. 

?  Currently, a manufacturer has obtained a patent requiring payment of a licensing fee 
for the use of UV radiation for Cryptosporidium inactivation, regardless of which 
manufacturer’s equipment is being used. 

?  Guidelines for UV disinfection have not been set by USEPA. 
 

4.4.2.3.6. MIOX 
 

MIOX is a proprietary product that is a variant of a sodium hypochlorite generator.  The 
product is claimed to create a disinfectant “cocktail” that includes chlorine dioxide, 
hypochlorous acid, ozone, and other chloro-oxygen species.  This mixed oxidant is generated 
on-site from salt and water with an electrolytic reactor (as with a sodium hypochlorite 
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generator).  Recent studies have indicated the combined effects of several disinfectants may 
exceed the individual combined effectiveness.  Several other positive benefits are claimed, 
including lower DBP formation, taste and odor reduction, no hazardous chemicals, and 
effective of inactivation of Giardia and Cryptosporidium. 

 
Based upon manufacturer claims, advantages of MIOX include: 

?  Synergistic effect of multiple oxidants may exceed the combined effect of individual 
disinfectants. 

?  DBP formation is reduced when compared with DBP formation for chlorine. 

?  There are no large quantities of hazardous materials stored on-site as with chlorine, 
chorine dioxide, or ozone. 

 
Disadvantages of the MIOX system include: 

?  The MIOX system is a proprietary product. 

?  Installations of MIOX for potable water treatment are limited, and most installations 
are in relatively small plants. 

?  The amount of disinfectants generated and the mechanisms of disinfection of the 
mixed oxidant generated are not well understood. 

?  The capital cost associated with a MIOX system is significant. 

?  Free chlorine residual is currently used to demonstrate compliance with disinfection 
CT requirements.  Credit for Cryptosporidium inactivation will most likely not be 
given for MIOX under the LT2ESWTR. 

?  The only published data on MIOX has been produced by the manufacturer. 
 

4.4.2.3.7. Proposed Disinfectant 
 

Chlorine gas is proposed as the primary disinfectant for the Lewis & Clark WTP.  Under the 
current SDWA regulations, chlorine is the most attractive disinfection option for this 
application because it is a very effective disinfectant and has relatively low capital and 
operation, maintenance and replacement (OM&R) costs.  Onsite chlorine generation (sodium 
hypochlorite) has advantages in terms of operator safety and will be compared to chlorine gas 
in the final design phase.  Stronger oxidants, such as chlorine dioxide and ozone, are more 
effective at inactivating pathogens; however, the capital and OM&R costs are substantially 
higher. 
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Chloramines are proposed as the secondary disinfectant to maintain a disinfection residual in 
the Lewis & Clark distribution system.  The distribution mains for Lewis & Clark will extend 
hundreds of miles, creating long detention times that may promote a significant potential for 
DBP formation.  The use of chloramines will reduce the DBP formation significantly.  In 
addition, chloramines are more stable and longer lasting than free chlorine, reducing the extent 
of additional disinfectant to be fed at points throughout the distribution system. 

 
Future regulations that may impact the selection of primary and secondary disinfectants for 
Lewis & Clark include: 

?  LT2ESWTR – Cryptosporidium oocysts have demonstrated a high resistance to 
chlorine disinfection.  Under the LT2ESWTR, improved treatment processes, such 
as membrane filtration, or alternative disinfectants to chlorine, such as ozone, chlorine 
dioxide, or UV, may be required if a system’s source water is found to be highly 
susceptible to Cryptosporidium contamination.  Even though the Lewis & Clark 
well water may be under the influence of surface water, it is very unlikely that the 
water will be susceptible to high concentrations of Cryptosporidium.  Therefore, it is 
anticipated that alternative disinfectants to chlorine or improved treatment will not be 
required to comply with the requirements of this rule. 

?  Stage 2 D/DBP Rule – The Stage 2 D/DBP Rule will impose stricter requirements 
for the control of DBPs.  The large distribution system and long detention time of 
Lewis & Clark is conducive to the formation of DBPs, and, although the use of 
chloramines for secondary disinfection will reduce the DBP formation, the system 
may have difficulty in complying with the requirements of the Stage 2 D/DBP Rule.  
Conversion to UV disinfection, which has been shown to form no known DBPs, may 
be justified for primary disinfection if the system does have difficulty in maintaining 
low concentration of DBPs. 

 
Disinfection for Membrane Filtration Alternative  

CT Requirements:  Under the membrane filtration alternative, the split stream bypassing the 
membrane system would be considered to be treated by direct filtration and would receive 2-
log removal credit for Giardia and 1-log removal credit for viruses.  Therefore, disinfection 
requirements for this portion of the flow would entail 1-log inactivation for Giardia and 3-log 
inactivation for viruses.  NF systems have demonstrated the ability to remove greater than the 
required 3-log Giardia removal and 4-log viral removal.  Therefore, for the purpose of this 
study, it has been assumed that no primary disinfection is required for the portion of flow  
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treated by NF.  The State of South Dakota would have to grant the full credit for Giardia and 
virus removal by NF and approve the practice of not providing primary disinfection for this 
portion of the flow. 

 
Giardia cysts are considerably more resistant to inactivation by chlorine than are viruses.  
Review of CT requirements for chlorine disinfection indicates that the requirements for 1-log 
inactivation of Giardia are greater than the CT requirements for 3-log inactivation of viruses 
under similar conditions.  Therefore, only CT calculations for Giardia inactivation need to be 
evaluated.  If the CT requirements for Giardia are met, than the CT requirements for viruses 
are simultaneously met. 

 
Disinfection Chemical Requirements:  Disinfection chemical feed requirements include 
chlorine feed for primary disinfection of the direct filtration stream, chlorine feed for secondary 
disinfection residual for the NF stream, and ammonia feed for secondary disinfection residual 
for the entire process flow.  Table 4.4-29 lists the chemical dosage, feed, and storage 
requirements. 

 
Table 4.4-29. 

Disinfection Chemical Requirements - Membranes 

Item Criteria 
Chlorine Feed - Direct Filtration Stream  
     Chlorine Dosage  4 mg/L (minimum) 
     Treated Flow Rate 14.3 mgd 
     Chlorine Feed Rate 478 lbs/day 
     30-day Chlorine Storage 14,340 lbs 
Chlorine Feed – NF Stream  
     Chlorine Dosage  2 mg/L 
     Treated Flow Rate 14.3 mgd 
     Chlorine Feed Rate 239 lbs/day 
     30-day Chlorine Storage 7,170 lbs 
Total Chlorine Feed Capacity 717 lbs/day 
Total 30-day Chlorine Storage Requirement 21,510 lbs 
Ammonia Feed - Entire Flow  
     Chlorine Res. to Ammonia Feed Ratio 3:1 
     Ammonia Dosage 0.67 mg/L 
     Treated Flow Rate 28.6 mgd 
     Ammonia Feed Rate 160 lbs/day 
     30-day Ammonia Storage 4,800 lbs 
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Clearwell Requirements:  Sufficient contact time must be provided after chlorine has been 
fed to meet primary disinfection CT requirements.  The contact time will be provided in a 
finished water clearwell.  The pH and temperature of the water being treated as well as the 
free chlorine residual will affect the total CT requirement and the contact time required.  The 
contact time required under a number of conditions is presented in Table 4.4-30 below.  A 
chlorine residual of 2 mg/L was assumed for the calculations, and only the bypass (direct 
filtration) stream is considered.  The clearwell volume required for each condition is also 
shown based on a baffling factor of 0.5. 

 
Table 4.4-30. 

CT Contact Requirements - Membranes 

pH 7.5 pH 8.0 pH 8.5 Item 
5oC 10oC 5oC 10oC 5oC 10oC 

CT Requirement 67 50 81 61 98 74 
Chlorine Residual 2 mg/L 2 mg/L 2 mg/L 2 mg/L 2 mg/L 2 mg/L 
Treated Flow Rate 14.3 mgd 14.3 mgd 14.3 mgd 14.3 mgd 14.3 mgd 14.3 mgd 
Contact Time Required 34 min 25 min 41 min 31 min 49 min 37 min 
Baffling Factor 0.5 0.5 0.5 0.5 0.5 0.5 
Clearwell Volume 0.675 

MG 
0.497 
MG 

0.814 
MG 

0.616 
MG 

0.973 
MG 

0.735 
MG 

 
Disinfection for Conventional Treatment Alternative 

CT Requirements:  Under the conventional treatment alternative, the treatment system would 
receive 2.5-log removal credit for Giardia and 2-log removal credit for viruses.  Therefore, 
disinfection requirements would entail 0.5-log inactivation for Giardia and 2-log inactivation 
for viruses.  As discussed under the previous alternative, Giardia cysts are considerably more 
resistant to inactivation by chlorine than are viruses, and disinfection CT requirements for 0.5-
log Giardia inactivation is greater than the requirements for 2-log viral inactivation.  Therefore, 
only CT calculations for Giardia inactivation need to be evaluated. 

 
Disinfection Chemical Requirements:  Chemical requirements for disinfection under the 
conventional treatment alternative include chlorine for primary disinfection and ammonia to 
form chloramines for secondary disinfection.  Table 4.4-31 summarizes the dosage, feed, and 
storage requirements for each chemical. 
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Table 4.4-31. 
Disinfection Chemical Requirements – Conventional Filtration 

Item Criteria 
Chlorine Requirements  
     Chlorine Dosage 4 mg/L (minimum) 
     Treated Flow Rate (NF Flow) 28.6 mgd 
     Chlorine Feed Rate 955 lbs/day 
     30-day Chlorine Storage 28,650 lbs 
Ammonia Requirements  
     Chlorine Res. to Ammonia Feed Ratio 3:1 
     Ammonia Dosage 0.67 mg/L 
     Treated Flow Rate 28.6 mgd 
     Ammonia Feed Rate 160 lbs/day 
     30-day Ammonia Storage 4,800 lbs 

 
Clearwell Requirements:  Disinfection CT, contact time, and clearwell requirements for the 
conventional filtration alternative are summarized in Table 4.4-32 for several different water 
quality conditions.  The calculations were based on a chlorine residual of 2 mg/L, the total flow 
rate being disinfected, and a baffling factor of 0.5. 

 
Table 4.4-32. 

CT Contact Requirements – Conventional Filtration 

pH 7.5 pH 8.0 pH 8.5 
Item 

5oC 10oC 5oC 10oC 5oC 10oC 

CT Requirement 41 30 49 37 59 44 
Chlorine Residual 2 mg/L 2 mg/L 2 mg/L 2 mg/L 2 mg/L 2 mg/L 
Treated Flow Rate 28.6 mgd 28.6 mgd 28.6 mgd 28.6 mgd 28.6 mgd 28.6 mgd 
Contact Time Required 21 min 15 min 25 min 19 min 30 min 22 min 
Baffling Factor 0.5 0.5 0.5 0.5 0.5 0.5 
Clearwell Volume 0.834 

MG 
0.596 
MG 

0.993 
MG 

0.755 
MG 

1.19 MG 0.874 
MG 

 
The possibility exists to use the transmission main from the WTP to provide detention time for 
chlorine contact.  The main is large and has a relatively long run from the plant prior to the first 
customer, allowing for a considerable amount of detention time.  Use of the line for chlorine 
contact would reduce or eliminate the need for a clearwell at the plant.  The following are 
some considerations for the condition that limited or no clearwell is provided at the plant:
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A small disinfection system would be required for potable water use at the plant. 

?  The ammonia feed system would have to be installed at a remote location. 

?  Storage flexibility to meet fluctuations in demand would be provided at the treatment 
plant.  A reasonable storage volume for variations in demand is approximately 0.5 
million gallons. 

 
4.4.3. Cost Analysis 

 
4.4.3.1. Capital Costs 

 
Capital costs for the proposed alternatives listed below are shown Table 4.4-33.   

 
1. Membrane treatment without secondary side stream treatment of the nanofiltration 

concentrate using an evaporation pond (425 acres) for waste handling. 
2. Membrane treatment without secondary side stream treatment of the nanofiltration 

concentrate using a gravity sewer to the river for waste handling (may be limited by TDS in 
concentrate). 

3. Membrane treatment with secondary side stream treatment of the nanofiltration concentrate 
with reverse osmosis (RO) with an evaporation pond (200 acres) for waste handling. 

4. Membrane treatment with secondary side stream treatment of the nanofiltration concentrate 
with RO with a gravity sewer to the river for waste handling (very likely restricted by TDS 
in concentrate). 

5. Conventional treatment. 
 

The capital costs are based on the unit sizes described in this report.  Key assumptions for the 
development of capital costs include the following. 

?  Contractor overhead and profit was estimated at 10% of the total. 

?  Land costs were $3000 per acre. 

?  Building/Housing costs are based on $120 per SF, except for the administration building 
which was based on $150 per SF. 

?  Construction additions and contingency multipliers including sitework and interface piping 
(8%), subsurface considerations (2%) and standby power (3%) were approximately 13% of 
the total. 

?  Costs relating to Filters are based on filter sizing of 3 gpm/SF at average flow. 
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Table 4.4-33 
Capital Costs 

 
Membrane Treatment 

Process Description Without Side 
Stream Treatment 

With Side  
Stream Treatment 

Conventional 
Treatment 

Land $ 480,000 $ 480,000 $ 480,000 
Pilot Testing 100,000 100,000  
Potassium Permanganate Feed  186,000 186,000 186,000 
Oxidation Detention Tanks (2) 1,213,000 1,213,000  
Ferric Sulfate Feed   107,000 
Lime Feed   1,412,000 
Solids Contact Clarifiers (3)   7,092,000 
Sludge Pumping Station   756,000 
Liquid Carbon Dioxide Feed   697,000 
Recarbonation Basins (2)    426,000 
Gravity Filtration Structures (8) 9,727,000 9,285,000 8,442,000 
Filter Media 261,000 254,000 405,000 
Air-Water Backwash System 2,505,000 2,451,000 2,519,000 
Filter Backwash Storage 667,000 502,000 622,000 
Backwash Pumping Station 803,000 761,000 764,000 
Nanofiltration 11,209,000 11,209,000  
Concentrate Treatment with RO  1,392,000  
Gravity Sludge Thickening   404,000 
Polymer Feed   88,000 
Sludge Dewatering Lagoons   1,391,000 
Hydrofluosilicic Acid Feed 68,000 68,000 68,000 
Chlorine Feed 206,000 206,000 241,000 
Anhydrous Ammonia Feed 98,000 98,000 98,000 
Clearwell 3,255,000 3,255,000 3,255,000 
Transmission Pumps & Pwr. Dist. 4,039,000 4,039,000 4,039,000 
Plant wide SCADA 1,176,000 1,176,000 1,176,000 
Maintenance Building 594,000 594,000 594,000 
Administration Building and Lab 1,352,000 1,352,000 1,352,000 
TOTAL Conventional -- -- $ 36,614,000 
Evaporation Ponds (1) 6,378,000 3,332,000  
TOTAL Membranes with 
Evaporation Ponds 

$ 44,317,000 $ 41,953,000 -- 

Gravity Sewer 339,000 247,000  
TOTAL Membranes with 
Gravity Sewer 

$ 38,278,000 $ 38,868,000 -- 

(1) Includes Price of Land 
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4.4.3.2. OM&R Costs 
 

The operation, maintenance and replacement (OM&R) costs for the proposed alternatives are 
summarized in Table 4.4-34.  OM&R costs include the following key assumptions. 

 

?  Electric Power costs $0.06 per kWh 
- High service pumping at 240 psi, 70% wire to water efficiency 
- NF pumping at 130 psi, 70% wire to water efficiency 
- RO pumping at 150 psi, 70% wire to water efficiency 

?  Hourly labor rates average $20.00 per hour plus 40% for payroll costs; 16 hour per day 
staffing operation. 

?  Chemical Costs 
- Lime: $ 78 per ton 
- Liquid CO2: $ 55 per ton 
- Chlorine: $ 396 per ton 
- Anhydrous Ammonia: $ 300 per ton 
- Polymer: $ 0.59 per pound 
- Potassium Permanganate: $ 1.38 per pound 
- Fluoride: $ 208 per ton 
- Ferric Sulfate: $ 289 per ton 
- NF/RO cleaning and antiscalants: $0.045/1000 gallons filtered 

?  Membrane replacement every 5 years, total replacement of the nanofiltration membranes is 
$1,230,000 and for the RO membranes is $102,000.  

?  Plant operating at average capacity, 22 to 23 mgd finished water produced (2030 Average 
Daily Flow) 

?  R & R account includes equipment repair and replacement at 5% of the equipment cost 

?  Miscellaneous expenses include fuel (diesel, natural gas), disposable materials and 
consumable maintenance items.  

?  All OM&R Costs based on filters sized at 3 gpm/SF at average flow 
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Table 4.4-34. 

Operation, Maintenance & Replacement Costs at Average Flow 

Membrane Treatment 
Without Side Stream 

Treatment 
With Side 

Stream Treatment Process Description 
Evaporation 

Ponds 
Gravity 
Sewer 

Evaporation 
Ponds 

Gravity 
Sewer 

Conventional 
Treatment 

Nanofiltration/RO 387,000 387,000 448,000 448,000  
High Service Pumps 1,264,000 1,264,000 1,264,000 1,264,000 1,264,000 

All Other 99,000 99,000 99,000 99,000 172,000 
Total Energy $ 1,750,000 $ 1,750,000 $ 1,811,000 $ 1,811,000 $ 1,436,000 

Lime     492,000 
Ferric Sulfate     215,000 

Liquid CO2     86,000 
Chlorine 53,000 53,000 53,000 53,000 53,000 

Ammonia 8,000 8,000 8,000 8,000 8,000 
Polymer     1,000 
Fluoride 39,000 39,000 39,000 39,000 39,000 

Pot. Permanganate 642,000 642,000 642,000 642,000 100,000 
Cleaning/Antiscalant 215,000 215,000 225,000 225,000  

Total Chemicals 957,000 957,000 967,000 967,000 994,000 
Labor 
(Personnel) 

1,631,000 
(28) 

1,572,000 
(27) 

1,689,000 
(29) 

1,631,000 
(28) 

1,456,000 
(25) 

Replace Membranes 246,000 246,000 266,000 266,000  
Sludge Disposal     167,000 
R & R Account 419,000 420,000 450,000 451,000 251,000 
Miscellaneous 139,000 121,000 139,000 121,000 179,000 
TOTAL $ 5,142,000 $ 5,066,000 $ 5,322,000 $ 5,247,000 $ 4,483,000 
 
 

4.4.3.3. Present Worth 
The present worth of the capital costs were calculated using a 20-year financing period and an 
interest rate of 6%.  Adding the operation and maintenance costs to the annual capital costs, results 
in the total annual cost for each alternative.   



Lewis & Clark Water Supply Project Final Engineering Report  
 
 

  
Banner/HDR/TRC Mariah 4-86 

Table 4.4-35. 
Present Worth of Alternatives 

Annual Costs Alternative 
Capital OM&R Total 

Membranes Without Side Stream Treatment 
Evaporation Ponds $ 3,863,000 $ 5,142,000 $ 9,005,000 

Gravity Sewer 3,337,000 5,066,000 8,403,000 
Membranes With Side Stream Treatment 

Evaporation Ponds 3,657,000 5,322,000 8,979,000 
Gravity Sewer 3,388,000 5,247,000 8,635,000 

Conventional Treatment 3,192,000 4,483,000 7,675,000 
 
 

4.4.3.4. Comparison of Membrane and Conventional 
 

Based on the present worth analysis of the capital and operation and maintenance costs, the 
conventional treatment alternative is the most cost effective overall.  Of the membrane alternatives, 
regardless of side stream treatment, the gravity sewer option is the least costly.  However, using a 
gravity sewer to discharge the concentrate waste from the nanofiltration process assumes that waste 
characteristics will meet local stream standards.  Initial review of the stream standards and 
concentrate quality indicates that the concentrate may exceed the stream standards for total 
dissolved solids in both the Vermillion and Missouri rivers, making it more difficult to obtain a 
permit to discharge the waste.   

 
In addition to the costs presented here, there are additional costs that were not included in the cost 
analysis that should be accounted for making the membrane treatment alternatives less financially 
attractive.  Each would increase the costs of the membrane alternatives.  These costs include 
facilities associated with the following: 

 

?  Well Capacity:  More production well capacity will be required for membranes. 

?  Raw water pumping costs:  The membrane alternatives require that more raw water be 
pumped to the Lewis & Clark WTP because of the additional waste generated by the 
processes.  Table 4.4-36 illustrates this. 
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Table 4.4-36. 
Raw Water Pumped 

Alternative Raw Water Requirement 
Membranes without side stream treatment 31.5 mgd 
Membranes with side stream treatment 29.9 mgd 
Conventional treatment 28.8 mgd 

 

?  Raw water pipeline:  The raw water pipeline for the membrane alternatives may be larger 
than the pipeline required for conventional treatment because it will need to carry more 
water. 

?  The membrane manufacturers have indicated that the membranes will last 5 years, however 
that is not definite because the actual raw water quality is not known.  If the membranes last 
only 4 years an additional $60,000 per year will be required to replace membranes; if they 
last only 3 years, an additional $160,000 per year will be required. 

?  In general, a large amount of wastewater is generated by a membrane system of this size; 
2.7 mgd as compared to 0.2 mgd for conventional treatment.  The additional waste requires 
that all facilities be that much larger, from raw water pumping to final waste disposal.  
Because of this, the life long operation and maintenance will be more expensive and 
complicated by the additional water handled. 

 
4.4.4. Treated Water Compatibility and Blending of Customer Water Supplies 

 
Member water systems of Lewis & Clark currently have their own water supplies.  The water 
characteristics, both physical and chemical, vary widely from water system to water system.  Some of 
the water systems will only use Lewis & Clark water in their distribution systems while others will blend 
the Lewis & Clark finished water with their own finished water.  Those who use Lewis & Clark water 
entirely may have to make provisions for adjustment of water chemical characteristics over a period of 
time to minimize the change in stoichiometry between the distribution water and existing deposition and 
tuberculation in the distribution system piping.  Those systems that blend Lewis & Clark water with their 
own finished water may face having water in the distribution system that has a constantly changing 
chemical nature, creating special stability problems in the distribution system. 

 

4.4.5. Recommended Treatment Process 
 

A conventional lime softening treatment system is recommended for the Lewis & Clark WTP.  This 
recommendation is based on the following key items: 

 

?  Lower capital cost than membrane alternative 
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?  Lower operation and maintenance costs than membrane alternative 
?  Decreased well development capacity required 
?  Decreased amount of wastewater generated 
?  Lime softening is a common treatment process therefore greater availability of skilled operators 

 
The recommended treatment process is further developed in Section 5.3 of this report. 

 
4.4.6. Site Evaluation and Selection 

 
4.4.6.1. General 

 
The purpose of this section is to select the most favorable site for construction of the water 
treatment plant.  Seven sites were evaluated north of Vermillion and their locations are shown in 
Figure 4.4-4.  These sites were selected based on a review of USGS maps and a field survey of the 
area.  The sites represent the probable locations or areas where treatment facilities could be 
located. 

 
Site selection is based on the criteria explained previously in Section 3.4.8 and a point rating system 
given to each category.  Each category is given a maximum of 10 points, therefore, an equivalent 
weighing in the evaluation.  The most total points possible is 100.  The site with the highest total 
number of points is considered the most favorable. 

 

4.4.6.2. Area Requirements 
 

To determine the minimum size of site needed for the water treatment plant, categories of site use 
were identified and the areas needed for each category were estimated.  The site use categories and 
estimated acres needed for each are shown in Table 4.4-37, entitled “Estimated Land Use 
Requirements for Water Treatment Plant”. 
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Table 4.4-37. 
Estimated Land Use Requirements for Water Treatment Plant 

Land Use Category Estimated Acres Required 
Treatment and Administration Building 6 
Future Additions (Capacity or Regulations) 2 
Sludge Processing Building and Sludge Storage Area 10 
Sludge Thickeners and Backwash Storage 6 
Sludge Lagoons or Monofill Disposal Area 70 
Roads and Parking Areas 12 
Perimeter Buffer Area 40 
Future Equipment and Material Storage 6 
Total Estimated Acres Needed 152 

 
 

The table shows that the total estimated area required is about 152 acres.  Therefore, the 
recommendation is made that a site with a minimum size of 160 acres be acquired.  This size is the 
approximate average acreage for a quarter section of land.  This will be more than enough for the 
initial phases of plant construction and will provide adequate area available for future expansion and 
allow for some on-site sludge disposal or construction of sludge lagoons. 
 
4.4.6.3. Site Evaluation 
The site evaluation is provided below based on the category point system.   

 
Floodplain/Floodway 

A maximum of 10 points was given if the site was out of floodplains and floodways, and 0 points 
were given if the site was in floodplains and floodways.  Site No.’s 1 through 6 are out of the 
floodplain/floodway and therefore, received 10 points.  Site 7 could have floodplain issues on its 
northeastern edge and was given 5 points. 

 
Access 

The second category, Access, rated the transportation routes to the sites.  Sites 1 and 2 were rated 
the highest because they are located adjacent to a paved road with a direct connection to 
Vermillion and are the closest to Vermillion.  Sites 3 through 7 are rated slightly lower because they 
are a further distance from Vermillion and are accessed in part by gravel roads. 
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Utilities (Power/Phone/Gas) 

All sites have equal access to power, phone and gas utilities and were given 8 points each with the 
exception of Site 2.  Site 2 is closer to electrical power than the other sites and has the highest 
rating of 9 points. 
 
Site Development Cost 

Sites 1, 2 and 3 were rated the highest because they appear to have the least amount of earthwork 
and grading required for development.  The other sites are flatter and will have more excavation and 
were therefore given a lower rating.  All sites were considered equivalent in terms of required 
foundation systems. 
 
Land Cost/Availability 

The next site evaluation category is Land Cost/Availability.  The more available the land, the higher 
the rating number that was given.  The required 160 acres appears available at all sites, except Sites 
2 and 7.  At Sites 2 and 7, 160-acre purchases would result in the landowner having smaller 
parcels of land that are difficult to farm or would have difficult access to.  Therefore, these two sites 
were given a lower rating as compared to Sites 1, 3, 4, 5 and 6. 

 
Zoning/Public Acceptance 

Zoning does not appear to be an issue with the sites.  However, most of the sites have dwellings, 
which could require relocation of people.  Only Site 1 does not have a dwelling.  Therefore, Site 1 
was given the highest rating over the other sites. 
 
Corps of Engineers 404 Permit 

None of the sites appear to have wetlands or wetlands mitigation requirements or appear to impact 
water bodies.  Therefore, all sites were given 10 points. 
 
Connecting Pipeline Costs 

All sites are in close proximity to proposed transmission lines for the well field water and finished 
water and were given 10 points. 
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Environmental Issues 

None of the sites appear to have major environmental issues.  Site 4 would require substantial tree 
removal and was therefore given the lowest rating.  Sites 6 and 7 are located the longest distance 
from the Spirit Mound area and will have the least visual impact on this area and were given the 
highest rating.  Sites 2, 3 and 4 are located closest to the Spirit Mound area and may have some 
visual impact and were given slightly lower ratings. 
 
Location for System Growth 

None of the sites have an advantage in terms of future system growth and were all given 5 points. 
 

Point Rating System Comparison and Recommended Site 

Table 4.4-38 entitled, “Site Evaluation Matrix” is a matrix of the ratings for each site, based upon 
the criteria described above.  The highest ranked sites are 1 and 2.  These two sites rank a total of 
85 and 81, with the next closest site ranking 80 for Site 5. 

 
Site 1 is the preferred site for the construction of the water treatment plant for the following reasons: 

 
?  It has good all-weather road and gravel road access to Vermillion. 
?  The site is the closest to Vermillion and will require the least amount of travel time for 

operating personnel. 
?  Because of topography, the site will have lower site development costs than the other sites. 
?  Land is available at this site for the required acreage without relocating people. 
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Table 4.4-38. 
Water Treatment Plant Site Evaluation Matrix 

Evaluation Category Points Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 

Floodplain/Floodway 10 10 10 10 10 10 10 5 

Access 10 9 10 7 8 8 8 7 

Utilities (Power, Phone, Gas) 10 8 9 8 8 8 8 8 

Site Development Cost 10 7 8 7 5 6 6 5 

Land Cost/Availability 10 9 5 9 9 9 9 5 

Zoning/Public Acceptance 10 9 6 4 4 6 4 5 

Corps of Engineers 404 
Permit 

10 10 10 10 10 10 10 10 

Connecting Pipeline Costs 
(Process & Drain) 

10 10 10 10 10 10 10 10 

Environmental Issues/Spirit 
Mound/Visual Effects 

10 8 8 8 6 8 9 9 

Location for System Growth 10 5 5 5 5 5 5 5 

Total Points Possible 100 85 81 78 75 80 79 69 
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4.5. Treated Water Transmission System 
 
The Treated Water Transmission System includes the following main components: 
 

?  Transmission pipelines; 
?  Service pipelines; 
?  Booster pump stations; 
?  Water storage reservoirs; and 
?  Service connections. 

 
This section of the report will address the pipeline alignment and reservoirs.  Information regarding the other 
facilities is fairly consistent between alternatives.  The other Treated Water Transmission System 
components are addressed in detail in Chapter 5. 
 
Various alternatives have been considered throughout the layout and alignment of the treated water pipeline 
system and have been incorporated into the project.  Many configurations of the pipelines for this project 
have been evaluated over the years (see Section 4.1.1.3). 
 
Water demands and delivery pressure requirements for the member systems of the Lewis & Clark project 
are listed in Table 2.4-5.  Table 2.4-5 also provides a description of the point of delivery and location.  All 
sites were visited and recommended routing of the service line has been made.  A schematic diagram of the 
pipeline and cumulative capacity is shown on Figure 3.1-1. 
 

4.5.1. Evaluation of Alternatives 
 

Field evaluations were made during the summer of 2001 to view all pipeline routes and to make 
recommendations for final route selection.  It rapidly became apparent that there are many options and 
sub-options available for pipeline routing.  As with the Raw Water Pipeline, the Treated Water Pipeline 
has to connect to fixed points along the pipeline route to deliver water to the members. The routing 
selections made in the field took into account the following general criteria: 

 
?  Route the pipeline on private property parallel to existing roadways, where possible, in order to 

provide access for construction, operation and maintenance.  Certain potential routes were 
rejected since the pipeline would have to be built in areas without roads (some short sections of 
the pipeline, less than mile, are shown that do not have a road).  Some of  
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the roads are low or no maintenance roads that may require placement of gravel to improve 
accessibility for construction and operations purposes.  

?  Route the pipeline along “less-traveled” routes where possible to avoid farm buildings and other 
utilities. 

?  Major river crossings (especially the Big Sioux) were selected to minimize environmental impacts 
and to avoid known cultural resource sites.  

?  After making a stream or river crossing, route the pipeline out of the river bottom area to avoid 
wet areas, potential wetland areas and areas that are periodically flooded. 

?  Avoid wetland areas.  And, 
?  Avoid cemeteries and historical structures. 

 
4.5.1.1. Alternative 1 – 1993 Alignment 

 
The 1993 Feasibility Study presented a pipeline alignment to meet the needs of the 22 member 
systems at the time.  Since 1993, some of the systems have changed their requirements and points 
of connection due to operational changes in the ensuing time period. Also, some of the members 
have increased their reserved capacity.  The following major changes have been made: 

 
?  Rock Rapids, Iowa has been added; 
?  Eight members have increased their reserved capacity; 
?  Sioux Falls has revised its point of delivery; 
?  Minnehaha Community Water Corporation deleted its point of delivery east of Colton (they 

originally had three points of delivery); 
?  Clay Regional RWS has moved its point of connection to the north and changed the 

pressure requirements at its point of delivery to a ground storage reservoir; 
?  Rural Water System #1 and Rock County RWS have added a second point of delivery; 

and 
?  Development and growth around Sioux Falls has necessitated routing changes. 

 
The overall map for the Lewis & Clark pipeline system from the 1993 Feasibility Study is shown on 
Figure 4.5-1.  This figure shows the extent of the transmission pipeline system along with the 
location of service connections and other information. 

 
Alternative 1 – 1993 Alignment, has been eliminated, or rather significantly modified as described in 
paragraph 4.5.1.3, in order to make the above modifications and other changes. 
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The opinion of probable construction cost for the Treated Water Transmission Pipeline, Alternative 
1 – 1993 Alignment is shown in Table 4.5-1.  The following does not include costs for 
appurtenances, contingencies, engineering, legal/administrative costs and other miscellaneous 
project costs that are currently assumed to be the same for all alternatives or will be a percentage of 
the total construction cost.  Unit costs from the 1993 Feasibility Study are used and the resulting 
sums are indexed to year 2001 costs.  Pipe materials used for this opinion included ductile iron, 
steel and PVC pipe, as described in Section 3.3.2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Item Description
Total 

Quantity  1
Units Unit Cost   2 Cost   2

1 48" Pipeline 263,000      L.F. 192$              50,496,000$       
2 42" Pipeline 64,000        L.F. 155$              9,920,000$         
3 30" Pipeline 26,000        L.F. 94$                2,444,000$         
4 24" Pipeline 290,000      L.F. 72$                20,880,000$       
5 20" Pipeline 83,000        L.F. 58$                4,814,000$         
6 18" Pipeline 219,000      L.F. 51$                11,169,000$       
7 16" Pipeline 382,000      L.F. 44$                16,808,000$       
8 14" Pipeline 59,000        L.F. 36$                2,124,000$         
9 12" Pipeline 411,000      L.F. 28$                11,508,000$       

10 10" Pipeline 171,000      L.F. 22$                3,762,000$         
11 8" Pipeline 72,000        L.F. 18$                1,296,000$         
12 6" Pipeline 58,000        L.F. 14$                812,000$            
13 4" Pipeline 1,300          L.F. 10$                13,000$              

136,046,000$     

175,847,000$     

Notes:
1   Pipeline lengths are measured from USGS quad maps without adjustment.
2   Unit cost and extended cost shown in table are 1993 costs.
3   Cost Index Factor 10/93 to 10/01 = 1.292559 (See Chapter 7)

Total Cost - Treated Water Pipeline (Alt 1) Indexed to October 2001 3  

Table 4.5-1
Opinion of Probable Construction Cost

Treated Water Transmission Pipeline, Alternative 1 - 1993 Alignment

Total (1993 Cost) - Treated Water Pipeline   
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4.5.1.2. Year 2000 Potential New Member Evaluation  
 

Lewis & Clark contacted its membership to determine if the reserved capacity identified in the 
1993 Feasibility Study was still appropriate.  Lewis & Clark also contacted other area water 
systems to determine their interest in participating in the project (see Tables 2.3-1 and 2.3-2). 
 
The results of the interest survey generated an additional 10.4 MGD system demand and ten 
potential new member systems.  Based on the results of the survey, the pipeline system was revised 
to accommodate the higher demand and routed to provide service to the potential new member 
systems.  An opinion of probable construction costs for the new system configuration (including 
wells, treatment plant, pipelines) was prepared.  The difference between the estimate of the new 
system cost and the estimate of the original system cost is the incremental construction cost for the 
added capacity.  It was also decided to require the construction cost of long service lines to new 
users be borne exclusively by the system being served. 
 
Lewis & Clark presented the incremental cost information to these systems.  These systems 
evaluated the cost information and made a decision regarding their participation or increased 
capacity in Lewis & Clark.  Lewis & Clark gained one new member and eight existing members 
increased their reserved capacity.4  The total increase in reserved capacity is 3.721 MGD.  
Changes in project participation occurred after potential members had an opportunity to compare 
the Lewis & Clark system with other alternatives available to them. 
 
Significant effort went into upsizing the entire system and revising the pipeline alignment.  Several 
alternative alignments were considered.  Many of the alignment revisions to serve potential new 
members (who eventually decided not to participate) were deleted.  However, other major pipeline 
alignment revisions were incorporated into Alternative 2 – 2001 Alignment. 
 
4.5.1.3. Alternative 2 – 2001 Alignment 

 
Various pipeline layout and alignment issues have been evaluated leading to the development of this 
alternative.  Alternative 1 – based on the 1993 Feasibility Study provided the basis for  

                                                                 
4   At the time of this report, Lewis & Clark and Rock Rapids Municipal Utilities were in the final process of 

negotiating a Commitment Agreement for Rock Rapids to become a member of Lewis & Clark.  
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developing this alternative.  Evaluations during the 2000 potential new member evaluation led to 
more revisions.  Finally, field evaluations during the summer of 2001 and the February 2002 VE 
Review generated more revisions to “fine tune” the alignment and design parameters. 
 
It must be noted, however, that minor variations in the pipeline alignment may be made as the 
project design progresses to take into account changes, unforeseen conditions and development 
between the time this Final Engineering Report is prepared and the time the project is constructed.  
These revisions will be subject to environmental approval and agency review. 
 
The map of the Lewis & Clark pipeline system, based on recent revisions and identified as 
Alternative 2, is shown on Figure 4.5-2.  The alignment shown in Alternative 1 – based on the 1993 
Feasibility Study, evolved from previous studies and a variety of systems that decided not to 
participate in the project. The following major revisions were made to the Alternative 1 and are 
reflected in Alternative 2: 

 
?  The alignment from the Water Treatment Plant is routed eastward along 313th Street, 

crosses the Vermillion River, then turns northward and follows 467th Avenue for several 
miles.  This routing accomplishes three objectives: 1) significantly shortens the large 
diameter pipeline length, 2) crosses the Vermillion River and moves the pipeline east 
approximately 1½-miles to keep the pipeline out of the flood plain, and 3) moves the 
pipeline 1 mile east of South Dakota Highway 17 onto a less traveled route. 

?  The main pipeline to serve Iowa members is routed directly east along 298th Street from 
near Beresford, South Dakota.  The new route crosses the Big Sioux River approximately 
¼-mile north of 298th Street at an abandoned bridge site.  Originally, the Iowa line 
branched from the man pipeline south of Sioux Falls.  The 1993 pipeline alignment was then 
routed back south, crossing the Big Sioux River near Canton, and then south to US 
Highway 18 near Rock Valley, Iowa.  The new alignment significantly shortens the pipeline 
to serve Iowa and reduces system pumping costs due to the shorter length. 

?  The main pipeline in Iowa has been moved a mile east of US Highway 75 and a mile north 
of US Highway 18 to reduce potential conflicts involved with rural residences, other 
utilities, construction traffic and provides easier access to Iowa members points of 
connection. 
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?  The pipeline routing south of Sioux Falls, to serve some South Dakota members and 
Minnesota users, has been routed to avoid new development around Sioux Falls.  The new 
routing avoids difficult and environmentally sensitive construction areas near Brandon, 
South Dakota.  The new alignment branches from the main line south of Sioux Falls and 
goes east along 85th Street (270th Street).  The pipeline crosses the Big Sioux River about 
1¼-miles north of 270th Street (along Riverside Drive and crossing the river at an 
abandoned bridge crossing) to avoid the Blood Run Archaeological Site and other 
obstructions. 

?  The Minnesota line has been re-routed to parallel the South Dakota/Iowa and 
Minnesota/Iowa state lines from the Big Sioux River crossing to provide service to Rock 
Rapids, Iowa then northward to serve Rock County RWS’s water tower.  The line now 
follows existing county roads south of I-90 to just south of Luverne, Minnesota.  The 
pipeline crosses Rock Creek and I-90 to serve Luverne.  The pipeline is then routed along 
the right-of-way of the Nobles-Rock County Railroad to near Worthington. 

?  The service line for Sibley, Iowa branches from the Minnesota line instead of the Iowa line 
to provide greater hydraulic head.  The new route would avoid areas of potentially difficult 
land acquisition. 

?  The service line for South Lincoln County RWS is a branch from the line to serve Parker, 
South Dakota.  And, 

?  Service to Sioux Falls will be from the west side of Sioux Falls (either West Benson Road 
or West Maple Street) to its Water Purification Plant (see paragraph 4.5.1.4). 

 
The following opinion of probable construction cost includes the Treated Water Transmission 
Pipeline Alternative 2.  No comparisons are made, so this estimate does not include OM&R costs 
and other analyses.  This opinion of probable costs includes pipe and related costs only.  Also, the 
following does not include costs for appurtenances, contingencies, engineering, legal/administrative 
costs and other miscellaneous project costs that are currently assumed to be the same for all 
alternatives or will be a percentage of the total construction cost.  These items will not impact the 
comparison of alternatives.  A more detailed evaluation of costs is included in Chapter 5. 

 
The opinion of probable construction cost for the Treated Water Transmission Pipeline, Alternative 
2 is shown in Table 4.5-2. 
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4.5.1.4. Evaluation of Sioux Falls Point of Connection 
 

The City of Sioux Falls commissioned a study to evaluate the impact of blending its 10 MGD Lewis 
& Clark water supply with Sioux Falls’ existing finished water supply.  Two different locations were 
evaluated for blending including the booster service level of the Sioux Falls distribution system and 
the Sioux Falls Water Purification Plant (WPP).5  A copy of the technical memorandum prepared 
to make this evaluation is included as Appendix C to this report. 

                                                                 
5    Blending Evaluation, a technical memorandum prepared for Lewis and Clark Rural Water System and the City 

of Sioux Falls Water Department, HDR Engineering, July 2001. 

Item Description
Total 

Quantity  1
Units Unit Cost   2 Cost   2

1 48" Pipeline 285,500      L.F. 192$              54,816,000$       
2 36" Pipeline 29,700        L.F. 122$              3,623,400$         
3 30" Pipeline 25,100        L.F. 94$                2,359,400$         
4 24" Pipeline 223,600      L.F. 72$                16,099,200$       
5 20" Pipeline 284,500      L.F. 58$                16,501,000$       
6 18" Pipeline 106,100      L.F. 51$                5,411,100$         
7 16" Pipeline 92,400        L.F. 44$                4,065,600$         
8 14" Pipeline 280,200      L.F. 36$                10,087,200$       
9 12" Pipeline 325,700      L.F. 28$                9,119,600$         

10 10" Pipeline 199,700      L.F. 22$                4,393,400$         
11 8" Pipeline 49,100        L.F. 18$                883,800$            
12 6" Pipeline 32,000        L.F. 14$                448,000$            

127,807,700$     

165,199,000$     

Notes:
1   Pipeline lengths are measured from USGS quad maps without adjustment.
2   Unit cost and extended cost shown in table are 1993 costs.
3   Cost Index Factor 10/93 to 10/01 = 1.292559 (See Chapter 7)

Total Cost - Treated Water Pipeline (Alt 2) Indexed to October 2001 3  

Table 4.5-2
Opinion of Probable Construction Cost

Treated Water Transmission Pipeline, Alternative 2 - 2001 Alignment

Total (1993 Cost) - Treated Water Pipeline   
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The two blending options involved blending directly in the water distribution system or blending the 
Lewis & Clark supply with Sioux Falls’ water at its WPP before water enters its distribution 
system.  The study indicated various considerations the City would have to address if blending 
would be made in the water distribution system.  Sioux Falls made the decision to blend its 10 
MGD Lewis & Clark water supply at its WPP. 
 
This decision necessitated changes and upsizing the pipeline south and west of Sioux Falls.  The 
1993 Feasibility Study included two points of connection to the southwest portion of Sioux Falls’ 
water system: 1) a service line and pumping station near 85th Street and South Louise Avenue to lift 
water to meet Sioux Falls booster service HGL, and 2) a service line from Ellis Road along West 
26th Street to deliver water to Sioux Falls’ West Reservoir. 
 
Various alternatives were evaluated to most economically delivery Sioux Falls’ 10 MGD to its 
WPP.  The selected connection point to the Sioux Falls system will be a 30” diameter service line 
from the main transmission pipeline.  The Sioux Falls service line will tap the main line at the 
intersection of Ellis Road and West Benson Road.  Alternately, the City may consider construction 
of this line one mile south along West Maple Street (this would involve crossing Sioux Falls Airport 
property and highway and streets that are scheduled for reconstruction over the next several years). 
 Lewis & Clark will build approximately 6,500’ of 30” diameter service line to a high point on 
Benson Road between Ellis Road and I-29.  Sioux Falls will construct the remainder of the service 
line to its WPP with a service connection building located on WPP property.  Most likely a low-
head service booster pump station will be required to provide the head required to deliver water to 
the WPP.  The City would probably turn the line over to Lewis & Clark at some point for their 
control and maintenance responsibility. 
 
Relocating the Sioux Falls service connection will also require upsizing the Lewis & Clark core 
transmission line from south of Sioux Falls (85th Street) to West Benson Road.  The incremental 
cost for the upgrade to the core system will be the responsibility of Sioux Falls.  A preliminary 
estimate of the incremental cost figure was developed in the technical memorandum (see Tables 11, 
14 and 16 in the technical memorandum in Appendix C).  This incremental cost estimate is for 
comparison purposes only, and does not include miscellaneous costs, mitigation, engineering, 
legal/administrative, contingencies or land costs.  This number will further be influenced by the 
adoption of VE proposals 7 and 8.  The actual incremental cost is presented in Chapter 7 of this 
FER. 
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4.5.1.5. Evaluation of Alternative Storage Reservoir Types 
 

Section 3.3.6 addressed storage reservoirs under the design criteria section of this report.  The 
recommended reservoir types are listed as factory-coated (glass lined) bolted steel and wire-wound 
prestressed concrete tanks.  This recommendation is made based on recent price comparisons 
including not only capital costs, but also annual maintenance costs. 
 
The factory-coated (glass lined) bolted steel tank is an above-ground storage reservoir.  The inside 
and outside surfaces of the new ground storage reservoir would have a glass-fused-to-steel liner, 
which would minimize the amount of maintenance necessary.  The floor of the reservoir would 
consist of a concrete slab and ringwall foundation system.  The reservoir would also be provided 
with an aluminum dome. 
 
The wire-wound prestressed concrete tank would consist of prestressed/precast concrete walls, 
cast-in-place concrete floor, and cast-in-place spherical concrete dome.  Due to the standard 
design of the concrete tank without the ringwall foundation, it would be necessary to excavate down 
and set the tank floor below the frost line.  The precast concrete walls incorporate a mechanically 
lock-seamed watertight steel diaphragm.  Upon placement of the precast walls, prestressing wire is 
wrapped around the panels and then sprayed with a shotcrete coating system.  A concrete reservoir 
would virtually eliminate the need to remove the tank from service for any type of maintenance. 
 
Welded steel tanks were evaluated as an alternate to the glass-lined bolted steel and prestressed 
concrete above ground storage reservoirs but were ruled out as an alternative due to the higher 
capital cost and additional maintenance costs.  The welded steel tank capital costs were in the range 
of $65.00 to $70.00 per 100-gallons as compared to $40.00 per 100-gallons for the glass-lined 
bolted steel and $62.50 per 100-gallons for the prestressed concrete reservoir.  Prices listed for 
comparison are for 1.0 million gallon tanks including foundation and tank erection. 
 
Another factor considered in the selection was the annual maintenance costs associated with each 
alternative.  Operation and maintenance for welded steel reservoirs requires repainting the reservoir 
every 10 to 15 years at a cost of approximately $100,000 to $140,000, depending on the size of 
the reservoir.  In addition to the cost of painting, the reservoir would be out of service for a period 
of at least one month to perform the required maintenance.  Bolted steel reservoirs have a life 
expectancy of 50 years, at which time they would need to  
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be replaced.  Prestressed concrete reservoirs require minimal costs for operation and maintenance 
and have an expected life span of over 50 years. 

 
Therefore, the preferred alternatives are factory-coated (glass lined) bolted steel and wire-wound 
prestressed concrete tanks.  Other coating systems may be considered and will be evaluated during 
final design on the basis of life-cycle costs. 

 
4.5.2. Recommended Treated Water Transmission System Alternative 

 
The recommended transmission system alternative is Alternative 2 – 2001 Alignment.  This option 
includes a single connection point for the City of Sioux Falls as described in paragraph 4.5.1.4.  This 
alternative is a refinement of earlier pipeline system layouts and incorporates two proposals from the 
February 2002 VE review.  This alternative specifically addresses current membership needs, changes 
in the system and the impact of development since the original alignment was developed.  Table 4.5-3 
provides a comparison between the two alternatives.  This table demonstrates the cost savings of 
approximately $10.65 million (2001) for pipe alone for the revised alignment.  Alternative 2 is also 
designed to deliver a higher reserved capacity to Lewis & Clark’s member systems. 

 
Additional details of other parts of the transmission pipeline system (reservoirs, pump stations, etc.) are 
addressed in Chapter 5 of this report. 

 
4.6. No Action Alternative 6 
 
The No Action Alternative assumes the Lewis & Clark Rural Water System would not be constructed.  
This action would force Lewis & Clark’s member systems to pursue other alternatives to meet their current 
and future water supply needs.  The cost for each member’s improvements would vary depending on what 
alternatives are available. 
 

4.6.1. Impact on Water Supply Needs 
 

If the No Action Alternative were selected, the water supply needs of each member entity would be 
addressed on an individual basis rather than collectively.  These needs, which must be addressed, are 
summarized below: 

                                                                 
6  Excerpted from Feasibility Level Evaluation of a Missouri river Regional Water Supply for South Dakota, Iowa 

and Minnesota, Banner Associates, Inc., CH2M-Hill and Mariah Associates, Inc., September 1993. 
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Pipeline 
Diameter 

(in)
Length (ft)

Length 
(mi)

Inch-
Diameter 

Miles
Length (ft)

Length 
(mi)

Inch-
Diameter 

Miles
48 263,000       49.8         2,390.9     285,500       54.1        2,595.45    
42 64,000         12.1         509.1        -               -          -             
36 -               -          -            29,700         5.6          202.50       
30 26,000         4.9           147.7        25,100         4.8          142.61       
24 290,000       54.9         1,318.2     223,600       42.3        1,016.36    
20 83,000         15.7         314.4        284,500       53.9        1,077.65    
18 219,000       41.5         746.6        106,100       20.1        361.70       
16 382,000       72.3         1,157.6     92,400         17.5        280.00       
14 59,000         11.2         156.4        280,200       53.1        742.95       
12 411,000       77.8         934.1        325,700       61.7        740.23       
10 171,000       32.4         323.9        199,700       37.8        378.22       
8 72,000         13.6         109.1        49,100         9.3          74.39         
6 58,000         11.0         65.9          32,000         6.1          36.36         
4 1,300           0.2           1.0            -               -          -             

Totals 2,099,300    397.6       8,174.8     1,933,600    366.2      7,648.4      

Comparison of Pipeline Cost (Indexed to October 2001)
Alternative 1 - 1993 Alternative 2 - 2001

$175,847,000 $165,199,000

Alternative 1 - 1993 Alternative 2 - 2001
Comparison of Inch-Diameter Miles

Table 4.5-3
Comparisons of Alternative 1 and Alternative 2
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?  At the present time, over 80% of the population of the proposed systems to be served by the 
Lewis & Clark system must periodically impose restrictions on the quantity of water used due to 
inadequate supplies.  If the Lewis & Clark project is not constructed, water demands will not be 
met unless other water sources of acceptable quality can be found and economically developed. 
Some systems currently experience chronic shortage of supplies. 

?  At the present time, over 60% of the population served by the proposed system obtains its 
water from the Big Sioux River and aquifer system.  The water rights on the Big Sioux River and 
aquifer system in the Sioux Falls management unit are fully appropriated making it impossible to 
develop further capacity beyond current appropriations.  Projections by the City of Sioux Falls 
show that water needs will exceed available water between the years 2009 to 2012. 

?  Some member systems have sulfates in excess of the suggested limit of 500 mg/l.  It will be 
necessary for these systems to comply with water quality regulations whether or not the Lewis & 
Clark project is constructed.  Lewis & Clark provides an alternative to the development of new 
water supplies and treatment systems for its member systems. 

?  Contamination of shallow surficial aquifers continues to occur.  The enactment of local wellhead 
protection ordinances and regulations will reduce the risks.  However, the risks will still exist.  
One of the recommended procedures in the development of a wellhead protection plan is to 
identify an alternative water source in the event contamination does occur.  This need will still 
exist if the Lewis & Clark project is not constructed.  Alternate sources of supply will generally 
be the development of other aquifers with poorer water quality than the present sources. 

 
4.6.2. Impact on Cost to Consumers 

 
If the No Action Alternative were selected, the cost of water to the consumer is expected to increase 
from the present rates as a result of the requirements for additional water quality monitoring, the need 
for the development of additional water supplies and the need for the development of alternative water 
supplies for those member systems who have poor quality water or a water source which will not be 
able to meet their needs.  Also, some systems may have to construct or upgrade their existing treatment 
facilities. 
 
The cost of the No Action Alternative will be different for each member system.  The schedule for the 
need to construct the necessary system improvements is also different for each system.  In compliance 
with the monitoring requirements of the Safe Drinking Water Act (SDWA) and the 1986 amendments, 
each public water supply must meet the minimum monitoring requirements  
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specified.  If the Lewis & Clark system is not constructed, the monitoring costs for individual member 
systems will be higher since each water source must be monitored. 
 
An estimate of the cost of compliance with the SDWA requirements was developed as part of the rule 
making process.  The estimates of cost were presented in various Federal Registers.  A summary of the 
projected costs and references is included in Table 4.6-1.  For purposes of comparison, the small 
systems are systems with a total service population of less than 500.  The large systems are systems 
with service area populations greater than 10,000. 
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Small Systems Large Systems
Volatile Organics 1                      

(monitoring costs)
$0.54 $0.05

Vol. 52, No. 130, 
page 25711

Total Coliforms               
(monitoring costs) $0.02  2 $0.002  3

Vol. 54, No. 124, 
page 27559

Control of Lead and Copper 
(monitoring costs) $0.01  4 Negligible

Vol. 53, No. 160, 
page 31563

Synthetic Organics (SOC's) 
(treatment costs if violation 
occurs)

$7.12  5 $0.50  6
Vol. 58, No. 20, 

page 3577

Inorganic Contaminants 
(IOC's) (treatment costs if 
violation occurs)

$10.66  7 $2.00  8
Vol. 58, No. 20, 

page 3577

Totals $18.35 $2.55

Table Footnotes:
1   Rate increases would apply if a violation were detected in the initial screening process.
2   Rate increase is based on a requirement of one sample per month, an average monthly water volume
    of 750,000 gallons and a cost of $10.50/sample.
3   Rate increase is based on a requirement of 12 samples per month, an average water volume
    of one million gallons per day and a cost of $4.00/sample.
4   Rate increase is based on annual cost of $0.88/familiy and an average consumption of 7000 
    gallons per month.
5   Rate increase is based on average household water consumption of 7000 gallons per month and
    an annual household cost of $598.
6   Rate increase is based on average household water consumption of 7000 gallons per month and
    an annual household cost of $42.
7   Rate increase is based on average household water consumption of 7000 gallons per month and
    an annual household cost of $896.
8   Rate increase is based on average household water consumption of 7000 gallons per month and
    an annual household cost of $167.

Estimated Cost per 1000 Gallons 
(Upper Boundary Conditions)

Monitoring or Treatment 
Requirement

Federal Register 
Reference

Table 4.6-1
EPA Estimates of the Cost of Compliance

With Monitoring and Treatment Requirements


