EXECUTIVE SUMMARY

Introduction and Background

This Facility Plan is intended to inform policymakers, funding agencies, and the public on
existing conditions and concerns of the existing Brandon water system, as well as identify
improvements that will ensure the water quality meets the desires of the residents within the City
of Brandon (i.e., lower radionuclide), ensure the water quality continues to meet federal
regulations, and provide ample source water for the City of Brandon now and into the future.
Finally, this Facility Plan is intended to lay the groundwork to meet the requirements of the
Drinking Water State Revolving Fund (DWSRF) Program administered by the South Dakota
Department of Environment and Natural Resources (SD-DENR) to provide financing for the
implementation of the proposed project.

This Facility Plan has been prepared to accomplish the following objectives:

1. Provide necessary project information, including background information about the
project sponsor, contact persons, project location, and a summary of the region’s
population and water usage;

2. Provide an overview of the functionality, capacity, and condition of the existing
Brandon water supply system;

3. Review and discuss applicable water supply, treatment, design guidelines;

4. Identify and evaluate potential water supply, treatment improvement alternatives;

5. Provide opinions of total probable project costs, operation, and maintenance
(O&M) costs, and identify a preferred alternative;

6. Provide a recommended implementation plan for the preferred alternative;

7. Identify miscellaneous considerations for the execution of the implementation plan;
and,

8. Act as a basis for funding requirements for the DWSRF program.

Basis of Planning

To plan for sustainable future water supply and treatment infrastructure, historical population
trends and associated water demand trends are examined in context of Brandon’s future growth
to establish future water demands for the desired planning period.

A planning horizon of 25 and 50 years was considered for use for planning Brandon’s water
supply and treatment facilities considered in this facilities plan. The intent of the planning
horizon is to capture an approximate 25-year period that includes time for planning, design and
construction of the proposed facilities as well as the service life of well-maintained major water
treatment and pumping equipment.
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To provide long term predictions of water supply needs that provide additional context for the
25-year planning period of this Facilities Plan, Brandon’s population growth and water demands
were also projected to 2070, representing a 50-year planning period.

Table ES 1 Demand Estimates Using a per Account Basis

Demand/Acct Average Monthly | Average Day el Max Day

Year | Accounts Demand Demand Demand
{eplimoaiiy) (gal/month) (gal/day) it (gal/day)

2018 3,500 8,000 28,000,000 933,300 2.5 2,333,300
2045 5,600 7,900 44,240,000 1,475,000 2.5 3,687,000
2070 7,900 7,800 61,620,000 2,054,000 2.5 5,135,000

The Basis of Planning evaluated population projections and projected water demands to
determine the appropriate planning numbers for the City of Brandon’s WTP. For design
purposes, the WTP expansion will be sized for a design capacity of 2,000 gpm (2.88 MGD).
These improvements would give the entire plant a design capacity 4,000 gpm (5.8 MGD).

Water Treatment Standards and Requlatory Overview

The performance of the existing Brandon water treatment process and comparative performance
of potential process treatment technologies for an expanded water treatment plant is evaluated
using established treatment process objectives. Primary objectives used for the City of Brandon
include compliance with existing and anticipated drinking water regulations, the ability to
achieve finished water quality goals, and conformance with standard engineering design criteria.
Source Water Characteristics and Treated Water Objectives.

Three sources of water were identified in the previous Water Supply Evaluation Report provided
to the City, which included the Big Sioux River (surface water), the Big Sioux Aquifer
(groundwater), and the Split Rock Creek (SRC) Aquifer (groundwater). Additional sources from
surrounding community and rural water systems were also considered, but were not further
evaluated as the current availability and costs from these systems were not sufficient to meet the
City’s needs through their current planning period.

The majority (> 90%) of the City’s water comes from the SRC aquifer, with the remainder
coming from the Big Sioux Aquifer. Each aquifer has different contaminant concerns; elevated
radionuclides from the SRC aquifer and elevated nitrate from the Big Sioux Aquifer. Both
aquifers have elevated iron and manganese concentrations and total hardness values between 350
and 420 mg/L as CaCOs, which is roughly twice the concentration of treated water from
surrounding public water supply systems (Sioux Falls, Lewis & Clark Rural Water, Minnehaha
Community Water Corporation).

Future water needs are likely to be met from additional wells constructed in the SRC Aquifer, as
this aquifer has had historically higher-yielding wells compared to the Big Sioux Aquifer. Yield
rates from a single SRC Aquifer have been as much as 10 times greater than a single well in the
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Big Sioux Aquifer. The Big Sioux Aquifer is also available to the City for additional well
development, as the City still maintains water rights in the aquifer near Brandon. Long-term,
partnering with a regional water provider may allow added redundancy and flexibility for
meeting the future needs of the City.

Through the work conducted in the previous Water Supply Evaluation Report which included
meetings with City staff, the City Water Development Committee as well as the City Council,
the following water treatment goals and objectives were reached for the finished water quality:

* Meet all of the primary drinking water standards in the Safe Drinking Water Act
(SDWA)

* At a minimum, remove radionuclides to concentrations below the limits set by the
SDWA MCLs, preferably remove radionuclides concentrations to values as low as
economically feasible. Removal beyond the SDWA MCLs can be accomplished by
using a multi-barrier control strategy.

* Remove iron and manganese to levels at or below the Secondary MCLs of 0.3 and 0.05
mg/L, respectively.

» If feasible, target 200 mg/L as CaCOs for total hardness, if a hardness removal treatment
is selected for the final design.

Existing Facility Evaluation

The existing Brandon Water Treatment Plant (WTP) is a 2,000 gallon per minute facility that is
supplied from groundwater wells. The facility is comprised of raw water wells, aeration,
filtration, wash water recovery, high service pumping, and on-site storage.

An evaluation of the Brandon WTP and wells was performed to assess the current plant
conditions and to identify possible deficiencies. The evaluation was developed through on-site
inspections on June 5™ and 22", 2020, conducted by various discipline engineers and discussions
with WTP staff and review of construction documents.

Existing Raw Water Supply

The City of Brandon currently draws its raw water from 3 wells located within the city limits. In
addition to these three wells (Well 1, Well 3, and Well 6), Brandon has 3 older wells (Well 2, 4
and 5) that are not in service and two new wells (Well 7 and Well 8) that will be available for
service in 2020. The City drilled Well 9 and tested capacity, but it was found to have very low
production and therefore was abandoned.

The characteristics of existing and pending wells are summarized in Table ES 2. The total
current peak production rate from Wells 1, 3, and 6 is approximately 2,640 gpm, with a firm
capacity (with the largest well (#6) out of service) of 840 gpm. Once Well 8 is completed, Well
6 and Well 8 (being the main supply wells) will be redundant to each other, providing a firm
capacity increment of 1,800 gpm, so the firm capacity of Wells 1, 3, and 6/8 will increase to
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2,640 gpm. Should Well 7 be placed online, and it reliably produces the estimated 1,200 gpm,
the peak production rate would be increased to approximately 3,840 gpm with a firm capacity of
3,840 gpm.

Table ES 2 Summary of Brandon Well Characteristics

Well Number Aquifer gﬁﬁi Depth (ft) Pro dlzi?i%)fl (()gpm) Status
1 Big Sioux: South | 1971 48 160 — 190 To WTP with Well 6
Treated at Well,
3 Split Rock Creek | 1964 222 650 Direct Discharge into
System
6 Split Rock Creek | 1999 275 1,250 — 1,800 To WTP with Well 1
7 Split Rock Creek | 1995 423 1,200 Flow Tested
8 Split Rock Creek | 2020 285 1,800 — 2,000? Under Construction

2 Estimated production rate.

Water Treatment Plant System and Capacities

The current WTP was constructed in 1997 and has a maximum production capacity of 2,000 gpm
with all four filters in operation. The treatment process consists of aeration, chlorine injection,
20 minutes of detention at 2,000 gpm, injection of hydrous manganese oxide (HMO), filtration
using four gravity filters, and a second addition of free chlorine. The water then flows to the
clearwell where it stored until it is pumped into the distribution system. As the water is pumped
from the clearwell, a corrosion inhibitor and an iron and manganese sequestering agent are
added.

The current treatment objectives are iron, manganese and radium removal, ammonia removal by
break-point chlorination, disinfection to maintain a chlorine residual in the distribution system,
and corrosion control. The unit processes are appropriate to achieve the removal of iron and
manganese to meet their secondary MCL’s of 0.3 mg/L and 0.05 mg/L, respectively. The
chlorination system has been successfully applied to achieve ammonia removal by break-point
chlorination and provide a disinfectant residual in the distribution system. The HMO system is
an appropriate technology to achieve radium removal, and the existing system has historically
removed radium to below the SDWA MCL’s of 15 pCi/L Gross Alpha Emitters and 5 pCi/L
Radium 226/228. However, the capacity of the HMO system, along with the recent IMAR™
filter replacement, must be optimized for radium removal and has not been operated with the
higher radium levels that exist in Well 7, although optimization of the HMO dosage may provide
radium removal to meet the SDWA MCL’s. The phosphate-based corrosion control chemicals
have been applied to meet the requirements of the Lead and Copper Rule successfully.

The Brandon WTP is currently capable of treating iron and manganese through oxidation by
aeration, adsorption by HMO, and particle removal via an IMAR™ granular media filter. The
HMO system was placed online in the fall of 2017 and is used to reduce radium concentrations
in the water as well as remove iron and manganese. Ammonia in the raw well water is removed
through break-point chlorination. Currently, there is no treatment technology used to reduce raw
water hardness levels. Figure ES 1 illustrates the process schematic for the Brandon WTP.
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Figure ES 1 Process Schematic of Existing Water Treatment Plant

Water Treatment Capacity Summary

Table ES 3 summarizes the water treatment system production rates and firm capacities. Under
the current setup of operating wells and defining the firm capacity as the largest pump being
taken offline, the firm capacity is then slightly above 800 gpm, which is about half the required
flow rate needed to meet the demands during the peak months. The treatment plant is not limited
by any one treatment process and can continually produce its design capacity of 2,000 gpm with
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only one to two backwashes per day requiring a temporary slowdown in production. So, while
the design application rate of the filters could enable a firm capacity of 2,000 gpm, this firm
capacity has not been tested.

Table ES 3 Water Treatment System Capacities Summary

Raw Water Production Water Treatment Plant Production
Current C;grf;lnt Future! Capacit Firm
Item Capacity . Firm Capacity Item pactty Capacity
(gpm) Capacity (gpm) (gpm) (gpm)
(gpm)
Well 1 160-190 160-190 160-190 Aerator 2,000 2,000
Well 3 650 650 650 Detention 2,000 2,000
Well 6 1,250- X 1,250-1,750 Plant 2,000 2,000
1,750 Conveyance
Well 7 X X 1,200 Filters 2,000? 2,000?
1,800-
Well 8 2.000 X 1,800-2,000 HSPs 3,100 2,400
2,060- 3,460-3,890 Total
Total 2440 | 810890 1 (5056 MGD) |  capacity 2,000 2,000

! Future firm capacity assumes wells 7 and 8 are available for water production.
2 This capacity has not been tested. Firm capacity may be impacted by IMAR™ media performance.

Existing Facility Assessment

The project team completed an evaluation of the WTP facility support system during the facility
assessment including building electrical and control systems, building mechanical systems, and
structural/architectural conditions.

Overall, the existing WTP is in good operating condition with some areas of suggested

improvement or replacement. The list of recommended improvements is included in Chapter 5
of the Facility Plan.

Water Treatment Technologies

A wide variety of chemical, physical, and biological processes are available to treat natural
waters and produce safe and palatable drinking water. This Chapter introduces treatment
technologies that can be included in alternatives for removal of contaminants known to occur or
to be potentially present in the Big Sioux and Split Rock Creek (SRC) Aquifers near Brandon,
South Dakota. Naturally occurring contaminants that pose potential health concerns include
microbial pathogens, organic chemicals, inorganic chemicals and radionuclides. Other
contaminants pose only aesthetic concerns in potable water supplies such as objectionable tastes
and odors, color, cloudiness, scaling on household fixtures and in boilers, and staining of fixtures
and laundry. Applicable drinking water regulations and their associated enforceable standards
and non-enforceable guidelines are discussed in some detail in Chapter 3.
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The Facility Plan outlines treatment technologies and their comparative effectiveness that could
be used to achieve the City’s finished water quality goals. The treatment objectives important
for the City include the control and removal of radionuclides, nuisance metals such as iron and
manganese, and the inorganic constituents that comprise hardness and total dissolved solids.
Processes will be selected from these technologies to develop treatment alternatives for
groundwater sources originating from the Big Sioux and SRC Aquifers. The recommended
process technologies will be used to develop improvement/expansion concepts in subsequent
chapters. Technologies evaluated throughout the Facility Plan include:

e Pretreatment
o Aecration
o Chemical Oxidation Process
o Adsorption
o WRT
* Softening
o Lime Softening
o Membrane-Based Softening
o Ion Exchange
e Filtration
o Gravity Filtration
o Pressure Filters
o Low-Pressure Membrane Filtration
* Disinfection Strategies
o Free Chlorine
o Chloramine Disinfection
o Chlorine Dioxide
o Ozone
o Ultraviolet Light Disinfection
* Residuals Management
o Sludge Ponds
Mechanical Dewatering
Filter Belt Press
Centrifuge
Landfill
o Membrane Concentrate Disposal
e Process Ventilation
o Radon Ventilation
o Other Process Ventilation

O O O O

Expansion Alternatives

The growing population in the City of Brandon and the corresponding increases in demand for
water, require the City to increase the capacity of their existing water treatment plant (WTP).
The alternatives were developed to address radionuclide removal, iron and manganese oxidation
and removal, and two technologies for hardness removal. The City of Brandon and the project
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team developed the treatment objectives and criteria for design. In addition, regulatory issues
must be considered. For the City of Brandon, guidance from the 10 States Standards, along with
standard industry practices and professional judgement, will be utilized.

As basis for the development of improvements/expansion concepts for the Brandon WTP, a
series of assumptions were developed as follows:

* Finished water quality must meet the EPA’s Safe Drinking Water Act (SDWA) primary

drinking water standards as well as the water treatment objectives and goals outlined in
Chapter 4.

* A majority (90% or greater) of the City’s future water needs will be met by wells drawing
water from the Split Rock Creek (SRC) Aquifer. The rest of the water will come from
the Big Sioux Aquifer.

* Well 1, which pulls water from the Big Sioux Aquifer, will continue to be used and is
expected to contribute approximately 190 gpm.

*  Well 3 will be piped to the existing WTP to be treated at the current and expanded WTP.
Well 3 is anticipated to produce around 650 gpm.

* Capacity and treatment goals established in Chapter 2 and Chapter 4.
* Connection to the distribution system will remain adjacent to the WTP.

* All alternatives assumed the same staffing requirements with no additional staffing
expected.

System redundancy is a crucial component in consideration of the need to maintain uninterrupted
operation of a water supply system. All of the expansion alternatives considered redundancy for
crucial equipment (pumps, chemical feed, etc.). For the main process treatment systems, the
alternatives at a minimum considered multiple trains, such as two aerators or two lime softening
basins, to allow water production to continue even at a temporarily reduced capacity.

Based on the existing treatment systems in the WTP and the goals established for the expansion,
four alternatives were developed for further evaluation. Two alternatives expand on the existing
treatment systems (no softening) and the other two alternatives include softening treatment
systems added to the facility. Alternatives 1 and 2 both expand the existing WTP and utilize the
existing treatment processes with an added barrier to radionuclides added to Well 7 in
Alternative 2. Alternatives 3 and 4 add softening to the treatment train to achieve hardness
removal. Alternative 3 uses Reverse Osmosis (RO) for hardness removal and follows the
existing treatment approach while providing a multi-barrier approach to contaminants.
Alternative 4 uses lime softening to remove hardness. The solids contact basin for Alternative 4
eliminates the need for Hydrous Manganese Oxide (HMO), as this treatment approach
effectively removes radionuclides as well as iron and manganese.
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Opinion of Probable Project Costs for the Proposed Alternatives

Opinions of probable project costs were developed for each of the four alternatives. Costs were
based on recent bids obtained for similar work, quotes from suppliers, and prior experience and
engineering judgment. Capital costs have been estimated for year 2020 as well as for the
estimated midpoint of construction, year 2023, using an annual inflation rate of 4 percent.

The opinions of probable project cost provided within this Chapter are based on conceptual
designs and not detailed designs. Furthermore, the opinions of probable project cost are made on
the basis of the experience, qualifications, and best judgment of the project team as experienced
and qualified professionals generally familiar with the water treatment industry. However,
because the designs may change and the project team has no control over the cost of labor,
materials, equipment, contractor’s methods of determining prices, or over competitive bidding
market conditions, the opinions of probable project cost presented in this Chapter are considered
planning level by nature. The estimated costs are subject to refinement as the facilities are
developed in greater detail during the preliminary and final design phases.

Multiplier percentages were used to estimate installation, which includes contractor overhead
and profit. The percentages utilized varied based on the nature, scope, and complexity of the
work to be performed. A multiplier of eight percent of the general, mechanical, and electrical
construction costs was used to estimate the General Requirements for each concept. Multiplier
percentages were similarly used to estimate other project costs such as engineering design,
bidding, and construction phase services (16 percent), legal and administrative costs (4 percent),
and contingencies (30 percent).

The opinion of probable project cost for each alternative is shown in Table ES 4.

Table ES 4 Summary of Opinion of Probable Project Costs of the WTP Facility Planning

Alternatives
WTP Alternative Opinion of Probable Project Costs
(Year 2023)
Alternative 1 — Expansion of Existing WTP $12,980,000
Alternative 2 — Expansion of Existing WTP with WRT $17.310.000
Radionuclide Removal at Well 7 T
Alternative 3 — Expansion of Ex.lstlng WTP with Membrane $22.610,000
Softening
Alternative 4 — Expansion of .EX1st1ng WTP with Lime $24.430,000
Softening
Economic Analysis

Along with the total conceptual opinions of probable project costs, annual O&M costs were
developed for each alternative. For this analysis, the existing O&M budget was included with
the operating costs that vary between the alternatives. These variable operating costs are
primarily a function of which water treatment technologies are used.
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The operating costs were assumed to be a function of the water treatment technologies. The
projected demands were developed through the long-term planning horizon as discussed in
Chapter 2. The project average daily demand and peak demand for 2045 are 1.6 MGD and 4.0
MGD respectively, and for 2070 are 2.2 MGD and 5.5 MGD respectively.

A summary of the estimated variable O&M costs is provided in Table ES 5.

Table ES 5 Summary of O&M Costs for the WTP Expansion Alternatives

WTP Alternative Opinion of O&M Cost Summary

Existing Water Utility O&M Budget $1,100,000

Alternative 1 — Expansion of Existing WTP $1,174,000

Alternative 2 — Expansion of Existing WTP with WRT $1,494,000

Radionuclide Removal at Well 7

Alternative 3 — Expansion of Existing WTP with Membrane $1,407,000
Softening

Alternative 4 — Expansion of Existing WTP with Lime $1,401,000
Softening

Environmental Considerations

The positive and negative environmental impacts of the alternatives for the project are addressed
in this chapter of the Facilities Plan. This project will require compliance with the National
Environmental Policy Act (NEPA), Fish and Wildlife Coordination Act, Endangered Species
Act, and Clean Water Act. To ensure that social, economic, and environmental effects are
considered in the development of this project, AE2S solicited review and comment of the
proposed project from the following agencies:

= South Dakota Game, Fish and Parks Department

= United States Fish and Wildlife Service (USFWS)

= United States Department of Agriculture (USDA) National Resources Conservation
Service (NRCS)

= United States Army Corps of Engineers (Corps)

AE2S requested that each agency review the information provided to them about the project and
provide written comments or recommendations relative to the impact of this project on wetlands,
endangered species, threatened species, or their habitat. Information or comments relating to
environmental or other matters that are furnished will help determine the impacts of the project.
The responses from these environmental solicitations are included in Appendix A of this
Facilities Plan.

Recommended Alternative — Alternative 3

The alternatives were evaluated based on project costs, building size and layout on the existing
site, operational complexity, and meeting the treatment objectives. While Alternatives 1 and 2
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have the lower project costs they do not meet the treatment goal of softening the water to match
the hardness of surrounding water systems. Alternatives 3 and 4 both meet the treatment
objectives, but lime softening (Alternative 4) has more operational complexity and would require
a larger building on the limited site space. As a result of the alternative evaluation, the project
team recommends Alternative 3 (Expansion with Membrane Softening) for implementation. A
planning level site layout for Alterative 3 is shown below in Figure ES 2 and Figure ES 3.
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Figure ES 2 Alternative 3 Building Plan
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Figure ES 3 Alternative 3 Site Plan
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