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Executive Summary

The Madison Metropolitan Sewerage District (District) Nine Springs Wastewater Treatment Plant
(NSWTP) provides treatment of wastewater collected from the Madison metropolitan area. The
District is a special purpose government agency as defined by the State of Wisconsin Statute 200,
and is governed by a 5-member commission.

Increasingly stringent effluent limits for chloride are expected to be enforced for the NSWTP in the
future by the Wisconsin Department of Natural Resources (WDNR). The Wisconsin Pollutant
Discharge Elimination System (WPDES) permit for the NSWTP contains a variance to the water
quality standard for chloride, but includes several conditions relative to the variance. These conditions
include meeting interim effluent limits for chloride, and implementing source reduction measures to
reduce the chloride load to the NSWTP. However, it is expected that the interim chloride limits for the
NSWTP will be reduced in future permits with the ultimate goal of meeting the Water Quality Based
Effluent Limit (WQBEL). Since the effluent receiving streams, Badger Mill Creek and Badfish Creek,
provide minimal dilution of the NSWTP effluent, the future chloride limits are expected to reflect the
WQBEL of 395 mg/L on a weekly average basis. The District has therefore undertaken this study to
identify and rank alternatives for compliance at the NSWTP with the future chloride WQBEL.

Several technology options were identified to minimize the discharge of chloride to the NSWTP, and to
provide removal of chloride from the effluent of the NSWTP. Technology options were then selected
and grouped to form alternatives for further development and evaluation. AECOM completed a Triple
Bottom Line (TBL) analysis in conjunction with the District's technical team to select technology
options and to rank alternatives developed from the technology options. The TBL determination of
project ‘value’ is carried out through a system of measurement that has two main elements:

= |Indicators that are designed to measure certain attributes of value

= Arating system that applies a consistent set of rules to normalize, interpret, classify, aggregate
and represent the measure indicator values to make them useful for decision-making.

AECOM’s TBL tool compares proposed alternatives across three different categories:

= Financial and operational — compares financial impact to project and operational considerations
= Environmental — compares impacts on local environment

= Social and community — compares impacts and risks on local residents and their acceptance of
proposed strategies as well as the project’s role in shaping the District’s image as a leader in
innovative environmental technologies

Each category is made up of multiple criteria, built upon measurable indicators. AECOM worked with
the District review team to select and define the criteria used in the TBL analysis. Selected criteria
and the scoring system are described in Section 4.0.

Mass balances were constructed to estimate the sources and fate of chloride at the NSWTP for the
current and future design conditions. A future design year of 2030 was selected to provide
consistency with the District’s other capital planning work. A summary of the mass balance scenarios
is provided below. Details of the mass balances are provided in Figures 2-1 through 2-6.
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Summary of Chloride Mass Balance Scenarios

Figure Influent Flow Rate Influent Chloride Load Effluent Chloride Load
Current annual average
140,000 Ibs/day (414 mg/L)
Current maximum day
169,400 Ibs/day (502 mg/L)
Current maximum day
169,400 Ibs/day (358 mg/L)
2030 annual average
169,400 Ibs/day (456 mg/L)
2030 maximum day
204,974 Ibs/day (552 mg/L)
2030 maximum day
204,974 Ibs/day (394 mg/L)

2-1 Current annual average (40.50 MGD) 141,958 Ibs/day (420 mg/L)

2-2 Current annual average (40.50 MGD) 170,958 Ibs/day (509 mg/L)

2-3 Current maximum day (56.70 MGD) 171,303 Ibs/day (363 mg/L)

2-4 2030 annual average (44.55 MGD) 173,050 Ibs/day (466 mg/L)

2-5 2030 annual average (44.55 MGD) 206,883 Ibs/day (562 mg/L)

2-6 2030 maximum day (62.37 MGD) 207,546 Ibs/day (402 mg/L)

The evaluation of chloride sources to the NSWTP revealed that chloride contributed as a result of the
use of zeolite water softeners by the District’s residential, commercial and industrial customers is the
most significant source, contributing an estimated 57% of the total chloride load on an annual average
basis. Zeolite water softeners contribute chloride to the NSWTP as a result of the salt that is used to
regenerate the zeolite resin. Also significant is the discharge of chloride by industrial customers,
contributing an estimated 18% of the total load on an annual average basis. A summary of the annual
average chloride contributions to the NSWTP is provided below. It should be noted that the relative
chloride contributions may vary seasonally, largely due to the impacts of road de-icing which takes
place during cold weather months.

Summary of Annual Average NSWTP Wastewater Chloride Contributions

Annual
Annual Average
. . Average
Chloride Source Chloride Mass
(Ibs/day) Percent of
Y Total
Background from potable water supply wells 11,491 8 %
Typical contribution from domestic wastewater 11,829 8 %
Zeolite water softener contribution 80,500 57 %
Industrial input 25,000 18%
NSWTP chemicals, septage and hauled waste 3,138 2%
Road de-icing 10,000 7%
TOTAL 141,958 100 %

A number of technology options were identified to eliminate the need for use of zeolite softeners, and
to provide treatment for removal of chloride at the NSWTP. Additional technology options were
identified to address the waste residuals that would be generated as a result of chloride treatment.
The technology options are summarized below.
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= Source reduction options
= Reducing chloride concentrations in well water supplies
=  Softening of well water supplies to eliminate need for residential zeolite softeners
= Reducing chloride load from industrial/commercial sources and zeolite softeners
= Chloride Treatment at NSWTP
= Minimize or eliminate chemicals that contribute chloride at NSWTP
=  Treatment of NSWTP effluent to remove chloride
= Reverse osmosis
= Electrodialysis reversal
= |on exchange
=  Brine minimization
= Microfiltration/reverse osmosis
=  Softening followed by microfiltration/reverse osmosis
= Evaporation
=  Brine concentration/crystallization
= Freeze/thaw
= Natural treatment systems
= Evaporation ponds
= Brine disposal
o Deep well injection
e Industrial waste disposal facility
= Beneficial use
e Storage and use for winter road de-icing
e Other beneficial uses for concentrated salt solution
As required by the WPDES permit, several chloride pollution prevention and source reduction
measures are currently being implemented by the District, including:
= Source reduction for industrial/commercial customers
= Education of residential customers regarding use of residential zeolite softeners
= Encouraging water softening efficiency improvements

= Minimized use of chloride-containing chemicals at the NSWTP

The TBL screening process was used to identify three chloride compliance alternatives for further
development and evaluation. These alternatives were selected during a workshop with the District's
technical team, and include:

Chloride Compliance Study for NSWTP June 2015
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= Source water softening at either individual water supply wells or a centralized treatment facility

= Treatment of a portion of the NSWTP effluent using reverse osmosis and various degrees of brine
minimization technologies

= Treatment of a portion of the NSWTP effluent using electrodialysis reversal and various degrees
of brine minimization technologies

Conceptual design information was developed for each of the three chloride compliance alternatives
and variations. Based on an analysis of historical data, it was determined that a firm design capacity
of 15 MGD would be required for the chloride treatment system at the NSWTP, in order to reliably
achieve the target weekly average chloride limit of 395 mg/L during the future design year 2030. The
system would need to operate at an average annual rate of 2.6 MGD during the current chloride and
hydraulic loading conditions and at an average annual rate of 7.3 MGD during the future design year
2030. Chloride treatment rates are anticipated to vary seasonally, with higher treatment rates required
during colder temperature months when chloride contributions to the NSWTP are the highest. For the
source water softening alternatives, it was determined that the wells that supply approximately 60% of
the NSWTP flow would need to be softened to offset an adequate amount of zeolite softener use
during months with the highest chloride loads to the NSWTP, for a total softened water capacity of
approximately 50 MGD.

Conceptual design information included a basis of design for source water softening and for chloride
treatment at the NSWTP, identification and sizing of major treatment equipment, process flow
diagrams and associated mass balances, and site plans. The primary focus of this study was to
evaluate chloride compliance alternatives at the NSWTP, and therefore the alternatives related to
treatment at NSWTP (Alternatives 2A, 2B, 2C, 3A, 3B, and 3C) were developed in somewhat greater
detail than those that involved softening of the potable water supply (Alternatives 1A and 1B).
Descriptions of the chloride compliance alternatives and conceptual designs are provided in Section
6.0. Details of the conceptual design information are provided in the appendices to this document. A
summary of the chloride compliance alternatives is provided below.

Summary of Chloride Compliance Alternatives

Alternative L.
Description

Treatment for removal of hardness at water supply source (and associated
Source water softening elimination of residential, commercial, and industrial zeolite water softeners).
1A | —wellhead treatment for | Treatment consists of membrane softening located at individual wells. It was
hardness (22 wells) assumed that 22 individual treatment systems each capable of softening a 3.0
MGD raw water supply would be required.

Treatment for removal of hardness from water supply at a centralized location
(and associated elimination of residential, commercial, and industrial zeolite
Source water softening water softeners). Treatment consists of membrane softening located at a single
— centralized treatment centralized treatment site. It was assumed that the centralized system would be
for hardness (50 MGD capable of producing 50 MGD of softened water. Infrastructure improvements to
firm capacity direct water from supply wells to the treatment facility and from the treatment
facility to the distribution system are assumed to include 135 miles of watermain
at a cost of $1,000,000 per mile.

1B

Chloride Compliance Study for NSWTP June 2015
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Alternative

Description
Treatment of up to 15 MGD of NSWTP effluent using reverse osmosis
oA Treatment at NSWTP technology for chloride removal. Treatment includes handling and disposal of up
using RO to 1.5 MGD of concentrated brine waste. Annual average treatment rate
assumed to be 7.3 MGD for the future year 2030 design condition.
Treatment at NSWTP Treatment of up to 1.5 MGD of NSWTP effluent using .reverse 'osm05|s
) . . technology for chloride removal, followed by evaporation of brine to reduce
using RO with brine ) . . .
2B L . volume for disposal. Treatment includes handling and disposal of up to 0.15
minimization using .
evaporation MGD of concentrated brine waste. Annual average treatment rate assumed to
P be 7.3 MGD for the future year 2030 design condition.
Treatment at NSWTP Treatment of up to 1'5 MGD of NSWTP effluent using .reverse osmos!s .
) . . technology for chloride removal, followed by evaporation and crystallization of
using RO with brine . . . . .
L . brine to reduce volume for disposal. Treatment includes handling and disposal
2C | minimization using .
evaporation and of up to 102 tons per day of concentrated brine waste. Annual average
P o treatment rate assumed to be 7.3 MGD for the future year 2030 design
crystallization "
condition.
Treatment of up to 15 MGD of NSWTP effluent using electrodialysis reversal
3A Treatment at NSWTP technology for chloride removal. Treatment includes handling and disposal of up
using EDR to 1.5 MGD of concentrated brine waste. Annual average treatment rate
assumed to be 7.3 MGD for the future year 2030 design condition.
Treatment at NSWTP Treatment of up to 1.5 MGD of NSWTP effluent using .electrod'laIyS|s reversal
) . . technology for chloride removal, followed by evaporation of brine to reduce
using EDR with brine ) . . .
3B L . volume for disposal. Treatment includes handling and disposal of up to 0.15
minimization using .
evaporation MGD of concentrated brine waste. Annual average treatment rate assumed to
P be 7.3 MGD for the future year 2030 design condition.
Treatment at NSWTP Treatment of up to 1 5 MGD of NSWTP effluent using .electrodlaIyS|s _revgrsal
) . . technology for chloride removal, followed by evaporation and crystallization of
using EDR with brine . . : . .
L . brine to reduce volume for disposal. Treatment includes handling and disposal
3C | minimization using

evaporation and
crystallization

of up to 102 tons per day of concentrated brine waste. Annual average
treatment rate assumed to be 7.3 MGD for the future year 2030 design
condition.

Some key considerations for each alternative include:

1A — Source water softening — wellhead treatment for hardness removal

Treatment of a portion of the water supply to remove hardness using nancfiltration or reverse osmosis
technology would eliminate the need for residential, commercial and industrial use of zeolite softeners,
which contribute chloride to the sewer system. An estimated 22 individual treatment systems would
be required for wellhead softening. This approach would minimize the need for modifications to the
water distribution system, but would require construction and operation of a significant number of
water treatment systems. Only those customers located in areas served by water treatment systems
would receive softened water; therefore, not all customers served by the District would receive the
same level of water service. This alternative would be successful only if customers served by
softened water eliminated the use of their zeolite softening systems, which may be difficult to enforce
by the District and its customer communities. Wastewater generated from the water treatment
systems would be discharged to the District sewer system, and would result in increased hydraulic
load to the NSWTP.

Chloride Compliance Study for NSWTP
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1B — Source water softening — centralized treatment for hardness removal (50 MGD firm
capacity)

This alternative is similar to 1A, except that a single water treatment plant would be constructed and
operated to soften a firm design capacity of approximately 50 MGD of water. The annual average
operating capacity of the centralized water softening facility would be 23.8 MGD. Significant water
distribution system improvements would be required to convey well water to the new water softening
plant, and to transfer softened water back to the various existing water distribution pressure zones.
Only a portion of the District's customers would receive softened water, and those customers would
need to eliminate their use of zeolite softeners in order to achieve the required reduction in chloride
load to the NSWTP. The hydraulic load to the NSWTP would increase due to discharge of
wastewater from the centralized water softening plant.

2A — Treatment at NSWTP using reverse osmosis

Removal of chloride from a portion of the NSWTP effluent utilizing reverse osmosis technology would
result in a blended effluent chloride concentration below the weekly average limit. Pretreatment would
be required to remove low concentrations of suspended solids from the NSWTP secondary effluent
and protect the reverse osmosis membranes from excessive fouling. The treatment system would be
housed within a building, and would occupy a significant area at the NSWTP. A large volume of
wastewater containing concentrated chloride would be generated by the reverse osmosis system, and
would pose a significant challenge for storage, handling and disposal. It is expect that the wastewater,
or brine, would need to be disposed off-site at a deep well disposal facility (outside of Wisconsin), or
an industrial wastewater facility. The expected cost for disposal of the brine is substantial.

2B — Treatment at NSWTP using reverse osmosis and brine minimization using evaporation
This alternative is the same as 2A, with the addition of an evaporator system to reduce the volume of
the brine produced by the reverse osmosis system. The evaporator system would require additional
space at NSWTP, and would be housed within a building. The evaporator system requires substantial
energy to evaporate water from the brine to reduce the volume for disposal. The capital and operating
costs of the evaporator are significant; however, substantial savings in disposal cost are expected due
to reduced brine volumes.

2C — Treatment at NSWTP using reverse osmosis and brine minimization using evaporation
and crystallization

This alternative is the same as 2B, with the addition of a crystallizer system to further reduce the
volume of the brine from the reverse osmosis system. The resulting waste product would be in the
form of a slurry. The addition of the crystallizer system increases the space requirement, capital and
operating costs compared to alternatives 2A and 2B. However, the hauling and disposal costs would
be the lowest of the alternatives utilizing reverse osmosis treatment at the NSWTP.

3A — Treatment at NSWTP using electrodialysis reversal

Alternative 3A is similar to 2A, except that electrodialysis reversal technology would be used for
removal of chloride from a portion of the NSWTP effluent instead of reverse osmosis. Electrodialysis
reversal is less susceptible to fouling by suspended solids compared to reverse osmosis, and
therefore pretreatment is not expected to be required. Electrodialysis reversal technology is currently
available from only a single equipment supplier. The equipment would be housed within a building,
and would require a significant amount of space at the NSWTP. Similar to reverse osmosis, a major
drawback of this alternative is that a large volume of wastewater containing concentrated chloride
would be produced, requiring storage and off-site disposal. Handling and disposal would represent a
significant annual cost.

Chloride Compliance Study for NSWTP June 2015
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3B — Treatment at NSWTP using electrodialysis reversal and brine minimization using
evaporation

This alternative is the same as 3A, with the addition of an evaporator system to reduce the volume of
the brine produced by the electrodialysis reversal system. The evaporator system would require
additional space at NSWTP, and would be housed within a building. The evaporator system requires
substantial energy to evaporate water from the brine to reduce the volume for disposal. The capital
and operating costs of the evaporator are significant; however, substantial savings in disposal cost are
expected due to reduced brine volumes.

3C — Treatment at NSWTP using electrodialysis reversal and brine minimization using
evaporation and crystallization

This alternative is the same as 3B, with the addition of a crystallizer system to further reduce the
volume of the brine from the electrodialysis reversal system. The addition of the crystallizer system
increases the space requirement, capital and operating costs compared to alternatives 3A and 3B.
However, the hauling and disposal costs would be the lowest of the alternatives utilizing electrodialysis
reversal treatment at the NSWTP.

Projected capital, and annual operating and maintenance costs were developed at a conceptual level
for the treatment alternatives summarized above. The estimated capital costs are consistent with a
Class 4 estimate as defined by the Association for the Advancement of Cost Engineering
International, with an expected accuracy range of -30% to +50%. The capital and annual costs were
used to develop a net present value cost for each alternative. The projected capital, annual operating
and maintenance, and net present value costs are presented in the following table. Annual operation
and maintenance costs for the current operating condition (2.6 MGD annual average flow) and for the
peak operating condition (15 MGD) are included in Section 7.0.

Conceptual Chloride Compliance Cost Projections

Annual O&M Cost
Chloride Compliance Alternative Capital Cost ;;T;ggi?/?:gg; NetVI;:Ezent
Flow
Source Water Softening
1A | Wellhead softening (22 well sites) $91,512,000 $10,854,000 $287,800,000
Centralized softening (50 MGD firm capacity) $75,300,000
Allowance for distribution system upgrades
1B | (135 milos at $1 000,000 pgr il Pg $135,000,000 $10,094,000 | $386,000,000
Subtotal, centralized softening $210,300,000
UF/RO Treatment at NSWTP
2A | UF/RO with recovery RO $86,833,000 $136,678,000 | $2,348,800,000
2B | UF/RO with recovery RO and evaporator $170,731,000 $26,272,000 $619,000,000
2C UF/RO.W|th recovery RO, evaporator and $193.483,000 $15.492,000 $464.400,000
crystallizer
EDR Treatment at NSWTP
3A | EDR $80,824,000 $135,331,000 | $2,319,100,000
3B | EDR with evaporator $164,722,000 $24,835,000 $589,300,000
3C | EDR with evaporator and crystallizer $187,474,000 $14,054,000 $434,800,000
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The District requested that a rough projection be made of the costs for treatment of all of the effluent
from the NSWTP. Removal of chloride from all of the NSWTP effluent would result in an effluent that
would contain a very low concentration of dissolved solids, which could be detrimental for discharge to
the receiving streams. The cost and challenges associated with management and disposal of the
waste stream produced by the chloride treatment system would also be significantly increased, and
the treatment system would need to include equipment for reducing the volume of waste brine prior to
off-site disposal or beneficial use. Capital and annual operation and maintenance costs for treatment
of all of the NSWTP effluent were estimated by factoring the conceptual costs for the 15 MGD chloride
treatment systems. The capital cost for a chloride treatment system sized for a capacity of 50 MGD is
projected to range from $500,000,000 to $600,000,000; the annual operation and maintenance cost is
projected to range from $75,000,000 to $150,000,000, depending on the extent of brine minimization
and assuming off-site disposal of brine.

Data sheets were prepared for each alternative to provide input for the TBL analysis. Information was
included for each of the 17 criteria selected by the District. The data sheets and the results of the TBL
analysis are provided in Appendix E. A summary of the TBL analysis is shown below. An enlarged
version of the TBL analysis is provided at the end of this Executive Summary.

Each of the 17 criteria is color-coded by degree of positive and negative impacts on the criteria. The
thickness of each slice is represented by the relative weights assigned by the District, thereby visually
limiting or expanding the area of the circle represented by each criterion. A list of key performance
metrics is included below each chart to provide quantified indicators such as total net present value
cost, total energy use and carbon footprint.

The TBL analysis indicates that Alternatives 1A, 1B, 2A, 3A, and 3C rank the highest among the
alternatives, with 1A achieving the highest overall score. However, each of these alternatives scores
differently across the financial and operational, environmental, and social and community categories,
making a single recommendation base on the analysis not immediately obvious.
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A comparison of overall scores in the social, environmental, and financial categories is displayed in
the adjacent graphs.

Alternative 1A had the strongest
performance in the financial category,
but scored the lowest of the
alternatives in the social category.
Alternatives 2A and 3A had strong
overall performance in the
environmental category, but have far
higher costs and poorer performance
in the financial and operational
category. Within the social category,
2A and 3A have positive impacts with
leadership/innovation and worker
safety, but significantly negative
impacts on public health. Alternatives
2C and 3C had the highest overall
scores in the social category. When
interpreting the results of the TBL
analysis, note that the analysis is
sensitive to the type of scoring and
weighting factors selected by the
AECOM and District review team.
Some inputs to the TBL analysis rely
on judgment as exercised by the
evaluators.

The chloride compliance study provides information that can be used by the District, including chloride
compliance alternatives and associated costs, to help determine an appropriate strategy for future
compliance with the expected chloride discharge requirements at the NSWTP. The TBL analysis
highlights the positive and negative impacts of the project alternatives with respect to financial,
environmental and social externalities. Ultimately, the District and public representatives will need to
weigh the negative consequences against the positive attributes of each alternative to select an
optimum strategy for the greater Madison community. The strategy may require the cooperation of
the District's customers, as well as other municipal agencies, to achieve the overall chloride
compliance objectives in a manner that best meets the needs of the community.
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1.0 Introduction

The Madison Metropolitan Sewerage District (District) has undertaken a proactive evaluation of
alternatives to comply with the future weekly average mass and concentration limits for chloride at the
Nine Springs Wastewater Treatment Plant (NSWTP). The future chloride limits are expected to reflect
the Water Quality Based Effluent Limit (WQBEL) of 395 mg/L on a weekly average basis for effluent
discharges to Badger Mill Creek and Badfish Creek.

1.1 Background

The District is a municipal corporation created for the purpose of collecting and treating wastewater
from the Madison metropolitan area. The District provides service to over 40 municipal customers and
serves a population of 360,000 people. All wastewater generated in the District’'s 180 square mile
service area is treated at the NSWTP. The current design flow rate for the NSWTP is 50 million
gallons per day (MGD).

The NSWTP employs screening and grit removal, primary clarification, and a biological phosphorus
removal activated sludge process for removal of suspended solids, organic matter (measured as 5-
day biochemical oxygen demand, or BODs), ammonia-nitrogen and phosphorus from the influent raw
wastewater. An ultraviolet (UV) process is used to disinfect treated wastewater prior to discharge.
Biosolids are stabilized in an advanced anaerobic digestion process, including mesophilic and acid-
phase digestion. Thermophilic digestion is also used for a portion of the biosolids produced by the
NSWTP. Digester gas is used in hot water boilers, steam boilers and three reciprocating engines
equipped with heat recovery equipment. Struvite is harvested from the biosolids for use as a fertilizer
product. Treated biosolids are recycled to agricultural lands as a liquid.

Final effluent from the NSWTP is pumped to two effluent-dominated streams. Badger Mill Creek
receives approximately 8 percent (up to 3.6 MGD) of treated effluent, and the remaining treated
effluent is returned to Badfish Creek.

The District’'s Wisconsin Pollutant Discharge Elimination System (WPDES) permit contains a variance
to the water quality standard for chloride. The District is required to meet several conditions relative to
the variance:

= Meet interim effluent weekly average mass and concentration limitations for chloride
= Implement specific chloride source-reduction measures
= Submit annual progress reports to the Wisconsin Department of Natural Resources (WDNR)

It is anticipated that the interim chloride limits for the NSWTP will be reduced in future permits with the
ultimate goal of meeting the WQBEL. Because Badfish Creek and Badger Mill Creek provide minimal
dilution, the WQBEL is expected to be the instream water quality standard of 395 mg/L on a weekly
average basis.
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Chloride concentrations in wastewater received by the NSWTP have been generally increasing, and
are inversely correlated to the plant flow rate. While annual average chloride concentrations are near
the WQBEL limit, weekly average chloride concentrations exceed 395 mg/L during some parts of the
year.

1.2 Purpose

The purpose of this evaluation is to identify and rank alternatives for compliance at the NSWTP with
the future chloride WQBEL of 395 mg/L on a weekly average basis. Impacts of the chloride
compliance alternatives, including effect on treatment of other wastewater constituents and
wastewater characteristics, and handling of residuals, were also identified. Technology options and
compliance alternatives were compared using a Triple Bottom Line (TBL) analysis tool specifically
developed for the District to reflect the District’s critical evaluation criteria and associated weighting for
each criterion. Criteria included social, environmental, and financial considerations. Chloride
compliance alternatives and TBL criteria were developed in conjunction with District staff to ensure
District preferences and priorities were incorporated into the evaluation.

This report provides a summary of the following elements of the chloride compliance evaluation:
= Chloride mass balance scenarios constructed for the NSWTP

= Preliminary options identified for compliance with the future chloride discharge limit at the
NSWTP

= TBL criteria used for evaluating chloride compliance options and alternatives
= Selection of chloride compliance alternatives
= Development of conceptual design information and cost projections

= TBL analysis of chloride compliance alternatives
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2.0 Chloride Mass Balance

The District has developed an Excel workbook to describe the mass balance of various wastewater
constituents for current operations and for future years. The mass balance is used by the District to
define future conditions for capital planning purposes. The mass balance and associated calculations
were used to evaluate several design conditions for chloride contributions at the NSWTP. A flow
diagram was prepared for the NSWTP to graphically depict the mass loads and concentrations of
chloride at various locations in the treatment plant, and for various mass balance scenarios.

The District selected the design year of 2030 for chloride compliance planning purposes. Both current
and future year 2030 chloride loads were calculated for the mass balance scenarios. Input
parameters, including plant flows and chloride loads, were reviewed with District staff for the average
and maximum day loads. The District provided direction regarding future hydraulic loads and chloride
concentrations to establish the future design condition.

Chloride loads to the NSWTP include:

= Collection system (influent wastewater)
= Septage

= Hauled waste (to digesters)

= Plant chemicals

Based on discussions with District personnel, it was determined that the maximum chloride loads
often occur during periods of average flow rather than peak day flows when chloride concentrations
are typically reduced. Additional mass balance scenarios were therefore constructed to reflect
maximum day chloride loads associated with current and year 2030 average day flows. The mass
balance scenarios are summarized in Table 2-1. Figures 2-1 through 2-6 in the Figures section of
this document illustrate the chloride mass balance flow diagrams for the various scenarios.

Table 2-1:
Summary of Chloride Mass Balance Scenarios

Figure Influent Flow Rate Influent Chloride Load Effluent Chloride Load
Current annual average
140,000 Ibs/day (414 mg/L)
Current maximum day
169,400 Ibs/day (502 mg/L)
Current maximum day
169,400 Ibs/day (358 mg/L)
2030 annual average
169,400 Ibs/day (456 mg/L)
2030 maximum day
204,974 Ibs/day (552 mg/L)
2030 maximum day
204,974 Ibs/day (394 mg/L)

2-1 Current annual average (40.50 MGD) 141,958 Ibs/day (420 mg/L)

2-2 Current annual average (40.50 MGD) 170,958 Ibs/day (509 mg/L)

2-3 | Current maximum day (56.70 MGD) 171,303 Ibs/day (363 mg/L)

2-4 2030 annual average (44.55 MGD) 173,050 Ibs/day (466 mg/L)

2-5 2030 annual average (44.55 MGD) 206,883 Ibs/day (562 mg/L)

2-6 2030 maximum day (62.37 MGD) 207,546 Ibs/day (402 mg/L)
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The current annual average chloride load to the NSWTP is approximately 140,000 pounds per

day. The chloride load is primarily comprised of three sources: background chloride concentrations
from the potable water supply wells, chloride contributions from residential, commercial and industrial
customers of the District, and runoff/infiltration from road de-icing activities. The relative contribution
from each source was reviewed to help inform decisions related to potential reductions in chloride
loads to the NSWTP.

It was assumed that typical domestic wastewater (without zeolite softening) contributes approximately
35 mg/L of chloride over background concentrations (“Wastewater Engineering: Treatment and
Resource Recovery,” Metcalf & Eddy/AECOM, Fifth Edition provides a range of 20 to 50 mg/L of
chloride contributed by domestic water use). Based on the current annual average flow rate of 40.5
MGD, domestic wastewater contributes an annual average baseline quantity of 11,829 pounds of
chloride.

Chloride is present in the ground water supplies which service the municipal water systems that
contribute to the NSWTP. Chloride concentrations in ground water from supply wells were found to
range from approximately 3 to 120 mg/L at various wells throughout the District service

area. Production rates for individual wells were evaluated to estimate a blended weighted average
chloride concentration of 34 mg/L. At the annual average current daily flow of 40.5 MGD, the annual
average chloride load to the NSWTP is estimated to be 11,491 Ibs/day attributable to background
concentrations from the water supply.

The contribution of chloride to the NSWTP from industrial sources was estimated by District staff to be
25,000 Ibs/day, on an annual average basis. Additional estimated inputs at the NSWTP include
chemicals used for biosolids conditioning, odor control and water treatment (2,232 Ibs/day), septage
received (200 Ibs/day) and hauled wasted received (706 Ibs/day) for a total of 3,138 Ibs/day.

Analysis of NSWTP effluent chloride data from October 2010 through April 2014 reveals that chloride
concentrations increase during winter months when road salt is used for de-icing purposes. The
timing and magnitude of the increased chloride concentrations appear to be dependent on and highly
correlated to weather conditions. The mass of chloride in the NSWTP effluent is approximately
130,000 pounds per day, absent the influence of road de-icing. Winter chloride mass loads are shown
to average 150,000 to 160,000 pounds per day for extended periods, with some occurrences
exceeding 200,000 pounds per day. Therefore, approximately 10,000 pounds per day of chloride
(140,000 pounds per day average load — 130,000 pounds per day background load) on an annual
average basis are attributable to road de-icing activities.

It was assumed the annual average chloride loads described above account for all chloride inputs with
the exception of zeolite water softeners. Therefore, by subtracting the total of the above individual
chloride contributions from the total average chloride load at the NSWTP, the chloride load attributable
to zeolite water softeners can be determined. This calculation results in an annual average chloride
load of 80,500 Ibs/day attributable to zeolite water softeners, as summarized in Table 2-2.
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Table 2-2:
Summary of NSWTP Annual Average Wastewater Chloride Contributions
Annual Average Annual
Chloride Source Chloride Mass Average
(Ibs/day) Percent of
Total
Background from potable water supply wells 11,491 8 %
Typical contribution from domestic wastewater 11,829 8 %
Zeolite water softener contribution 80,500 57 %
Industrial input 25,000 18%
NSWTP chemicals, septage and hauled waste 3,138 2%
Road de-icing 10,000 7%
TOTAL 141,958 100 %
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3.0 Chloride Compliance Options

Chloride compliance options were identified for reducing the chloride input to the NSWTP, removal of
chloride from the effluent of the NSWTP, as well as for addressing the residuals that would be
produced as a result of implementing many of the identified options.

3.1 Source Reduction

Options for reducing chloride concentrations in the water supply and/or wastewater influent to the
NSWTP are summarized in Table 3-1, located in the Tables section of this document. The source
reduction options are identified as options SR1 through SR8.

3.1.1 Reducing Chloride Concentrations in Well Water Supplies

Under option SR1, existing wells that supply potable water with higher chloride concentrations (greater
than 50 mg/L) would be replaced with new wells that are screened within aquifers that have lower
chloride concentrations. Under options SR2 and SR4, treatment for removal of chloride from the well
water supply would be provided either at the well head or in a centralized treatment facility prior to
distribution. Technologies for removal of chloride include reverse osmosis, electrodialysis reversal,
and anion exchange. These technologies are described in further detail in subsequent sections.

The concentration of chloride in blended source water from individual production wells typically
averages less than 35 mg/L. Therefore, reduction of chloride concentrations in the water supply wells
is expected to have minimal impact (less than 10 percent reduction) on the total chloride
concentrations observed in the influent to the NSWTP.

3.1.2 Softening of Well Water Supplies to Eliminate Need for Residential Zeolite
Softeners

Options SR3 and SR5 involve treatment of ground water pumped from supply wells to remove
concentrations of ions that contribute to hardness (calcium and magnesium). Under these options,
water at individual wells or centralized locations would be treated to reduce hardness. By reducing the
concentrations of calcium and magnesium in the water supply prior to distribution, the need for
residential, commercial and industrial zeolite softening systems will be reduced or eliminated. The
contribution of chloride which results from regeneration of the ion exchange media in individual zeolite
softeners will also be reduced or eliminated.

Several technologies are commonly applied for softening of water supplies:
= Lime softening is a chemical process in which calcium hydroxide and sodium carbonate are

mixed with the water to precipitate calcium carbonate and magnesium hydroxide. The
precipitated solids are removed via settling in clarifiers and are typically disposed off-site.
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= lon exchange takes place in filtration vessels containing engineered resin that exchanges
calcium and magnesium ions contained in the water for sodium ions contained on the ion
exchange resin. When the capacity of the media to exchange ions has been exhausted, it is
regenerated using a mineral acid (typically sulfuric acid). The waste chemical regenerant must
be neutralized and appropriately disposed.

= Nanofiltration is a membrane process that separates divalent ions such as calcium and
magnesium as the water is passed through an engineered membrane under pressure. A
similar process, reverse osmosis, provides separation of both monovalent and divalent ions,
and can also be used for water softening applications. lons which are not able to pass through
the membrane form a concentrated waste stream which requires handling and disposal.

Challenges associated with source water softening include:

= Some water uses, such as irrigation, do not require softened water. Therefore, more water would
be softened than is required for certain uses.

= Option SR3 would require maintenance of multiple individual softening systems, along with the
handling of residuals from multiple locations.

= Separation of the distribution systems would be complex, under scenarios where only a portion of
the source water is softened. If areas of softened water are not separated from non-softened
waters, the blended water quality will be inconsistent and may lead to customer complaints.

= Significant infrastructure upgrades would be required to provide transmission to and distribution
from centralized softening systems under option SR5.

= Action would be required by the District and customer communities to ensure removal of
residential water softeners in areas to which softened water would be provided. Removal of
residential water softeners may be difficult to enforce, and the resulting reduction in chloride load
may be less than expected if some portion of residential water softeners continue to be used.

= Water quality and fees for water would vary significantly among the District's customer
communities, depending on whether the community is served by softened or unsoftened water.

Softening of the source water supply under options SR3 or SR5 is appealing because it reduces or
eliminates a major source of chloride, sodium and potassium that currently originates from residential,
commercial and industrial water softeners to the NSWTP, as well as to the watershed as a whole.
However, implementation of a softening alternative is complex due to the requirement for numerous
softening systems located at individual water supply wells, or significant modifications to the well water
transmission and distribution systems to facilitate centralized water softening.

3.1.3 Reducing Chloride Load from Industrial/Commercial Sources and Zeolite
Softeners

Options SR6, SR7 and SR8 involve reducing the chloride load attributable to industrial/commercial
sources and residential water softeners. These initiatives are currently being undertaken by the
District. Under option SR6, the chloride load from industrial and commercial facilities would be
reduced by treatment or source elimination at the individual sources. The chloride contribution from
commercial/industrial customers, as reported by the District, is approximately 12% of the chloride load
to the NSWTP.
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Options SR7 and SR8 relate to the use of residential zeolite softeners. Initiatives to educate
residential customers regarding the impact of zeolite softeners on the chloride load to the watershed
(option SR7), and benefits associated with use of more efficient softeners (option SR8), are expected
to reduce the overall chloride load to the system. However, even under the best circumstances, it is
likely that chloride from these sources will continue to be the single largest contributor to the NSWTP.
The District is currently conducting studies in a defined area to better quantify the potential impact of
these chloride reduction measures.

3.2 Chloride Treatment at NSWTP

Options for reducing chloride concentrations in the effluent from the NSWTP are summarized in Table
3-2, located in the Tables section of this document. The chloride treatment options are identified as
options TP1 through TP4.

3.2.1 Minimize or Eliminate Chemicals that Contribute Chloride at NSWTP

Option TP1 involves minimizing the use of chloride-containing chemicals at the NSWTP. Several
chemicals are used to enhance odor control and sludge dewatering, and to facilitate recycle water
disinfection and nutrient recovery. These chemicals contribute approximately 2 percent of the chloride
load in the NSWTP wastewater, and include:

= Ferric chloride (FeCls) at digester and solids handling processes
= Sodium hypochlorite (NaOCI) for W-4 water disinfection

= Calcium hypochlorite (CaOCl,) for W-4 water disinfection

Muriatic acid (HCI) for aeration diffuser stone cleaning
= Magnesium chloride (MgCl,) for nutrient recovery in the Ostara process
= Sodium chloride (NaCl) for domestic and boiler water treatment

The plant staff has worked diligently to minimize these sources while maintaining effective overall
treatment. While minor reductions in the chloride contribution from these chemicals may be possible,
the impact to the overall plant chloride load would not be significant.

3.2.2 Treatment of NSWTP Effluent to Remove Chloride

There are a limited number of technologies used to remove chloride and other dissolved solids (TDS)
from wastewater. The selection of an appropriate technology is based on the specific inorganic
constituents that make up the TDS, as well as other wastewater characteristics and design
considerations. Reverse osmosis (RO), electrodialysis reversal (EDR) and ion exchange (IX)
technologies are commonly employed for TDS removal from water and wastewater to achieve various
water quality objectives. Since the removal efficiency for these technologies is high, it is likely that
only a portion of the NSWTP effluent would require treatment, and the treated and untreated effluent
would be blended to achieve the target water quality objective for chloride.
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3.2.2.1 Reverse Osmosis

In the reverse osmosis (RO) process (option TP2), dissolved solids such as chloride are removed by
passing the wastewater under pressure through a semi-permeable membrane. The RO membrane
provides a barrier to all dissolved salts and inorganic molecules, as well as organic molecules with a
molecular weight greater than approximately 100. Water molecules, however, are able to pass
through the membrane. Dissolved inorganic compounds are typically removed at an efficiency of 95%
to greater than 99%, depending on the RO membrane and the system operating conditions.

The RO system employs cross-flow filtration where the feed stream flows under pressure parallel
to the membrane surface. As the water molecules pass through the membrane by diffusion, the
rejected constituents remain in the concentrated feed stream. The continuous flow across the
membrane surface allows the rejected particles to be swept away from the membrane surface.
The resulting stream containing rejected inorganic and organic compounds is referred to as the
“concentrate” or “reject.” The water which passes through the membrane is referred to as
“permeate.” Expected permeate recovery from a RO system under this application is expected to
be in the range of 80 to 85 percent. Approximately 15 to 20 percent of the wastewater stream is
rejected by the RO membrane, and requires additional concentration through a second stage of
RO treatment, or management as a waste stream. The most common RO membrane
configuration is spiral wound, although newer membrane configurations are available to reduce
membrane fouling potential and are reported to require less pretreatment.

Several design and operating factors affect the performance of the RO membrane system, as
described below.

= The feed water pressure affects the water flux, or rate of permeate flow per unit of membrane
area, as well as the degree of rejection. With increasing feed pressure, the rejection rate and
permeate flux will also increase. Since RO membranes are imperfect barriers to dissolved
constituents, however, there will always be some transfer of these materials through the
membrane, and there is an upper limit to the amount of inorganic compounds that can be
excluded from the permeate via increasing feed pressure.

= As the feed water temperature increases, the water flux increases almost linearly due to the
higher diffusion rate of water through the membrane. Increased temperature also results in lower
rejection, or higher passage of wastewater constituents to the permeate stream.

= The concentration of dissolved salts affects the osmotic pressure of the feed water, and therefore
impacts the amount of pressure required to drive the water through the membrane. As the
concentration of dissolved salts increases, the permeate flux decreases, as does the rejection of
dissolved salts.

= The recovery rate is the ratio of permeate to feed flow. With increasing recovery, the permeate
flux decreases to the point where the osmotic pressure of the concentrate is as high as the
applied feed pressure. The rejection of wastewater constituents also decreases with increasing
recovery.
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The main operational concern associated with RO technology relates to fouling of the membranes.
Fouling occurs when the membrane pores become clogged with salts or obstructed by particulate
matter, which limits the amount of water that can pass through the membranes. RO membrane
fouling is controlled by selection of the appropriate pretreatment process and chemical addition, as
well as by cleaning the membranes when necessary. The clean-in-place operation is a manually
controlled function that is usually required infrequently. As the membrane fouling increases and
recovery of flux rates decreases with cleanings over time, it will become necessary to replace the
RO membrane units. The frequency of membrane replacement is dependent upon the feed water
quality, but in wastewater applications is usually required once every one to three years.

The effluent from the NSWTP contains low concentrations of suspended solids and organic matter.
Therefore pretreatment is required to protect the RO membranes from these fouling materials. Typical
pretreatment would include ultrafiltration (UF) for removal of particulate matter, possibly followed by
granular activated carbon adsorption or advanced oxidation for removal of dissolved organics. This
equipment would be installed downstream of the existing secondary treatment process, and prior to
the RO system. The UF system provides low pressure filtration through membranes with a nominal
pore size around 0.01 microns. The UF membrane system operates in a similar manner to the RO
system, and generates the following waste streams:

= Reject (concentrated wastewater that does not pass through the membranes)
= Clean-in-place (CIP) waste
= Backwash

Granular activated carbon filtration or advanced oxidation could be used to remove organic
compounds from the wastewater which could cause biological or other organic fouling within the RO
system. The activated carbon filter system would also generate a backwash waste stream. The
waste streams from the UF and activated carbon filter systems would likely be recycled to the head of
the treatment plant.

3222 Electrodialysis Reversal

In the electrodialysis reversal (EDR) process (option TP3), dissolved solids are removed as ions
migrate through selective semipermeable membranes. The ions migrate as a result of their attraction
to two electrically charged electrodes.

Typically an EDR system can remove 50 to 95 percent of TDS from feedwater containing TDS at
concentrations up to 12,000 mg/L. The configuration of the EDR system, including the number of
stages and applied power, dictates the ultimate removal efficiency of the system. As the various ions
pass through EDR membranes they are concentrated in a recycle stream. Similar to the RO system,
the concentrated waste stream requires further concentration and/or disposal.

The polarity of the electrodes is regularly reversed in the EDR system, hence the name electrodialysis
reversal. Polarity reversal provides for control of scaling and fouling by freeing ions which have
accumulated on the membrane surface. During reversal of ion flow through the EDR system, the inlet
becomes the outlet and vice versa. The reversal process increases membrane life but does require
additional plumbing and electrical controls compared with a standard electrodialysis system. An EDR
system typically requires only minimal chemical addition to control membrane fouling.
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Similar to the RO treatment alternative, pretreatment is required to protect the EDR system and

extend the membrane life. However, because the EDR system attracts and passes only ions through
the membrane and does not rely on pressure to force all the clean water through the membrane, the
EDR process is somewhat less susceptible than the RO process to membrane fouling. Therefore,
pretreatment for the EDR system may be less extensive than for an RO system. At a minimum, scale
inhibiting chemicals and sodium hypochlorite can be dosed to the feed water to prevent precipitation of
divalent cations and biological growth. In addition, it is recommended that the equivalent of a 10 to 20
pm cartridge filtration system (or alternately, an ultrafiltration or microfiltration system), be installed
upstream of the EDR to protect the overall system and improve its efficiency.

EDR systems typically provide slightly better recovery of treated water in comparison to the RO
process. EDR system permeate recovery under this application is expected to be in the range of 90
percent. Therefore, approximately 10 percent of the wastewater stream would need to be further
concentrated and/or managed as a waste stream.

3223 lon Exchange

In the ion exchange (IX) process (option TP4), dissolved solids are removed by replacing ions in a
dissolved state with ions in a solid phase using specially-engineered ion exchange resin. The process
is similar to the zeolite softening process used by many residential, commercial and industrial
customers within the District. However, for this application a different ion exchange resin and
regeneration solution would be used to avoid introducing chloride from the regenerant waste stream.
Various solids or resins can be used depending on the specific ion of interest to be removed from the
wastewater. Individual resins are charge specific and attract certain anions or cations depending on
the resin. For chloride removal, an anionic resin would be used to attract the negatively charged
chloride ion.

Individual resins have a greater affinity for removal of certain ions, but other similarly-charged ions
may also be removed and may be preferentially removed over the target ion. This affinity may result
in poor removal efficiency of target ions if ions with greater affinity are present in the wastewater
stream. In this case, ions with greater affinity preferentially occupy the exchange sites on the resin
and the resin requires more frequent regeneration to maintain removal of the target ion. ltis also
possible that once all of the exchange sites have been used, the target ion could be released from the
resin in favor of the higher affinity ion.

Regeneration of the resin is required when the exchange sites on the resin have been occupied by
ions from the wastewater. The IX unit is then taken off line and a regenerant is used to replace the
ions that were removed with ions contained in the regenerant solution. Spent regeneration
wastewater, containing the removed ions, is produced from the regeneration process and must be
managed as a waste stream. lon exchange units may operate at 98 percent efficiency when the
wastewater to be treated contains primarily the target ion, or minimum concentrations of ions which
have greater affinity for the resin in comparison to the target ion. Therefore, only 2 percent of the
forward flow would need to be handled as a waste stream. However, since the NSWTP effluent
contains competing ions such as nitrate, the efficiency of the IX process is expected to be much lower.
Regeneration chemicals may include large quantities of sodium hydroxide for resin regeneration and
sulfuric acid for neutralization of the spent regenerant waste. These chemicals can pose operational
and handling hazards.
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IX systems typically require some form of pretreatment system to improve their overall efficiency and
prevent fouling or blinding of the IX resin by particulate matter and dissolved organic compounds.
Typical pretreatment would include membrane or granular media filtration. Backwash from the
filtration pretreatment system can typically be recycled back to the head of the plant.

3.3 Brine Minimization

Each of the chloride reduction technologies considered for implementation at the NSWTP are
expected to produce significant volumes of liquid waste, and some form of brine minimization will be
required to achieve volumes that can be more cost-effectively stored, hauled, disposed and/or
beneficially used. Various alternatives for brine minimization are summarized in Table 3-3, located in
the Tables section of this document and are described below. The brine minimization options are
identified as options BM1 through BM7.

3.3.1 Microfiltration / Reverse Osmosis

Option BM1 involves membrane filtration, which is routinely utilized to concentrate brine waste, and
typically includes a microfiltration (MF) system for pretreatment followed by an RO system. The MF
membranes with a nominal pore size of approximately 0.1 microns serve as a protective barrier to the
RO system. The reject stream from the RO system would need to be beneficially used or disposed
off-site, or the volume could be further reduced with an evaporator system as described below. The
membrane system achieves further concentration of the reject from the primary chloride removal
system and may increase the overall recovery to approximately 90 to 95 percent or greater,
depending on the specific chemistry of the wastewater.

3.3.2 Softening with Microfiltration / Reverse Osmosis

Option BM2 is similar to option BM1, with the addition of a softening process for removal of hardness
ions prior to membrane treatment. The water recovery efficiency of RO systems is dictated by
concentrations of dissolved ions in the wastewater, among other factors. As the concentration of
dissolved ions increases in the concentrate stream, some combinations of ions exceed their solubility
limit and precipitate, contributing to membrane fouling. This is frequently true for hardness-
contributing ions including calcium and magnesium. If hardness is a limiting factor, the water recovery
efficiency can be increased by providing hardness removal, or softening, ahead of the RO system. By
substituting monovalent ions (sodium) for hardness ions (calcium and magnesium), the RO membrane
can be operated at a higher recovery rate with reduced risk of membrane fouling. As a tradeoff,
calcium carbonate and magnesium hydroxide solids are generated which may require off-site disposal
or handling with the NSWTP solids process. An evaporator system could be used to further reduce
the brine volume.

3.3.3 Evaporator

Evaporators, described under option BM3, make use of direct or indirect heat to boil and evaporate
water from the waste stream, reducing its volume. Evaporated water can be condensed and reused in
many cases. Evaporators are very effective in reducing the waste volume and are typically operated
to produce wet salt which requires off-site disposal or may be suitable for beneficial use. However,
evaporators are energy-intensive, and both capital and operating costs may be higher in comparison
with other volume minimization techniques. Therefore, MF/RO brine concentrator systems, as
described above, are routinely installed for volume reduction prior to evaporator systems to minimize
the load and associated cost.
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A significant consideration relative to the capital cost of evaporator systems is associated with the
corrosivity of the waste stream and required materials of construction. Material selection for
evaporators is critical because the concentrated inorganic materials in the reject stream become
further concentrated through evaporation of the water. These inorganic materials, especially chloride,
attack the evaporator surfaces and can quickly deteriorate the equipment. The base evaporator
material of construction is typically 316 stainless steel but exotic materials such as titanium are often
used.

3.3.4 Brine Concentrator Crystallizer

Option BM4 includes a brine concentrator followed by a crystallizer to produce a solid product for
beneficial use or disposal. A brine concentrator is similar to an evaporator but includes seeded slurry
to overcome the limitation imposed on conventional evaporators by the saturation limits of low
solubility scaling compounds. Total water recovery from a brine concentrator is typically 95 to 99%
with the brine concentrated to approximately 17% total solids. After the concentrator stage, the
reduced-volume brine is fed to a crystallizer which produces a solid, crystallized product. This option
would result in the lowest volume of waste brine material for disposal or beneficial use.

3.3.5 Freeze / Thaw

Under option BMS, the brine waste stream would be stored during warmer months for treatment when
outside temperatures fall below freezing. Chloride separation occurs via freeze crystallization. Water
in the brine solution freezes at 32° F and forms relatively pure ice crystals. The remaining brine
solution contains the dissolved ions from the brine, has a lower freezing point, and therefore maintains
a liquid form. Since the brine solution has a higher density than the formed ice crystals, the
concentrated brine waste can separate and flow away from the ice.

Repeated exposure to freeze / thaw promotes the formation of larger ice crystals and allows the brine
to flow more readily through the ice. Control of the liquid discharge from these freezing operations can
allow for collection of concentrated brine waste, recycle of brine waste for further concentration in the
freeze / thaw cycle, or discharge of purified water upon melting of the ice pack.

Equipment associated with this alternative is minimal compared to other alternatives. However,
significant space is required to store the brine waste for processing during freezing temperatures as
well as space dedicated to the freezing process and to concentrated brine storage. Additional storage
may be required for treated water to control the rate of discharge when the ice pack returns to liquid
form. Alternatively, the ice pack could potentially be transported to a disposal location but would result
in significant handling costs.

This alternative is highly dependent upon winter temperatures to provide sufficient freezing for the
purification process. The technology appears to have had success in purifying drinking water from
brackish well sources but is not known to have been applied to wastewater chloride issues.

3.3.6 Natural Treatment Systems

Constructed wetlands, as described under option BM6, are an established technology and can
theoretically be used for brine removal/concentration from a brine waste stream. In this application the
constructed wetland would include high-salt-tolerant salt plants. These plants would remove or
concentrate constituents in the root zone or sediments and allow evapotranspiration to reduce the
volume of flow.
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Constructed wetlands require significant land area and appropriate liner systems. The constructed
wetlands would need to be periodically taken out of service for removal of the sediments to restore
capacity to the system. Sediments would likely require landfill disposal. The wetland could then be
reconstructed. Constructed wetlands may not provide a reasonable approach for brine minimization
at the NSWTP due to space requirements, climate and ultimate disposal requirements for both the
liquid discharge and the resulting sediments.

3.3.7 Evaporation Ponds

Evaporation ponds are shallow ponds used to eliminate liquid volume from concentrated wastewater
through passive evaporation during warm, dry weather conditions. After water has been sufficiently
evaporated from the ponds, the remaining solids and salts are removed from the ponds for off-site
disposal via landfill or other means. Evaporation ponds require large tracts of land to maximize the
surface area and overall evaporation rate. Typical construction includes a liner system to prevent the
migration of the brine waste into the underlying soils. Evaporation ponds are best suited for arid
geographies and can be utilized more effectively in the southwest United States. Evaporation ponds
are not expected to be a feasible alternative for the NSWTP, due to climatic conditions in the Madison
area.

3.4 Brine Disposal or Beneficial Use

Concentrated residuals which remain from technologies applied for chloride removal will require
disposal or can potentially be beneficially used. Without application of brine minimization
technologies, the volume of the concentrated waste stream could range from 10 to 15 percent of the
treated flow. Use of brine minimization technologies, including evaporation, may result in a
concentrated waste stream less than 5 percent of the treated flow. Option BM4, including a brine
concentrator crystallizer, would result in production of a dry material that would require disposal off-site
in a landfill or could potentially be beneficially used. Disposal or beneficial use of the brine waste
would be regulated by federal, state and local laws. Characterization of the residuals using analytical
methods would be required to determine the presence of toxic or hazardous substances that may limit
the options for disposal and/or beneficial use. Alternatives for disposal or beneficial reuse of the
chloride treatment residuals are summarized in Table 3-4, located in the Tables section of this
document. The brine disposal and reuse options are identified as options D1 through D4.

3.4.1 Beneficial Reuse

Under the beneficial reuse option D1, it may be possible that the waste product could be used for a
beneficial purpose. The opportunity for beneficial use, suitability for market, and identifying potential
markets would require detailed characterization of the material and further evaluation.

3.4.2 Storage and Use for Winter Road De-icing

If the waste brine solution could be considered for winter use as an alternative road de-icing material,
as described under option D2, the brine waste would need to be stored until it could be used. Further
investigation and characterization would be required to determine the feasibility of utilizing the brine
waste for de-icing purposes, along with determining the demand for the brine waste and storage
requirements.
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3.4.3 Deep Well Injection

Deep well injection, described under option D3, has been used for decades throughout the United
States for disposal of waste fluids. This method is highly regulated by Federal and State entities to
ensure that potential drinking water sources are not affected. Regional geology is not conducive for
either below grade storage or deep well injection. In addition, deep well injection waste disposal is not
permitted by the State of Wisconsin. Therefore, this option would require hauling of waste brine to
another state for disposal.

3.4.4 Off-site Disposal

Option D4 involves off-site disposal of the waste brine by means of landfill or industrial waste disposal
facility. Waste characterization would be required to assure the material conforms to specific landfill or
industrial waste disposal facility requirements. Landfill disposal is best suited to solids or wet sludge
disposal; solidification and stabilization may be required if the brine is in a liquid form.
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4.0 Overview of Triple Bottom Line Analysis

The Triple Bottom Line is an evaluation process that assesses a project’s value in terms of financial,
social, and environmental criteria. The determination of ‘value’ is carried out through a system of
measurement that has two main aspects — the first is a set of Indicators that are designed to measure
certain attributes of value, and second is a Rating System that applies a consistent set of rules that
can normalize, interpret, classify, aggregate and represent the measured indicator values in order to
make them useful for decision-making. The TBL assessment process uses multi-criteria decision-
making (MCDM) methods as a foundation.

AECOM’s TBL Assessment process has been adapted for application in comparing and evaluating
the conceptual alternatives for the chloride compliance strategy as a simple, interactive tool. In
evaluating the alternatives, the TBL tool has three primary objectives:

1. Toinform and support the analytical process for developing alternatives by considering
social and environmental impacts in the process alongside operational performance and
financial considerations;

2. To provide decision-making support for the District review team;
3. Toincrease project selection transparency.
Characteristics of a robust TBL rating system include:

= Simple (easily understood but logically sound)

= Comprehensive (by topic/criteria and indicators)

= Consistent (across indicator types, project types)

= Structurally unbiased between indicators as a model (unless explicitly weighted)

= Computable/measurable

= Scalable (expandable by number of indicators; can work at local, watershed, community scales)
= Aggregation capable (group indicators into indices etc.)

= Visually representable (in a compelling, easy to grasp way)

4.1 TBL Categories

The TBL tool compares proposed alternatives across three different categories:

1. Financial and Operational — compares financial impact to project and operational
considerations
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Environmental — compares impacts on local environment

Social and Community — compares impacts and risks on local residents and their
acceptance of proposed strategies as well as the project’s role in shaping the District’s image
as a leader in innovative environmental technologies.

Each category is made up of multiple criteria, which are in turn built on measurable indicators.
AECOM worked with the District review team to select and define the criteria used in the TBL analysis.

4.1.1 Financial and Operational Category
Six financial and operational criteria were identified to be important to this evaluation, as described

below.

F1

F2

F3

F4

F5

Capital Costs

This criterion reflects the overall capital investments required for the proposed project. The TBL
analysis compares the capital cost across the various alternatives. In the absence of any specific
allocated construction budget for the project, the comparison methodology considers the
average cost across all alternatives as the benchmark to which each alternative is compared.

Operation and Maintenance Costs (Including Staffing Impact)

This criterion reflects the overall annual operational and maintenance (O&M) costs required for
the proposed project, including the annual salaries for key new staff required for operating the
plant. Similar to the capital costs criterion, the comparison methodology considers the average
O&M cost as the benchmark to which each alternative is compared.

Avoided Costs and New Revenues

This criterion considers any avoided costs and new revenues from sale of by-products, or supply
of generated energy associated with the proposed project. Avoided costs and new revenues are
considered as positive impacts for a project alternative, serving to reduce the overall life-cycle
costs.

Chloride Removal Efficiency

This criterion measures the chloride removal efficiency of the proposed project in terms of
quantity of chloride removed per $ spent. The efficiency indicator uses an annualized 20-year life
cycle cost (NPV) for the project and the annual quantity of chloride removed by the plant.

Process Complexity
This criterion considers a series of factors that contribute to the complexity of the proposed
process operations. A higher complexity for the process(es) denotes a higher probability of
complications in maintenance /management challenges and is therefore considered a negative
impact. The factors considered for measuring the complexity are:

= Ease of operation (scale 1-5) (5 is the easiest)

= Number of other processes impacted (#)

= Process reliability/proven effectiveness (H/M/L)

= Pretreatment requirements (y/n)

= Sole-source technology
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F6

Operational Risk
This criterion considers risks and tolerances of proposed processes with respect to probability of
failure. The factors considered are:

= Tolerance to highly variable wastewater volume (H/M/L)

= Tolerances to variable dilution / concentration of chemicals (H/M/L)

= Tolerance to temperature sensitivity (H/M/L)

4.1.2 Environmental Category
Seven environmental criteria were identified for use in the TBL analysis of options and alternatives.

El

E2

E3

E4

ES5

E6

E7

Energy Use
This criterion measures the impact of the proposed alternative to the total purchased energy use
relative to the current NSWTP operation as a baseline.

Air Quality Impact
This criterion considers impacts to air quality, specifically tracking whether any process
generates criteria pollutants outside of regulated limits.

Noise Impact
This criterion considers whether the proposed alternative generates noise levels greater than 80
decibels (dB) as part of the normal daily operations.

Plant Carbon Footprint

This criterion tracks and compares the overall carbon footprint or greenhouse gas (GHG)
emissions resulting from the proposed project. The emissions tracked include indirect emissions
due to energy use and as the result of hauling materials to and from the treatment facility.

Land Use Impact

This criterion considers any land use changes resulting from the proposed project. Reductions in
land requirements (e.g. due to reduced disposal in landfills) are considered positive impacts,
while additional land required for treatment, storage, construction or disposal are considered
negative impacts.

By-product Reuse Potential
This criterion considers the waste reduction potential for the proposed project by considering the
reuse potential for any by-products produced.

Impact on Effluent Quality

This criterion considers any changes to the NSWTP effluent that may cause adverse or
beneficial impacts to the receiving stream due to the proposed project process. The criterion
tracks whether the process results in additional removal of nutrients (phosphorus and nitrogen),
changes in the effluent temperature, and removal of any other effluent constituents which may
result due to the chloride treatment process.

4.1.3 Social and Community Category

Four criteria were identified as important to the evaluation of options and alternatives relative to social
and community impacts.
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S1

S2

S3

sS4

Leadership and Community Image

This criterion ranks project alternatives based on level of innovation and environmental
leadership that may inspire a positive community image. The criterion rank is based on three
indicators :

= Whether the project includes state-of-the-art technology that would project the District as a
leader in the field.

= Whether the project uses any innovative process that would be a model for other
communities.

= Whether the project includes progressive actions/behavior changes on the part of the
community.

Public Acceptance
This criterion ranks project alternatives based on the likely acceptance by the Madison

community due to unfavorable project characteristics. It tracks the following potential impacts
that the public may react negatively to :

= QOdors and visual aesthetics
= Public nuisance
= Behavior change requirement by residents that is perceived as a burden

Worker Safety
This criterion measures the level of risk to workers within the new treatment facilities as a result
of specific components and processes. It includes risks due to:

= Physical and mechanical safety hazards
= Chemical hazards
Public Health Impact

This criterion considers public health risks due to activities and processes of the new treatment
facilities. It includes risks (ranked as High, Medium, Low) for the following conditions:

= Public health risks due to storage and transportation of raw materials
= Public health risks due to disposal of by-products and wastes

= Potential risk for catastrophic accident (leakage/explosion/flooding etc.)

4.2 Criteria and Indicator Data for Project Alternatives

A project data form was used to capture details about each project alternative being developed. Data
from these forms was read by the TBL model, which calculated TBL rankings and scores and
generated the visual outputs.
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4.2.1 TBL Representation and Scoring System

The TBL assessment uses an ordinal ranking system to denote the level of positive or negative
impacts to financial, environmental, and social/community externalities reflected by the criteria
selected. In order to keep the outputs simple and easy to understand, a 5-level ranking system was
used:

= Significantly positive (++)
= Positive (+)

= Neutral (0)

= Negative (-)

= Significantly negative (--)
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+4 Signifcantly Positive
Positive
Neutral
Negative

+
0
_ Signiicantly Negative
N/A  Not Applicable

The TBL Radial Chart is by default represented with each of the three TBL categories of Social and
Community, Environmental, and Financial and Operational equally weighted within the circle. The TBL
approach requires that the three categories are viewed on equal terms and hold an equal area within
the circle in order to represent the full picture of the TBL analysis. Within each category, the various
criteria are represented by a slice, with the area in each slice showing the relative importance of the
criterion and the color representing the ordinal rank. The color blue represents positive, and the color
red represents negative. Therefore, the more blue area on the chart, the more favorable the
alternative. More slices with red color signify more negative attributes of the project.

The TBL tool also allows the user to adjust the relative weight of the criteria within the TBL category.
An example of using different criterion weights is shown below.
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Since many criteria are aggregations of one or more indicators, this system of ordinal rankings is also
calculated at each individual indicator. Once an indicator is ranked, an aggregation method is used to
“roll-up” all indicators within a criterion to calculate the criterion level ordinal rank.

4.2.2 TBL Scoring Methodology

Once the ordinal ranks are determined, the TBL model also computes a numeric score for the entire
scheme based on allocating each criterion with a score range of -100 to +100 and then aggregating
the overall score based on the weights assigned to each criterion. This numeric score makes it easier
to compare multiple charts.

Numeric scores are calculated using three methods based on the type of indicator and the data
captured for that indicator. Method 1, or the Linear/Gradient Method, calculates the score as the linear
deviation from a performance benchmark such as an average cost. Positive impacts are calculated as
a percentage of the indicator value above the benchmark, capped at a maximum score of positive
100. Similarly, negative impacts are calculated as a percentage of indicator value below the
benchmark, capped at a lowest score of -100. Method 2, or Ordinal Method, is used for indicators that
do not have a benchmark and are recorded as binary or ordinal values such as high, medium, and low
categories. The ordinal scale for the impact is calculated and then the ordinal rank in converted to a
numeric score using standard equivalents such as (“++” = 100, “+” = 50, “0” = 0, “—" =-50, “—" = -
100). Method 3, or Threshold Method, compares indicator values to a range of thresholds and assigns
a score to each threshold range. This method is used particularly for criteria that have multiple
indicators with qualitative responses (H/M/L or Yes/No). Criterion scores for capital costs and O&M
costs were originally measured using Method 1 but based on recommendations from District staff, an
ordinal method (Method 2) was used for Energy Use, Carbon Footprint, Capital Costs, O&M Costs
and Chloride Efficiency criteria. The performance of alternatives across these criteria was relatively
compared using Very Low, Low, Medium, High, and Very High ordinal ratings. The District elected to
change the method for measurement of these criteria to better distinguish among the alternatives.

The weighting and scoring methodology used for evaluation of chloride compliance alternatives is

summarized in Table 4-1.
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Table 4-1:
Summary of TBL Criteria Weighting and Scoring Methodology

Financial & Operational weighting  # Indicators | Scoring Method
F1 | Capital Cost 5 1 Ordinal method
F2 | O&M Cost 5 1 Ordinal method
F3 | Avoided costs 4 1 Ordinal method
F4 | Chloride efficiency 4 1 Ordinal method
F5 | Process complexity 3 5 Threshold method

Operational risk 4 4 Threshold method

Environmental ‘
E1l | Energy Use 4 1 Ordinal method
E2 | Air Quality Impact 3 1 Threshold method
E3 | Noise Impact 2 1 Ordinal method
E4 | Plant Carbon Footprint 3 2 Ordinal method
E5 | Land Use Impact 2 3 Linear/Gradient method
E6 | Byproduct reuse potential 4 1 Ordinal method
E7 | Impact on effluent quality 3 3 Ordinal method
S1 | Leadership/Community Image 3 3 Linear/Gradient method
S2 | Public Acceptance 3 3 Linear/Gradient method
S3 | Worker Safety 4 2 Linear/Gradient method
S4 | Public Health Impact 3 3 Linear/Gradient method

*Relative weight within each category: 1 = low; 5 = highest importance

4.3 Use of TBL Model in Selecting Technology Options and Defining
Alternatives

The TBL process was used to capture conceptual details of various technology options into data
forms. These data forms were then used in an interactive session with the District project advisory
group to assemble three viable alternatives for consideration in this evaluation. This process allowed
the team to examine preliminary advantages and disadvantages of various combinations of
technologies at an early stage of the study, and then proceed with more detailed studies for three
selected alternatives.
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5.0 Chloride Compliance Alternatives

Several of the chloride compliance options described in Section 3.0 are currently being implemented
by the District, including:

= Source reduction for industrial / commercial customers (SR6)
= Education of residential customers regarding residential water softeners (SR7)
= Conversion of residential customers to higher efficiency water softeners (SR8)

= Minimized used of chloride chemicals at the NSWTP (TP1)

These activities will be beneficial to reduce the chloride load to the NSWTP. However, additional
reduction in the NSWTP chloride load is expected to be required to maintain future compliance with
the chloride discharge limit at all times. The TBL screening process was used to identify three
alternatives for further development and evaluation. These alternatives include:

= Source water softening (SR3 — individual wells and SR5 — centralized treatment)

= Treatment of a portion of the NSWTP effluent with RO (TP2) and brine minimization (BM1)
followed by a combination of the following brine minimization and brine disposal or reuse
alternatives

= Softening (BM2) with evaporator (BM3)
= Brine concentrator crystallizer (BM4)

= Storage for use in road de-icing (D2)

= Off-site disposal (D4)

= Treatment of a portion of the NSWTP effluent with EDR (TP3) followed by a combination of the
following brine minimization and brine disposal or re-use alternatives

= Softening (BM2) with evaporator (BM3)
= Brine concentrator crystallizer (BM4)
= Storage for use in road de-icing (D2)

= Off-site disposal (D4)
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6.0 Conceptual Design Development

Conceptual design information was developed for each of the three chloride compliance alternatives.
A basis of design was defined for the source water softening alternative, and for the chloride treatment
alternatives at the NSWTP, to establish a consistent level of chloride reduction to be accomplished for
each alternative and facilitate comparison among the alternatives. Conceptual design information
included identification and sizing of major equipment (Appendix A), process flow diagrams and mass
balances (Appendix B), and site plans (Appendix C). Manufacturer literature for the major treatment
technologies considered in this evaluation is provided in Appendix F.

6.1 Source Water Softening

Softening of the source water supplies that serve the Madison community would eliminate the need for
use of residential, commercial and industrial zeolite softeners, and thereby reduce a major source of
chloride, sodium and potassium that is discharged to the NSWTP as a result of the zeolite softening
process. On an annual average basis, it is estimated that approximately 60% of the chloride load to
the NSWTP is attributable to zeolite water softeners. Two options for source water softening were
evaluated: small treatment facilities located at individual wells, or a single water treatment plant
located at a centralized location. The District estimates that approximately 5% of the average flow to
the NSWTP comes from private wells, and any chloride load from residences with private wells will not
be impacted by either wellhead or centralized softening.

Three options were identified for softening of the raw water supply:
= Lime softening
= lon exchange
= Membrane processes (including nanofiltration and reverse osmosis)

The relative advantages and disadvantages of these water softening technologies are described in
Table 6-1.
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Table 6-1:
Summary of Source Water Softening Technologies
Softening Technology Advantages Disadvantages
Lime softening e Conventional, proven process e Significant lime sludge
production; requires off-site
disposal

o Difficult chemical handling
associated with lime storage and
feed equipment

¢ Relatively high space requirement

lon exchange o Relatively low capital cost e Requires handling of significant
e Conventional, proven process volumes of hazardous chemicals
(sodium hydroxide and sulfuric
acid)
e Generates a high-TDS waste
stream
Nanofiltration or reverse | ¢  Minimum chemical e Higher energy use
osmosis requirements (membrane ¢ Membranes require cleaning and
cleaning chemicals only) replacement to maintain finished
e Consistent finished water water production capacity
quality

e Minimum space requirement

e Waste stream contains primarily
those constituents present in
raw water

Based on this comparison of technology options, a membrane process was selected for both wellhead
and centralized softening due to the reduced space requirement, minimal chemical handling, no
residuals produced for off-site disposal, and characteristics of waste stream for discharge to the
sanitary sewer.

6.1.1 Source Water Softening Basis of Design

A basis of design for source water softening was developed to eliminate a sufficient mass of chloride
from the NSWTP raw wastewater to ensure consistent compliance with the weekly average chloride
discharge requirement of 395 mgl/L.

The raw water supply that serves the Madison Water Utility is provided by multiple well sites located
throughout the community. In addition, numerous neighboring communities produce their own water,
a portion of which discharges to the NSWTP in the form of wastewater. It is assumed, based on the
Public Service Commission of Wisconsin (PSCW) report, that in 2013 the City of Madison maintained
22 well sites and that the neighboring communities with potential to discharge to NSWTP operate 34
additional well sites.
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A review of individual well information for the City of Madison shows that typical well sites include a
well, reservoir and booster pump(s) with a capacity of approximately 2,100 gpm (3 MGD). On
average, the wells operate 10 to 12 hours per day, producing 1.2 to 1.5 MGD of ground water which is
pumped to the distribution system. For the purpose of this study, it was assumed that a softening
system capable of treating up to a design feed rate of 3.0 MGD could be installed at each individual
well site operated by the Madison Water Utility. It was also assumed that no additional treatment
redundancy would be required at the individual well sites since redundancy is already provided by the
multiple well sites.

Alternately, softening could be provided at a larger treatment system sited at a centralized location.
Significant raw water and finished water distribution piping would be required to convey raw water
from individual wells to the centralized location, and from the treatment system back to individual
distribution system pressure zones.

Water quality data for individual wells operated by the Madison Water Utility was used to develop a
basis of design for the raw source water within the City of Madison. Water quality data collected by
the City in 2014, was used in conjunction with the average day demand for each of the wells to
develop a weighted, blended water quality profile. The average day demand for each of the wells was
based on 2008 through 2013 pumping rates, which ranged from 0.1 to 2.2 MGD at the individual well
sites. The results of this evaluation are included in Table 6-2. For the purpose of this study it was
assumed that the blended water quality data is representative across the City of Madison wells. If
softening at individual wells is considered in further detail, it is recommended that the water quality for
each individual well be further defined and evaluated, including parameters specific to membrane (or
other) treatment technologies, for use in detailed design.

The summary of chloride contributions described in Section 2.0 showed that zeolite water softeners
currently contribute 80,500 Ibs/day of chloride to the NSWTP. Based on the future design condition,
which include a 10% increase in flow, the mass load of chloride could increase to approximately
97,405 Ibs/day of chloride from zeolite softeners. Table 6-2 summarizes the chloride mass loads
which must be removed under average and maximum chloride load conditions to maintain effluent
concentrations below the 395 mg/L limit. The future design condition is based on a 10% flow increase
and a 10% chloride concentration increase, as directed by District staff. The table includes the
estimated percentage of zeolite softeners which must be removed from the system to achieve the 395
mg/L effluent limit at the NSWTP. The maximum day loads govern the design, as more chloride
needs to be removed under this load condition.

Chloride Compliance Study for NSWTP June 2015



AECOM 6-4

Table 6-2:
Chloride Removal Requirements

: Chloride load Chloride Assumed | )0 de load

Chloride . chloride
. - required to removal to meet to be removed

Design Condition load . _ load from

meet 395 mg/L discharge limit as a % of

(Ibs/day) | it abs/day) (Ibs/day) SBItenerSis il stianer Ioad

Y y (Ibs/day)

Current design flow
(40.5 MGD) with 141,958 133,499 8,459 80,500 1%
average chloride load
Current design flow
(40.5 MGD) with
maximum chloride
load

Future design flow
(44.6 MGD) with 173,050 146,849 26,201 97,405 27%
average chloride load
Future design flow
(44.6 MGD) with
maximum chloride
load

170,958 133,499 37,459 80,500 47%

206,883 146,849 60,034 97,405 62%

Approximately 60% of the flow to the NSWTP is contributed by the area served by the Madison Water
Utility. The balance of the flow originates from outside the City of Madison. Therefore, softening of
water supplied by the Madison Water Utility and removal of zeolite softeners from this service area
would eliminate approximately 60% of the chloride load attributable to zeolite softening. This would
approximately meet the elimination of zeolite softeners required for the future design condition. Itis
anticipated that softening of water supplied by the Madison Water Utility, along with other continued
chloride reduction programs, would consistently achieve the target chloride limit of 395 mg/L on a
weekly average basis for the future design condition. Based on these assumptions, the source water
softening alternatives were developed for softening of well water supplied by the Madison Water Utility
only, and do not consider softening of water supplied by the surrounding communities and water
utilities. It should be noted that this approach will result in variable water quality among communities
served by softened water, and those served by unsoftened water. Residents in areas served by
softened water may experience higher costs of water, due to the significant investment in community
water treatment facilities and operating costs, but would avoid the costs of zeolite softening systems.
Residents in areas not served by softened water may have concerns that they are not provided the
same level of service as areas served by softened water.

The source water softening basis of design is summarized in Table 6-3.
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Table 6-3:
Source Water Softening Basis of Design

Parameter

Units

Value

Individual well treatment capacity (individual treatment systems

located at 22 wells)

Production rate, firm capacity

MGD

2.55

Production rate, average

MGD

1.5

Centralized treatment capacity (sing
water from 22 wells)

le facility for treatment of

Production rate, firm MGD 50
Production rate, average MGD 23.8
Raw water characteristics

Hardness (CaCOs) mg/L 341
Chloride mg/L 34
Alkalinity (CaCO3) mg/L 302
Aluminum pg/L 1.0
Antimony Mg/l <0.206
Arsenic Mg/l 0.26
Barium Mg/l 24
Beryllium Mg/l <0.206
Cadmium Mg/l <0.103
Calcium mg/L 72
Chromium pg/L 1.0
Conductivity pmhos / cm 690
Copper pg/L 12
Fluoride mg/L 0.83
Iron mg/L 0.068
Lead pg/L 0.24
Magnesium mg/L 39
Manganese Mg/l 11
Mercury pg/L <0.206
Nickel pg/L 1.3
Nitrogen-Nitrate mg/L 1.6
Nitrogen-Nitrite mg/L <0.0400
pH (Lab) S.J. 7.5
Selenium Mg/l 0.50
Silver Mg/l <0.206
Sodium mg/L 12
Strontium Mg/l 74
Sulfate mg/L 19
Thallium pg/L 0.09
Total Solids mg/L 418
Zinc Mg/l 7.5
Finished water characteristics

Hardness as CaCOs | mg/L | 100
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6.1.2 Wellhead Softening

Under this alternative, individual water softening systems would be constructed at each of the 22 well
sites operated by the Madison Water Utility. Note that the conceptual design information for the
wellhead softening alternative was developed in somewhat less detail than those alternatives
developed for implementation at the NSWTP, as treatment of chloride at the NSWTP was the main
focus of this study. Additional evaluation of individual well sites, water quality, and site-specific
treatment capacity, among other considerations, would be required if this alternative is further
developed.

At each well, the existing well pump would transfer raw water to the new nancofiltration (NF) or reverse
osmosis (RO) softening treatment system.  Approximately 76% of the water from the well would
enter one of two 24,000 gallon (minimum) NF/RO feed tanks. The balance of the well water would
bypass the softening treatment equipment and would be blended with permeate from the membrane
system prior to distribution to achieve the desired water quality goal of 100 mg/L hardness as CaCO:s.

Ground water to be softened would be pumped from the NF/RO feed tanks through two treatment
trains, each consisting of a prefilter system and a membrane system skid housing either NF or RO
membranes. Each membrane system skid would be sized for 50% of the design flow rate. Ancillary
equipment would include chemical storage and dosing equipment for membrane clean-in-place (CIP)
operations.

Each membrane treatment system would produce a reject stream that contains the dissolved
constituents removed from the water. The concentrated reject stream volume is estimated to be
approximately 22% of the treated raw water volume, or approximately 0.5 MGD based on a treated
raw water volume of 2.3 MGD (76% of assumed well capacity of 3.0 MGD). It is anticipated that the
reject waste stream would be discharged to the sanitary sewer. If source softening is implemented at
all well head sites operated by the Madison Water Utility, and the reject stream is discharged to the
sanitary sewer, the rate of raw water pumping and the rate of wastewater pumping and treatment at
the NSWTP could increase by up to 18%.

Permeate from the membrane treatment system and raw water which bypasses the softening process
would be blended in the existing reservoir at each well head site, and chemical additives would be
dosed similar to current practice. Existing booster pump(s) at each well site would continue to be
utilized to pump the softened water to the distribution system.

The NF or RO membranes would require routine chemical cleaning, and the wastewater generated by
these CIP procedures would require disposal. Chemicals used during cleaning usually include sodium
hypochlorite, citric acid and sodium hydroxide. It was assumed that the chemical cleaning wastewater
would be directed to the sanitary sewer. If needed, the pH of the chemical cleaning waste stream
could be neutralized prior to discharge to the sewer.

Variable frequency drives should be installed for the existing well and booster pumps to allow for
continuous operation of the pumping systems and allow the softening system to modulate in flow rate
to match system demand.

An equipment list for the wellhead softening alternative is provided in Appendix A, and a conceptual
process flow diagram is provided in Appendix B.

Chloride Compliance Study for NSWTP June 2015



AECOM 6-7

6.1.2.1 Wellhead Softening Materials of Construction

The NF/RO feed tanks were assumed to be of fiberglass reinforced plastic (FRP) construction.
Membrane skids are typically constructed of epoxy coated steel frame skids fitted with a combination
of PVC and stainless steel piping, membrane cartridges and ancillary equipment. Prefilters and
chemical cleaning vessels were assumed to be of stainless steel construction. Chemicals will be
contained in totes or containers as appropriate.

6.1.2.2 Wellhead Softening Space Requirements

The NF or RO equipment would be housed within a building with approximate dimensions of 70 feet
by 40 feet. A conceptual layout of the wellhead softening treatment system is provided in Appendix
C.

6.1.3 Centralized Softening

The centralized softening alternative is similar to the wellhead softening alternative, but would be at a
larger scale.  Similar to the wellhead softening alternative, the conceptual design information for the
centralized softening alternative was developed in somewhat less detail than those alternatives
developed for implementation at the NSWTP, as treatment of chloride at the NSWTP was the main
focus of this study. Additional evaluation of potential centralized softening facility sites, raw water
transmission and distribution piping requirements, water quality, storage and treatment capacity,
among other considerations, would be required if this alternative is further developed.

Under this option it is assumed that the firm treatment capacity to be achieved by the Madison Water
Utility is 50 MGD with an average design flow of 23.8 MGD. Centralized treatment would require
transmission of raw water to, and finished water from, the centralized softening location. Raw water
from each of the individual wells operated by the Madison Water Utility would be routed via new
transmission lines to the centralized softening site. The distribution system would require modification
to effectively distribute the softened water from the centralized treatment system throughout the
service areas. The scope of this study does not include detailed evaluation of the necessary water
distribution system improvements to bring water to or from the centralized treatment site, and support
in estimating the magnitude of these improvements has been provided by the Madison Water Utility.

Raw water from the existing wells would be pumped via new transmission lines to a new centralized
softening treatment system, including NF or RO membrane skids and ancillary equipment.
Approximately 76% of the water from the wells would be softened by the treatment system. The
balance of the well water would bypass the softening treatment system and would be blended with
permeate from the membrane softening system prior to distribution to achieve the desired water
quality goal of 100 mg/L hardness as CaCO:s.

The centralized softening treatment system would include two, 510,000 gallon (minimum) feed tanks,
constructed of cast-in-place concrete. Raw water would be pumped from the feed tanks through 34
individual treatment trains. Each train would include a prefilter system and either a NF or RO
membrane skid. The 34 membrane skids would be sized to provide a firm blended finished water
capacity of 50 MGD with an average design flow of 23.8 MGD. Ancillary equipment would include
chemical storage and feed equipment for membrane CIP operations, with a single CIP system serving
multiple membrane skids.
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Similar to the individual wellhead softening systems, the centralized membrane treatment system
would produce a reject stream that contains the dissolved constituents that were removed from the
raw water. It is expected that approximately 9.0 MGD of reject would be produced by the centralized
softening system at full design capacity of 50 MGD, and it was assumed that the reject waste stream
would be discharged to the sanitary sewer. Softening of the raw water and discharge of the reject
stream would result in an increased rate of raw water pumping and wastewater pumping and
treatment at the NSWTP of up to 18%.

At design capacity, permeate from the membrane system trains would be produced at a rate of 36
MGD and blended with 14 MGD of raw water that bypasses the softening process prior to being
discharged to a clear well. Chemicals that are currently dosed to the potable water, including sodium
hypochlorite and fluoride, would be dosed to the clearwell. New finished water pumps would transfer
the finished water from the clearwell to the distribution system.

The NF or RO membranes would require routine chemical cleaning, and the wastewater generated by
these CIP procedures would require disposal. Chemicals used during cleaning usually include sodium
hypochlorite, citric acid and sodium hydroxide. It was assumed that the chemical cleaning wastewater
would be directed to the sanitary sewer. If needed, the pH of the chemical cleaning waste stream
could be neutralized prior to discharge to the sewer.

An equipment list for the centralized softening alternative is provided in Appendix A, and a conceptual
process flow diagram is provided in Appendix B.

6.1.3.1 Centralized Softening Materials of Construction

The NF/RO feed tanks were assumed to be of cast-in-place concrete construction. Membrane skids
are typically constructed of epoxy coated steel frame skids fitted with a combination of PVC and
stainless steel piping, membrane cartridges and ancillary equipment. Prefilters and chemical cleaning
vessels were assumed to be of stainless steel construction. Chemicals will be contained in totes and
bulk storage tanks fabricated of appropriate materials compatible with each individual chemical.

6.1.3.2 Centralized Softening Space Requirements

The NF or RO equipment would be housed within a building with approximate dimensions of 330 feet
by 200 feet. A conceptual layout of the centralized softening treatment system is provided in
Appendix C.

6.2 Treatment for Removal of Chloride at NSWTP

Two membrane treatment alternatives, reverse osmosis (RO) and electrodialysis reversal (EDR), were
developed and evaluated to achieve the target chloride effluent limit of 395 mg/L at the NSWTP. lon
exchange technology was not carried through to the alternatives analysis, due to the expected high
operating costs associated with frequent regeneration of the ion exchange media and resulting high
volumes of waste that would be generated due to the presence of numerous competing ions in the
NSWTP effluent. Several additional processes were evaluated for concentrating and disposing of the
liquid waste stream or brine that is generated from the membrane treatment processes.
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6.2.1 Chloride Removal Basis of Design

A basis of design was developed to remove a sufficient mass of chloride from the NSWTP effluent
wastewater to ensure consistent compliance with the weekly average chloride discharge requirement.

RO and EDR technologies are capable of removing over 90% of the chloride contained in the NSWTP
effluent. Therefore, only a percentage of the NSWTP secondary effluent requires treatment to
achieve the effluent chloride discharge concentration limit. The portion of secondary effluent that is
treated for chloride removal would be blended with the balance of the secondary effluent to meet the
chloride discharge goal of 395 mg/L.

An analysis of recent flow and chloride data from October 2010 through April 2014 was used to
determine the required capacity of the chloride treatment system. It was assumed that membrane
treatment technology would achieve 92% removal of chloride, and 90% of the wastewater treated
could be recovered as treated permeate. Based on chloride concentrations and wastewater flows
documented for the period of October 2010 through April 2014, and treatment technology
assumptions, it was determined that a 10 MGD chloride removal treatment system would be required
to avoid exceedances of the 395 mg/L chloride target on a 7-day rolling average basis. It was noted
that the daily average chloride concentrations would have exceeded the 395 mg/L limit on nine
occasions during the October 2010 through April 2014 data period.

As directed by District staff, the year 2030 future design condition for the chloride treatment system
incorporated a 10% increase over the current flow and a 10% increase in chloride concentration.
Using the membrane technology assumptions for chloride removal efficiency and permeate recovery
described above, it was determined that a 15 MGD treatment system would be required to avoid
exceedances of the 395 mg/L chloride target discharge limit on a 7-day rolling average basis. It was
estimated that daily average chloride concentrations would exceed the 395 mg/L limit on six occasions
during simulation of the future design condition.

Since NSWTP flow rates and effluent chloride concentrations vary seasonally, data for the period from
October 2010 through April 2014 was also evaluated to determine the annual average flow rate
through the chloride treatment system required to maintain compliance with the 395 mg/L chloride
limit. The evaluation resulted in a current annual average flow requirement to maintain compliance of
2.6 MGD, and a future annual average flow requirement of 7.3 MGD. The maximum daily flow
through the chloride treatment system would be approximately 15 MGD. The future design capacity of
15 MGD was used as a basis for developing conceptual design information and capital cost
projections, and the annual average flows were used for estimating annual operation and

maintenance costs.

NSWTP effluent characteristics were determined from historical monitoring data, as well as sampling
and analysis of the NSWTP effluent for constituents that impact the design of membrane treatment
systems. It is recommended that a more extensive monitoring program be considered prior to detailed
design of any chloride removal technology. The basis of design used for evaluation of chloride
treatment technologies at the NSWTP is summarized in Table 6-4.
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Table 6-4:
NSWTP Chloride Removal Basis of Design

Parameter | Units | Value
Chloride treatment system capacity
Chloride treatment, firm capacity MGD 15
Average operating capacity, current MGD 2.6
Average operating capacity, future MGD 7.3
Secondary effluent characteristics
Aluminum mg/L <0.24
Barium mg/L 0.033
Cadmium mg/L 0.00005
Calcium mg/L 76.9
Chromium mg/L 0.00018
Copper mg/L 0.00629

Parameter
Iron mg/L <0.164
Magnesium mg/L 43.0
Manganese mg/L 0.015
Mercury mg/L 0.00111
Nickel mg/L 0.00151
Potassium mg/L 12.9
Sodium mg/L 237
Strontium mg/L 0.110
Zinc mg/L 0.0501
Ammonia mg/L 0.30
Bicarbonate mg/L 291
Sulfate mg/L 39.7
Chloride* mg/L 402 - 562
Nitrate mg/L 18.7
Fluoride mg/L 0.75
Total Phosphorus mg/L 0.30
Ortho Phosphorus mg/L 0.174
Silica/Silicate (filtered) mg/L 8.5
Silica/Silicate (unfiltered) mg/L 12
Silt Density Index 5 min. basis 17.5
Total Dissolved Solids mg/L 1,100
Total Suspended Solids mg/L 5.6
Total Organic Carbon mg/L 6.0
Chemical Oxygen Demand mg/L 30
Oil & Grease mg/L 2.2
Temperature °C 9 min / 27 max
Conductivity mhos/cm 1,785
pH standard units 7.2
Color C.P.U. 40
Turbidity NTU 2.9
Fecal Coliform CFU/100 ml 82
Blended effluent characteristics
Chloride, 7-day average | mg/L | <395

*Chloride concentration varies seasonally
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6.2.2 Integration of the Chloride Removal Process at the NSWTP

It is assumed that a portion of the secondary effluent flow will be intercepted in an existing or new
channel prior to the existing ultraviolet (UV) disinfection process. Secondary effluent to be treated for
removal of chloride will be pumped from the channel to the chloride removal process. The remainder
of the secondary effluent will continue to flow through the channel to the UV process. Low chloride
effluent from the treatment process will be returned to the secondary effluent stream downstream of
the withdrawal point for blending with the untreated portion of the secondary effluent.

The current configuration of the UV system and the pumping systems for Badfish Creek (BFC) and
Badger Mill Creek (BMC) does not allow for discharge of higher quality effluent to one discharge point
or the other. In the current configuration, the effluent for both discharges comes from a common well
following the UV system, and DNR effluent monitoring parameters for both discharges are reported
from a single sampling point. If the ratio of flows from the chloride removal system and secondary
effluent could be separately controlled in the two discharges, then it may be possible to use the
existing UV system for the BFC discharge, and bypass undisinfected effluent around the UV system to
the suction of the BMC return pumps, blend the proper chloride treatment flow with the BMC flow, and
provide a new in-pipe UV disinfection system for the BMC return. The remaining flow from the
chloride removal system would go to the BFC discharge. Separate sampling points would be required
for DNR permit monitoring. This alternative would need to be considered along with future UV system
upgrades and hydraulic improvements.

6.2.3 Reverse Osmosis

The RO treatment alternative for removal of chloride includes pretreatment for removal of low
concentrations of suspended solids present in the NSWTP secondary effluent followed by RO
membrane treatment for removal of chloride and other dissolved constituents.

6.2.3.1 RO Process Description

RO membranes are susceptible to fouling by particulate matter and organic constituents, which can
increase the required cleaning frequency and impact membrane performance. Therefore, to minimize
the presence of particulate matter in the secondary effluent, ultrafiltration (UF) was selected for
pretreatment upstream of the RO membranes. Seven new secondary effluent pumps (six duty and
one standby) would be used to transfer wastewater to one of two UF feed tanks, each with a minimum
capacity of 320,000 gallons. The effluent transfer pumps will be equipped with variable frequency
drives (VFDs) to enable flow-pacing to achieve a target treatment rate selected by the operator.
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The UF feed tanks will provide a minimum of 30 minutes of detention at the design flow rate of 15
MGD. Under normal conditions the feed tanks will operate as a single combined tank. One tank can
be taken out of service for maintenance or cleaning while the full wastewater flow is directed through
the remaining tank. The UF system configuration is dependent on the selected equipment supplier,
but for the purposes of this evaluation it was assumed to include 14 UF treatment trains (12 duty, and
2 standby). Each UF treatment train would include a UF feed pump for wastewater transfer from the
UF feed tank to the UF treatment process, a prefilter system used to protect the UF membranes from
damage by large solids, and the UF membrane skid. Individual treatment trains would be staged to
control the flow to meet the target treatment rate selected by the operator. Permeate from the UF
system would be transferred to two RO feed tanks, each sized for a minimum capacity of 320,000
gallons, with a minimum of 30 minutes detention at the design flow rate. The RO feed tanks would
operate in a similar manner to the UF feed tanks, and one tank could be taken out of service at any
given time for maintenance or cleaning while maintaining full treatment capacity. A portion of
secondary effluent containing concentrated suspended solids that do not pass through the UF
membrane, estimated to be approximately 5% of the forward flow, would be returned to the head of
the NSWTP. The UF membranes would require periodic backwashing to dislodge solids which
accumulate on the membranes. The backwash waste would also be transferred back to the head of
the NSWTP.

Based on this conceptual evaluation, it is assumed that the secondary effluent is of sufficient quality
such that granular activated carbon filtration or advanced oxidation would not be required to remove
organic material prior to the RO membranes. This assumption should be confirmed through additional
wastewater characterization and pilot testing, if an RO system is to be evaluated in further detail.

Similar to the UF membrane system, the RO process configuration is also somewhat dependent on
the specific equipment supplier. For the purposes of this evaluation the configuration was assumed to
consist of 6 RO treatment trains (5 duty and 1 standby). Each RO treatment train would include a RO
feed pump for wastewater transfer from the RO feed tank to the RO treatment process, a prefilter
system to provide additional protection for the RO membranes, and the RO membrane skid. Similar
to the UF process, individual treatment trains would be staged on and off to meet the target treatment
rate selected by the operator. The RO process is best operated at a consistent treatment rate;
therefore, turndown to achieve lower treatment rates is more complex than turndown of the UF
process. The desired turndown ratio must be carefully considered during the detailed design process,
and the treatment rate would likely require seasonal adjustment, as well as adjustment as chloride
loads increase in the future. Chemicals would be dosed to permeate from the RO system to adjust
the pH, if necessary. RO permeate would then be blended with the secondary effluent prior to UV
disinfection and discharge. The reject or concentrate volume from the RO process would contain the
concentrated chloride and other ions removed from the secondary effluent, and is expected to
constitute approximately 15% of the treated flow, or 2.25 MGD at the design flow rate. The
concentrate would be transferred to one of two recovery RO tanks, each with a minimum capacity of
47,000 gallons, for further concentration.
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The recovery RO (RRO) feed tanks would provide a minimum of 30 minutes of detention at the design
flow rate. The RRO system would function in a similar manner to the primary RO system, and would
be operated to further concentrate and reduce the volume of reject from the primary RO process. ltis
assumed that the RRO process will consist of 6 RRO treatment trains (5 duty and standby). Each
RRO would be operated in conjunction with its associated primary RO treatment train. Each train
would include a RRO feed pump, prefilter system, and RRO membrane skid. Permeate from the RRO
system would be combined with the main RO permeate prior to pH adjustment and blending with the
secondary effluent for UV disinfection and discharge. The RRO is expected to achieve approximately
33% recovery of permeate under cold weather conditions and 50% recovery under warm weather
conditions. Through operation of the RRO process, the overall recovery of permeate would be
increased to 90% and 92.5% during cold and warm weather, respectively. It is assumed that the
system would be operated at a higher flow rate during winter months due to higher chloride loads;
therefore a conservative assumption of 90% overall recovery was assumed for comparison of
alternatives and cost projections. Therefore, the estimated total volume of reject or concentrate from
the primary and recovery RO processes is estimated to comprise 10% of the treated flow rate, or 1.5
MGD at design capacity. The concentrate stream would be transferred to two primary brine waste
holding tanks for storage prior to transportation to disposal or further concentration. These tanks
would each have a capacity of 2.25 million gallons to provide 36 hours of detention at the design flow
rate.

The UF pretreatment system, primary RO and RRO would each include clean-in-place (CIP) systems
which would be operated periodically to provide chemical cleaning of the membranes to restore
membrane flux rates and treatment capacity when the membranes become fouled. Chemicals used
in the CIP process typically include sodium hypochlorite, citric acid and sodium hydroxide. A specific
CIP system will be dedicated to the UF, RO and RRO processes. Each CIP system will include
sufficient redundancy to maintain the effectiveness of the overall treatment process.

An equipment list for the proposed RO treatment system is provided in Appendix A. A conceptual
process flow diagram and mass balance is provided in Appendix B.

6.2.3.2 RO Process Materials of Construction

Materials of construction for the membrane skids are assumed to include epoxy coated steel frames
fitted with a combination of PVC and stainless steel piping. Membrane cartridges and other pressure
vessels are typically constructed of fiberglass reinforced plastic (FRP). CIP vessels will be of stainless
steel construction. Chemicals would be contained in bulk storage tanks constructed of appropriate
materials for compatibility with each specific chemical.

Brine waste is expected to be highly corrosive, due to the high concentration of dissolved solids
(TDS). Brine waste holding tanks would be constructed of specific epoxy coated steel, and pumps
and piping materials would be constructed of corrosion-resistant materials.

6.2.3.3 RO Process Space Requirements

The membrane system feed tanks, membrane systems, and ancillary equipment would be housed
within a building with a footprint of approximately 290 feet by 350 feet. The brine waste holding tanks
would be located outside of the RO treatment building and are assumed to have approximate
dimensions of 115 feet in diameter by 32 feet high. The tanks would be covered to prevent the
accumulation of precipitation within the tanks. The expected overall foot print for the tanks is 270 feet
by 125 feet.
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A conceptual layout for the RO process equipment is provided in Appendix C.

6.2.3.4 RO Process Removal of Other Wastewater Constituents

In addition to providing effective removal of chloride, the RO process would remove other dissolved
constituents from the NSWTP secondary effluent. UF pretreatment upstream of the RO process
would also provide nearly complete removal of particulate constituents. It is expected that significant
removal of the following constituents would be achieved for the portion of secondary effluent that is
treated by the RO process:

= Total and soluble phosphorus
= Total and soluble nitrogen (TKN, ammonia and oxidized nitrogen)

= QOrganic chemicals, including endocrine disrupting chemicals, pharmaceuticals and personal
care products

= Mercury
Daily mass quantities of phosphorus and total nitrogen that would be projected to be removed by the

RO and associated processes were estimated and summarized on a monthly basis for three
scenarios:

= The current wastewater loads with the chloride removal system operating at an annual average
flow of 2.6 MGD

= Future wastewater loads with the chloride removal system operating at an annual average flow
of 7.3 MGD

= Future load with the system operating at its design capacity of 15 MGD.

The mass removal quantities and projected effluent concentrations are provided in Tables 6-5 and 6-6
for phosphorus and total nitrogen, respectively.
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Table 6-5:

6-15

Projected Mass Removals of Total Phosphorus by RO Process

Total Phosphorus at Current Total Phosphorus at Future Total Phosphorus at
Annual Average Chloride Annual Average Chloride Maximum Chloride Treatment
Month Treatment Rate of 2.6 MGD Treatment Rate of 7.3 MGD Rate of 15 MGD
Pounds per Average Pounds per Average Pounds per Average
Month Effluent Month Effluent Month Effluent
Removed Conc. (mg/L)* Removed Conc. (mg/L)* Removed Conc. (mg/L)*
January 305 0.27 609 0.24 1,125 0.20
February 296 0.27 585 0.24 1,025 0.20
March 167 0.28 459 0.26 1,125 0.20
April 61 0.29 303 0.27 1,089 0.21
May 49 0.30 295 0.28 1,125 0.21
June 69 0.29 286 0.27 1,089 0.21
July 75 0.29 302 0.27 1,125 0.21
August 96 0.29 377 0.27 1,125 0.20
September 110 0.29 367 0.27 1,089 0.20
October 50 0.29 276 0.27 1,125 0.20
November 57 0.29 267 0.27 1,089 0.20
December 213 0.28 502 0.25 1,125 0.19

*average total phosphorus effluent concentration, after combining effluent treated for chloride removal and
effluent that bypasses the chloride treatment system; annual average total phosphorus concentration without
chloride treatment projected to be 0.30 mg/L

Table 6-6:

Projected Mass Removals of Total Nitrogen by RO Process

Total Nitrogen at Current Total Nitrogen at Future Total Nitrogen at Maximum
Annual Average Chloride Annual Average Chloride Chloride Treatment Rate of
Month Treatment Rate of 2.6 MGD Treatment Rate of 7.3 MGD 15 MGD
Pounds per Average Pounds per Average Pounds per Average
Month Effluent Month Effluent Month Effluent
Removed Conc. (mg/L)* Removed Conc. (mg/L)* Removed Conc. (mg/L)*
January 15,907 17.38 31,733 16.06 58,594 13.55
February 15,410 17.32 30,450 16.01 53,397 13.76
March 8,721 18.16 23,878 16.94 58,594 14.05
April 3,159 18.69 15,775 17.66 56,704 14.34
May 2,539 18.76 15,338 17.73 58,594 14.23
June 3,579 18.62 14,881 17.64 56,704 14.13
July 3,888 18.61 15,744 17.61 58,594 14.09
August 5,001 18.50 19,606 17.24 58,594 13.75
September 5,733 18.40 19,100 17.19 56,704 13.65
October 2,597 18.74 14,368 17.70 58,594 13.74
November 2,942 18.68 13,894 17.66 56,704 13.62
December 11,112 17.86 26,151 16.56 58,594 13.48

*average total nitrogen effluent concentration, after combining effluent treated for chloride removal and
effluent that bypasses the chloride treatment system; annual average total nitrogen concentration without chloride
treatment projected to be 19.0 mg/L
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6.2.3.5 RO Process Considerations

Relatively high pressure is required to drive secondary effluent through the RO membranes, and
significant energy is required to power the RO feed pumps. Membranes are susceptible to membrane
fouling without sufficient pretreatment. Membrane system suppliers estimate that the UF membranes
may require replacement every 7 years of operation and the RO and RRO membranes may require
replacement every 3 years.

There are multiple manufacturers of UF and RO equipment, and the specific equipment configuration
will be dependent upon the selected manufacturer, desired turndown ratio, and other site
requirements.

6.2.4 Electrodialysis Reversal

Electrodialysis reversal (EDR) is less susceptible to fouling by the presence of low concentrations of
suspended solids present in the NSWTP secondary effluent. Therefore, it was assumed that
pretreatment for removal of suspended solids would not be required upstream of the EDR process.

6.2.4.1 EDR Process Description

Seven new pumps (6 duty and 1 standby) would transfer secondary effluent to two EDR feed tanks.
The effluent transfer pumps would be equipped with VFDs to enable flow-pacing to achieve a target
treatment rate selected by the operator.

The EDR feed tanks would each have a minimum capacity of 320,000 gallons to provide a minimum
of 30 minutes detention at the design flow rate. Under normal operation these tanks would perform as
a single combined tank. When maintenance or cleaning is required, one tank could be taken out of
service and the full wastewater flow could be directed through the remaining tank.

The EDR process utilizes electrically charged plates to induce the transfer of ions (including chloride)
through a membrane for separation from the treated water. The EDR system would consist of 12
EDR treatment trains (10 duty and 2 standby). Each train would include an EDR feed pump for
transfer of wastewater from the EDR feed tank to the EDR process, a prefilter system for removal of
any large solids and protection of the EDR membranes, and the EDR membrane system. The
operation of individual treatment trains would be staged on and off to control the treatment flow rate as
selected by the operator. Each of the 12 EDR systems would include 8 treatment lines, each
consisting of 3 stages or passes. This equates to 24 stages per treatment train, and 288 total stages
for the system. Chemicals would be automatically dosed to the EDR permeate, if necessary, prior to
blending with the remaining untreated portion of the secondary effluent and transfer to UV disinfection
and discharge. The reject or concentrate waste stream from the EDR process is expected to
constitute approximately 10% of the treated flow, or 1.5 MGD at the design flow rate. The expected
recovery of permeate is similar to that expected from the RO alternative with a RRO system.
Concentrate waste produced by the EDR system, containing concentrated ions removed from the
NSWTP secondary effluent, would be transferred to two brine waste holding tanks for storage prior to
transportation and disposal or further concentration. Each tank would have a capacity of 2.25 MG to
provide 36 hours of detention at the design flow rate.

The EDR system would include a minimum of two CIP systems to provide periodic cleaning of
membranes when needed to restore treatment capacity. Each CIP system would utilize totes for
storage of CIP chemicals, chemical feed pumps and a tank for mixing, heating and recirculation of the
CIP solution through the membranes. Each CIP system would be dedicated to multiple EDR trains.
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An equipment list for the proposed EDR treatment system is provided in Appendix A. A conceptual
process flow diagram and mass balance is provided in Appendix B.

6.2.4.2 EDR Process Materials of Construction

The EDR process skids will be constructed of epoxy coated steel frames fitted with a combination of
PVC and stainless steel piping. CIP vessels will be of stainless steel construction. Chemicals will be
contained in bulk storage tanks constructed of appropriate materials for compatibility with each
specific chemical.

Brine waste is expected to be highly corrosive, due to the high concentration of dissolved solids
(TDS). The brine waste holding tanks will be constructed of specific epoxy coated steel, and pumps
and piping materials will be constructed of corrosion-resistant materials.

6.2.4.3 EDR Process Space Requirements

The EDR feed tanks, treatment equipment and ancillary processes would be housed within a building
with approximate dimensions of 190 feet by 370 feet. The primary brine waste holding tanks would
be located outside of the EDR treatment building. Each tank would have approximate dimensions of
115 feet in diameter by 32 feet high. The tanks would be covered to prevent the accumulation of
precipitation within the tanks. The expected overall foot print for both tanks is estimated to be 270 feet
by 125 feet.

A conceptual layout of the EDR treatment system is provided in Appendix C.

6.2.44 EDR Process Removal of Other Wastewater Constituents

Similar to the RO process, the EDR process would remove dissolved and particulate constituents from
the NSWTP secondary effluent, in addition to chloride. It is expected that significant removal of the
following constituents would be achieved for the portion of secondary effluent that is treated by the
EDR process:

= Total and soluble phosphorus

= Total and soluble nitrogen (TKN, ammonia and oxidized nitrogen)

= Organic chemicals that have a sufficient ionic charge to be impacted by the EDR process
= Mercury

Daily mass quantities of phosphorus and total nitrogen that would be projected to be removed by the
EDR process were estimated and summarized on a monthly basis for three scenarios: the current
wastewater loads with the chloride removal system operating at an annual average flow of 2.6 MGD;
future wastewater loads with the chloride removal system operating at an annual average flow of 7.3
MGD; and future load with the system operating at its design capacity of 15 MGD. The mass removal
quantities and projected effluent concentrations are provided in Tables 6-7 and 6-8 for phosphorus
and total nitrogen, respectively.
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Table 6-7:
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Projected Mass Removals of Total Phosphorus by EDR Process

Total Phosphorus at Current Total Phosphorus at Future Total Phosphorus at
Annual Average Chloride Annual Average Chloride Maximum Chloride Treatment
Month Treatment Rate of 2.6 MGD Treatment Rate of 7.3 MGD Rate of 15 MGD
Pounds per Average Pounds per Average Pounds per Average
Month Effluent Month Effluent Month Effluent
Removed Conc. (mg/L)* Removed Conc. (mg/L)* Removed Conc. (mg/L)*
January 274 0.27 546 0.25 1,009 0.21
February 265 0.27 524 0.25 919 0.21
March 150 0.29 411 0.26 1,009 0.21
April 54 0.29 272 0.28 976 0.22
May 44 0.30 264 0.28 1,009 0.22
June 62 0.29 256 0.28 976 0.22
July 67 0.29 271 0.28 1,009 0.22
August 86 0.29 338 0.27 1,009 0.21
September 99 0.29 329 0.27 976 0.21
October 45 0.30 247 0.28 1,009 0.21
November 51 0.29 239 0.28 976 0.21
December 191 0.28 450 0.26 1,009 0.20

*average total phosphorus effluent concentration, after combining effluent treated for chloride removal and
effluent that bypasses the chloride treatment system; annual average total phosphorus concentration without
chloride treatment projected to be 0.30 mg/L

Table 6-8:

Projected Mass Removals of Total Nitrogen by EDR Process

Total Nitrogen at Current Total Nitrogen at Future Total Nitrogen at Maximum
Annual Average Chloride Annual Average Chloride Chloride Treatment Rate of
Month Treatment Rate of 2.6 MGD Treatment Rate of 7.3 MGD 15 MGD
Pounds per Average Pounds per Average Pounds per Average
Month Effluent Month Effluent Month Effluent
Removed Conc. (mg/L)* Removed Conc. (mg/L)* Removed Conc. (mg/L)*
January 17,908 1717 35,726 15.69 65,967 12.86
February 17,349 17.11 34,282 15.63 60,115 13.10
March 9,818 18.06 26,883 16.68 65,967 13.43
April 3,657 18.65 17,759 17.49 63,839 13.75
May 2,858 18.72 17,268 17.57 65,967 13.63
June 4,029 18.57 16,754 17.47 63,839 13.51
July 4,377 18.56 17,725 17.44 65,967 13.47
August 5,631 18.43 22,073 17.02 65,967 13.09
September 6,454 18.32 21,503 16.96 63,839 12.98
October 2,924 18.71 16,175 17.53 65,967 13.08
November 3,313 18.64 15,642 17.49 63,839 12.94
December 12,510 17.72 29,441 16.25 65,967 12.79

*average total nitrogen effluent concentration, after combining effluent treated for chloride removal and
effluent that bypasses the chloride treatment system; annual average total nitrogen concentration without chloride

treatment proje

cted to be 19.0 mg/L
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6.2.45 EDR Process Considerations

The EDR system is expected to require less energy than an RO system, since it operates at a lower
pressure compared to the RO process. The EDR treatment system may be less complex in
comparison to the RO process, due to reduced pretreatment requirements for removal of suspended
solids. EDR membranes are not as susceptible to membrane fouling because the waste stream is not
filtered through the membrane, and only ions pass through the membranes as a result of the electric
charge induced within the EDR system. It is estimated by the EDR manufacturer that membranes
may require replacement every 10 years.

There are fewer EDR systems in operation compared to RO systems. The City of San Diego,
California, operates an EDR system for removal of TDS from reclaimed wastewater. The
performance of the EDR system was reviewed with Albert Sohikish, an engineer with the City of
San Diego. Mr. Sohikish reported that San Diego has had a good experience with its EDR system.
A summary of AECOM’s conversation with Mr. Sohikish is included in Appendix F.

EDR technology is currently available from only a single manufacturer, GE Water & Process
Technologies.

6.2.5 Brine Minimization Alternatives

A significant disadvantage of RO and EDR treatment processes is the large potential volume of
concentrate or brine waste generated as a result of treatment. It is not practical to reuse or transport
the expected volume of brine waste for off-site disposal without further concentration. Multiple
processes can be used to reduce the volume of brine for transportation and disposal, or potential
reuse. Two common alternatives evaluated for brine volume reduction are evaporation and
crystallization. Evaporation can be used to concentrate the brine waste by approximately a factor of
10, reducing the brine waste volume to 0.15 MGD at the design flow rate. A crystallizer can then be
used to reduce the brine waste from the evaporator to a solid form.

6.2.5.1 Evaporator Process Description

Concentrated brine waste would be produced from the UF/RO or EDR processes at a rate of
approximately 1,500,000 gpd at the design flow rate. An evaporation process can be used to reduce
the volume of brine that must be handled by approximately 90%.

Due to the presence of calcium, magnesium and other constituents at relatively high concentrations in
the brine waste, potential exists for precipitation of these minerals within the evaporation equipment.
Significant precipitation and scale-formation can limit the process efficiency, leading to frequent
downtime for cleaning. To achieve effective evaporation and reliable operation, the concentration of
scale-forming minerals in the brine waste must be reduced. Lime softening is a common technology
used for precipitation of scale-forming minerals, including calcium and magnesium.

Chloride Compliance Study for NSWTP June 2015



AECOM 6-20

Two cold lime softening systems, each sized to process 0.75 MGD, would be provided to remove
scale-forming minerals from the brine waste prior to evaporation. The lime softening systems were
sized without major process equipment redundancy; however, three days of upstream storage would
be provided by the primary brine waste storage tanks, at design flow, allowing evaporator down time
for cleaning and maintenance activities. Brine from the primary brine waste storage tanks would be
transferred to the cold lime softening system by two transfer pumps. Lime and/or soda ash would be
dosed upstream of two solids contact clarifiers to precipitate calcium carbonate and magnesium
hydroxide. Lime and soda ash would be stored in silos from which the chemicals would be made-
down in local mix-tanks for dosing into the process. It is likely that recarbonation and pH adjustment
of the effluent from the lime softening process would be required. Recarbonation and pH adjustment
can be achieved utilizing carbon dioxide (CO,). Sulfuric acid can also be used to reduce the pH of the
softened brine waste.

Precipitated solids would be pumped from the solids contact clarifiers and discharged to a lime sludge
holding tank. Lime sludge would be pumped from the holding tank to a belt filter press for dewatering.
Dewatered lime sludge would need to be disposed off-site. It may be possible to combine lime sludge
from the holding tank with the NSWTP biological solids for processing.

The softened brine waste would be pumped to two evaporator systems, each sized for a capacity of
750,000 gpd. Due to the relatively high cost and space requirement for this equipment, it was
assumed that equipment redundancy would not be provided to meet the anticipated brine production
rate of 1.5 MGD. Upstream storage provided by the primary brine waste storage tanks would allow
brine to be stored for up to three days to facilitate evaporator equipment cleaning and maintenance.
One evaporator feed pump would be dedicated to each evaporator.

Water evaporated from the brine waste would be condensed, cooled to a moderate temperature
(approximately 108°F), and combined with the permeate stream of the chloride removal treatment
system. The pH of the condensate would be adjusted, if necessary, along with membrane process
permeate, and then blended with the remaining secondary effluent prior to UV disinfection and
discharge. The concentrate produced by the evaporator process is expected to comprise 10% of the
influent brine flow, or approximately 150,000 gpd at the design flow rate. Concentrate would be
transferred to two secondary brine waste holding tanks for transportation and off-site disposal or
further concentration. The secondary brine waste holding tanks would each have a capacity of
225,000 gallons to provide 36 hours of detention at the design flowrate.

An equipment list for the evaporation process is provided in Appendix A. A conceptual process flow
diagram and mass balance is provided in Appendix B.

6.2.5.2 Evaporator Process Materials of Construction

The corrosive characteristics of the high TDS brine waste are further magnified by the high
temperatures maintained within the evaporation process. Corrosion-resistant materials of
construction, including specialty steels or other metals, are required for surfaces that contact the high-
temperature brine. These materials, including titanium grade 12 tubes, Hastelloy tube sheets and
product contact areas, duplex stainless steel shells, and duplex and super duplex stainless steel fan
components, contribute significantly to the capital cost of equipment. The secondary brine waste
tanks would be constructed of 304 stainless steel.
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6.2.5.3 Evaporator Process Space Requirements

The evaporator process and ancillary equipment would be housed within a building with approximate
dimensions of 80 feet by 260 feet. Due to the height of the evaporators (approximately 85 feet), it is
expected that the upper portions of the evaporators would be designed to extend above the roof of the
evaporator building and would require insulation of the exposed areas. Much of the mechanical
components associated with the evaporators are located near the bottom of the systems and would be
protected from the elements within the building

The secondary brine waste holding tanks would be located outside of the evaporator treatment
building. Each tank would have approximate dimensions of 36 feet in diameter by 32 feet high. The
expected overall foot print for secondary brine waste holding tanks is 50 feet by 90 feet. A conceptual
layout of the evaporator process is provided in Appendix C.

6.2.5.4 Evaporator Process Attributes

The evaporation process is expected to concentrate and reduce the volume of brine produced by the
membrane systems by a factor of 10. Although evaporator equipment design advances make use of
heat recovery and other energy-saving features, the process requires significant amounts of heat
(steam) and electrical energy. It is expected that the majority of ions removed by the membrane
processes would be further concentrated by the evaporation process. Condensate produced by the
process would be expected to contain only minimum concentrations of these constituents, and could
be blended with the secondary effluent to further reduce chloride concentrations.

Due to the high temperature operation of the evaporator process, condensate and cooling tower
blowdown are expected to increase the temperature of the NSWTP by a small amount.

6.25.5 Crystallizer Process Description

Concentrated brine waste will be produced from the evaporator process at a rate of approximately
150,000 gpd at the design flow rate. A crystallization process can be used to further reduce the
volume of brine that must be handled, resulting in production of a solid material.

Two pumps (one duty and one standby) would be used to transfer concentrated brine from the
secondary brine waste holding tanks waste to a single crystallization system. No redundancy in
equipment, other than the feed pumps, was included for the conceptual design. Brine can be
temporarily stored in the secondary brine waste storage tanks for short-term cleaning and
maintenance activities. The crystallization system would be sized to process 150,000 gpd of
concentrated brine waste to meet the anticipated design flow condition.

The proposed crystallization system would include a single effect, three stage, multiple vapor
recompression system with heated forced circulation. Similar to the evaporation process, water
evaporated from the crystallization process would be condensed, cooled to a moderate temperature
(assumed to be 108°F) and combined with permeate from the chloride removal treatment system.
The pH of the combined condensate and permeate would be adjusted, if necessary, and then blended
with the secondary effluent prior to UV disinfection and discharge. The volume of condensate
produced by the crystallization process is expected to be approximately 109,000 gpd (37,500 PPH *
0.1209 gal/lb * 24 hrs/day) at the design concentrated brine flow rate of 150,000 gpd.
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Crystallized brine waste is anticipated to be generated at a rate of 102 tons/day (8,500 PPH * 24
hrs/day * 1 ton / 2,000 Ibs) at the design flow condition. The crystallized brine is expected to have a
moisture content of approximately 15%, and will be discharged to roll-off dumpsters or trucks for
hauling off-site for disposal or reuse. For the purposes of this evaluation it was assumed that the
crystallized brine waste would be disposed in a landfill. If testing of the end product deems it
acceptable, some beneficial reuse opportunities may exist which could offset the disposal costs.

An equipment list for the crystallization process is provided in Appendix A. A conceptual process flow
diagram and mass balance is provided in Appendix B.

6.2.5.6 Crystallizer Process Materials of Construction

The significant corrosion characteristics of the high TDS brine waste are further magnified by the high
temperatures within the crystallization process. Similar to the evaporator system, exotic materials of
construction are required which significantly increase the capital costs of the equipment. These
materials include titanium grade 12 tubes, Hastelloy tube sheets and product contact areas, duplex
stainless steel shells, and duplex and super duplex stainless steel fan components.

6.2.5.7 Crystallizer Process Space Requirements

The crystallizer equipment and ancillary processes would be housed within a building with
approximate dimensions of 55 feet by 90 feet. Due to the height of the crystallizer system, it is
expected that the top portion of the equipment would extend above the roof of the crystallizer building
and would require insulation. Most of the mechanical components associated with the crystallizer are
located near the bottom of the system and would be protected from the elements within the building.

6.2.5.8 Crystallizer Process Attributes

The crystallization process can reduce the volume of concentrated brine waste to produce a solid
material, significantly reducing handling and disposal requirements. However, the crystallizer requires
large quantities of heat (steam) and electrical energy. A small quantity of high-quality condensate
would be produced, which could be blended with secondary effluent to reduce chloride concentrations.
Similar to the evaporator process, the elevated temperature of condensate produced by the
crystallizer, as well as cooling tower blowdown, will result in an increase in the NSWTP effluent
temperature.

6.2.6 Brine Handling Alternatives

Handling of the waste brine produced by removal of chloride from the NSWTP secondary effluent
poses a significant challenge due to relative high volumes. Disposal options vary depending on the
volume and characteristics of the final brine product. For this evaluation, it was assumed that liquid
brine waste produced by the membrane processes or the evaporation process would be disposed via
deep well injection. Landfill disposal was evaluated for crystallized brine waste. Potential may also
exist for reuse of the concentrated or crystallized brine for road de-icing. Table 6-9 summarizes the
expected volume of waste generated by each alternative and associated trucking requirements for the
varying levels of brine minimization at the design flow condition.
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Table 6-9:
Brine Disposal Volumes and Trucking Requirements
. . Volume produced Assumed Total hauls
Alternative Brine Form . per day
at design flow volume per haul
UF/RO or EDR Liquid 1,500,000 gpd 5,000 gallons 300
UF/RO or EDR + oo
Evaporation Liquid 150,000 gpd 5,000 gallons 30
UF/RO or EDR +
Evaporation + Solid 75.6 CYDS/day' 20 CYDS 3.7
Crystallization
"Based on 20 CYDS per dumpster and 1.35 tons per CYD

6.2.6.1 Liquid Waste Disposal — Deep Well Injection

Deep well injection is not permitted within the State of Wisconsin. Therefore, waste would need to be
hauled out of state to a permitted deep well injection site. A waste disposal company was contacted
to determine requirements and fees for deep well injection at a disposal site in Vickery, Ohio. The
disposal capacity of this site would be limited to 50,000 gpd of brine waste, but it was assumed that
disposal costs would be representative. It may be possible to contract with a waste disposal company
to permit, develop and operate a deep well injection system at a closer location for disposal of the
liquid brine waste under a long-term contracting scenario.

The potential for up to 300 tanker trucks arriving and departing from the NSWTP per day for removal
of 1,500,000 gallons of brine from the UF/RO or EDR process would have a significant impact on the
plant and the surrounding community. It is expected that hauling and disposal of brine waste directly
from the UF/RO or EDR system does not appear to be a viable alternative due to the high volumes of
brine that would be produced. Hauling and disposal of 150,000 gpd of brine waste produced by the
evaporation process would require approximately 30 tanker truck loads per day, and would also have
a significant impact on the plant and community. These alternatives may require multiple deep well
injection sites due to the significant brine volumes which would be disposed.

6.2.6.2 Solid Waste Disposal - Landfill

It was assumed that the crystallized brine waste could be disposed in a solid waste landfill. The
Madison Prairie Landfill, operated by Waste Management, was contacted to review the feasibility and
requirements for disposal of the crystallized brine waste.

The crystallized brine waste results in the minimum waste volume which can be achieved for this
waste stream. Approximately 102 tons per day of solid material with 15% moisture content would be
produced at the design flow condition, or approximately 75.6 cubic yards per day at an assumed
density of 1.35 tons per cubic yard. Madison Prairie Landfill can provide 30 cubic yard containers for
solid waste hauling. If each container is filled with approximately 20 cubic yards of waste, less than 4
loads would be removed from the site per day.
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6.2.6.3 Beneficial Reuse

There is potential that the concentrated brine or crystallized brine waste could be utilized for beneficial
reuse, such as for road de-icing. However, the final characteristics and presence of constituents
which are concentrated within the waste stream would need to be evaluated for individual reuse
opportunities. Beneficial reuse of a portion or all of the brine waste could reduce the cost of disposal.
Transportation costs may also be borne by the end user of the product. Storage of the brine waste
would need to be provided, and significant storage may be required for seasonal reuse options. Due
to the volume and properties of the crystallized brine waste, storage requirements would be reduced in
comparison with storage of liquid brine.

6-24

6.3 Alternatives Summary

For purposes of developing cost projections, as well as the TBL analysis, the source water softening,
chloride removal, brine minimization and brine disposal options were grouped into eight alternatives as

summarized in Table 6-10.

Table 6-10:

Summary of Chloride Compliance Alternatives

Alternative

Description

Source water softening

Treatment for removal of hardness at water supply source (and associated
elimination of residential, commercial, and industrial zeolite water softeners).

1A | — wellhead treatment for | Treatment consists of membrane softening located at individual wells. It was
hardness (22 wells) assumed that 22 individual treatment systems each capable of softening a 3.0
MGD raw water supply would be required.
Treatment for removal of hardness from water supply at a centralized location
(and associated elimination of residential, commercial, and industrial zeolite
Source water softening water softeners). Treatment consists of membrane softening located at a single
B~ centralized treatment centralized treatment site. It was assumed that the centralized system would be
for hardness (50 MGD capable of producing 50 MGD of softened water. Infrastructure improvements to
firm capacity direct water from supply wells to the treatment facility and from the treatment
facility to the distribution system are assumed to include 135 miles of watermain
at a cost of $1,000,000 per mile.
Treatment of up to 15 MGD of NSWTP effluent using reverse osmosis
oA Treatment at NSWTP technology for chloride removal. Treatment includes handling and disposal of up
using RO to 1.5 MGD of concentrated brine waste. Annual average treatment rate
assumed to be 7.3 MGD for the future year 2030 design condition.
Treatment at NSWTP Treatment of up to 1.5 MGD of NSWTP effluent using .reverse .osm03|s
) . . technology for chloride removal, followed by evaporation of brine to reduce
using RO with brine . . . .
2B S . volume for disposal. Treatment includes handling and disposal of up to 0.15
minimization using .
evaporation MGD of concentrated brine waste. Annual average treatment rate assumed to
P be 7.3 MGD for the future year 2030 design condition.
Treatment at NSWTP Treatment of up to 1 5 MGD of NSWTP effluent using .reverse osmos!s .
) . . technology for chloride removal, followed by evaporation and crystallization of
using RO with brine . . . . .
L . brine to reduce volume for disposal. Treatment includes handling and disposal
2C | minimization using

evaporation and
crystallization

of up to 102 tons per day of concentrated brine waste. Annual average
treatment rate assumed to be 7.3 MGD for the future year 2030 design
condition.
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Alternative S
Treatment of up to 15 MGD of NSWTP effluent using electrodialysis reversal
3A Treatment at NSWTP technology for chloride removal. Treatment includes handling and disposal of up
using EDR to 1.5 MGD of concentrated brine waste. Annual average treatment rate
assumed to be 7.3 MGD for the future year 2030 design condition.
Treatment at NSWTP Treatment of up to 1.5 MGD of NSWTP effluent using .electrod'laly3|s reversal
) . . technology for chloride removal, followed by evaporation of brine to reduce
using EDR with brine ) . . .
3B L . volume for disposal. Treatment includes handling and disposal of up to 0.15
minimization using .
evaporation MGD of concentrated brine waste. Annual average treatment rate assumed to
P be 7.3 MGD for the future year 2030 design condition.
Treatment at NSWTP Treatment of up to 1 5 MGD of NSWTP effluent using .electrodlaIyS|s revgrsal
) . . technology for chloride removal, followed by evaporation and crystallization of
using EDR with brine . . . . .
L . brine to reduce volume for disposal. Treatment includes handling and disposal
3C | minimization using

evaporation and
crystallization

of up to 102 tons per day of concentrated brine waste. Annual average
treatment rate assumed to be 7.3 MGD for the future year 2030 design
condition.
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7.0 Projected Capital, Operating and Maintenance Costs

Projected capital, and annual operating and maintenance costs were developed at a conceptual level
for the treatment alternatives described in Section 6. The estimated costs are consistent with a Class
4 estimate as defined by the Association for the Advancement of Cost Engineering International
(AACE) criteria, which is defined as a Planning Level or Design Technical Feasibility Estimate. Class
4 estimates are used to prepare planning level cost scopes or to evaluate alternatives in design
conditions and form the base work for the Class 3 Project Budget or Funding Estimate. Expected
accuracy for Class 4 estimates typically ranges from -30% to +50%, depending on the technological
complexity of the project, appropriate reference information, and the inclusion of an appropriate
contingency determination. In unusual circumstances, ranges could exceed +50/-30%.

It was assumed that most tanks and equipment would be installed above grade for accessibility and to
avoid potential constructability issues associated with dewatering and soil conditions. However,
consideration could be given to below-grade construction of some treatment and storage tanks during
subsequent design phases when a final treatment site location is selected and additional details
regarding site conditions are available.

Major process equipment (with the exception of the brine storage tanks) would be installed inside
buildings due to concerns over potential freezing and maintenance challenges during cold
temperatures. Buildings were assumed to be of brick and block construction, similar to other process
buildings at the NSWTP site. Process tanks within the process buildings would be constructed of
cast-in-place concrete with common wall construction. An exception to this approach is the NF/RO
feed tanks for the individual well softening option. Due to their smaller anticipated capacity (24,000
gallons) these tanks were assumed to be constructed of fiberglass reinforced plastic (FRP). Smaller
tanks for chemical storage would be polypropylene or FRP, unless the chemical being stored warrants
a different material for improved compatibility. Primary brine waste tanks located outside of building
would be constructed of epoxy coated steel, and the secondary brine waste tanks would be
constructed of stainless steel.

For the 22 well sites within the Madison Water Utility system, approximately 35% are estimated to
have sufficient space to construct a softening system. It is assumed the remaining 65% of the well
sites would require procurement of additional real estate to allow for construction of a softening
system. It was assumed that property would also need to be acquired for the new centralized
softening facility.

It is expected that the NSWTP has sufficient land space available for construction of the chloride
removal alternatives. The available space consists of an area east of the Effluent Building as well as
an area north of the Metrogro tanks and west of the Biosolids End Use Building.

The ideal location for the chloride reduction equipment would be east of the Effluent Building due to its
proximity to the secondary effluent stream. However, the approximate footprint as illustrated in the
conceptual layout drawings (Figures C-2 and C-3 in Appendix C) indicates that the equipment may
not fit in this area. If possible, it is recommended that the UF/RO or EDR membrane systems be
located in east of the Effluent Building. Residuals minimization equipment could be constructed at
another location, if necessary.
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7.1 Projected Capital Costs

An estimate of probable capital cost was developed for each chloride compliance alternative.
Budgetary quotes were solicited from equipment manufacturers and tank fabricators for major
equipment. Other costs were estimated based on recent construction experience and published cost
data, or were factored based on equipment costs.

Projected capital costs for the wastewater treatment alternatives described above are summarized in
Table 7-1. Note that cost for any required land acquisition associated with each treatment alternative
is not included in the capital costs.

Table 7-1:
Conceptual Chloride Compliance Capital Cost Projections
. . : Projected
Chloride Compliance Alternative Capital Cost
Source Water Softening
1A | Wellhead softening (22 well sites) $91,512,000
Centralized softening (50 MGD firm capacity) $75,300,000
Allowance for distribution system upgrades (135
8 miles at $1,000,000 per mil};) > ( $135,000,000
Subtotal, centralized softening $210,300,000
UF/RO Treatment at NSWTP
2A | UF/RO with recovery RO $86,833,000
2B | UF/RO with recovery RO and evaporator $170,731,000
2C | UF/RO with recovery RO, evaporator and crystallizer | $193,483,000
EDR Treatment at NSWTP
3A | EDR $80,824,000
3B | EDR with evaporator $164,722,000
3C | EDR with evaporator and crystallizer $187,474,000

Details of the capital cost projections are provided in Appendix D. Manufacturer information,
including budgetary equipment cost estimates, is provided in Appendix F.

The District requested that a rough projection be made of the capital cost for treatment of all of the
effluent from the NSWTP. It should be noted that removal of chloride from all of the NSWTP effluent
would result in an effluent that would contain a very low concentration of dissolved solids, which could
be detrimental for discharge to the receiving streams. The cost and challenges associated with
management and disposal of the waste stream produced by the chloride treatment system would also
be significantly increased, as the volume of brine produced by the chloride treatment system would be
approximately 5 MGD at a chloride treatment rate of 50 MGD. Therefore, the treatment system would
need to include equipment for reducing the volume of waste brine prior to off-site disposal or beneficial
use. Capital costs for treatment of all of the NSWTP effluent were projected by factoring the
conceptual capital costs for the 15 MGD chloride treatment systems. The capital cost for a chloride
system sized for a capacity of 50 MGD is projected to range from $500,000,000 to $600,000,000 for
chloride treatment with facilities to minimize the volume of brine that would require disposal.
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7.2 Projected Annual Operation and Maintenance Costs

A projection of annual costs for operation and maintenance was developed for each chloride
compliance alternative, including estimated costs for chemicals, power, liquid/solids disposal,
consumables, labor and maintenance. Chemical costs were determined based on conceptual
estimates of required chemical quantities and budgetary chemical prices. Power costs were
estimated based on motor loads, estimated operating durations, and a unit cost for electricity of $0.09
per kW-hour. The costs for liquids and solids disposal were determined for off-site deep well injection
or landfill disposal, assuming nonhazardous characteristics. Labor was estimated based on estimated
labor hours for each treatment alternative, and an average labor rate of $47.38 per hour provided by
District staff. Maintenance costs were estimated based on a percentage of mechanical and electrical
equipment costs of 5% per year.

For chloride treatment alternatives at the NSWTP, annual operation and maintenance costs would be
impacted by the volume of flow treated by the chloride removal and ancillary processes prior to
blending to achieve the target chloride limit. The volume needed for treatment is expected to vary
seasonally, and the full design capacity of the treatment system would not be required to be operated
at all times. Therefore, annual operation and maintenance costs were projected for three operating
scenarios:

= Current NSWTP flows and chloride concentrations
= Design condition flows and chloride concentrations
= Full design (firm) capacity of 15 MGD

Disposal costs for the brine waste represent a significant proportion of the estimated annual costs for
alternatives that do not include treatment to reduce brine volumes. Transportation and disposal costs
are significantly decreased for alternatives that include evaporation and crystallization. Brine disposal
costs were estimated based on transportation to a deep well injection site in Vickery, Ohio. However,
it is expected that a closer disposal site could be identified, or it may be possible to contract with a
disposal company to permit, construct and operate a deep well disposal facility specifically for disposal
for brine waste from the NSWTP. For the purposes of this evaluation, it was assumed that a suitable
disposal site could be located within 250 miles of the NSWTP, and the estimated transportation costs
were factored accordingly.

A summary of the annual operating cost projections is provided in Table 7-2. The cost summary

takes into consideration the expected operating time and use of capacity with respect to chemicals,
liquids and solids disposal, and power costs.
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Table 7-2:

7-4

Conceptual Chloride Compliance Operation and Maintenance Cost Projections

Chloride Compliance Alternative

| Projected Annual Operation and Maintenance Cost

Source Water Softening

1A | Wellhead softening (22 well sites) $10,854,000

Centralized softening (50 MGD firm
18 capacity, operating at 28.2 MGD average) $10,094,000

- . . Ccél:]:jri(:inotn Future Condition | Design Capacity
Chloride Compliance Alternative 7.3 MGD Average 15 MGD
2.6 MGD Average .
Flow Flow Firm

UF/RO Treatment at NSWTP

UF/RO with recovery RO $4,227,000 $5,596,000 $7,843,000
2A | Brine disposal $46,719,000 $131,172,000 $269,532,000

Subtotal $50,946,000 $136,768,000 $277,375,000

UF/RO with recovery RO and evaporator $8,216,000 $13,155,000 $21,252,000
2B | Brine disposal $4,672,000 $13,117,000 $26,953,000

Subtotal $12,888,000 $26,272,000 $48,205,000

UF/RO.W|th recovery RO, evaporator and $9.119,000 $14.590,000 $23.556,000
2C crystallizer

Solid waste disposal $325,000 $902,000 $1,839,000

Subtotal $9,444,000 $15,492,000 $25,395,000

_ . . Cc;l;gﬁrc)tn Future Condition | Design Capacity
Chloride Compliance Alternative 7.3 MGD Average 15 MGD
2.6 MGD Average .
Flow Flow Firm

EDR Treatment at NSWTP

EDR $3,593,000 $4,159,000 $5,087,000
2A | Brine disposal $46,719,000 $131,172,000 $269,532,000

Subtotal $50,312,000 $135,331,000 $274,619,000

EDR and evaporator $7,582,000 $11,718,000 18,496,000
2B | Brine disposal $4,672,000 $13,117,000 $26,953,000

Subtotal $12,254,000 $24,835,000 $45,449,000

EDR, evaporator and crystallizer $8,486,000 $13,152,000 $20,801,000
2C | Solid waste disposal $325,000 $902,000 $1,839,000

Subtotal $8,810,000 $14,054,000 $22,640,000

Details of the annual operation and maintenance cost projections are included in Appendix D.

As requested by the District, rough annual operation and maintenance costs were projected for a
chloride treatment facility sized for treatment of all of the effluent from the NSWTP. These operation
and maintenance costs were developed by applying a rough factor to the conceptual operation and
maintenance costs developed for the future design capacity of 15 MGD, and do not include costs
associated with chemical addition that may be required to increase the concentration of total dissolved
solids prior to discharge, to avoid adverse impacts to the receiving streams. In addition, due to the
very high volume of waste brine produced by the chloride treatment facility, it would not be feasible to
operate the system without equipment for reduction of the brine volume prior to off-site disposal or
beneficial use. The annual operation and maintenance cost for treatment of chloride at an average
Chloride Compliance Study for NSWTP
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flow rate of 50 MGD is roughly projected to range from $75,000.000 to $150,000,000, depending on

the extent of treatment used to reduce the volume of brine and assuming that the brine would be

disposed off-site.

7.3 Net Present Value

The net present value of each alternative was determined over a 20-year period, assuming a discount
rate of 5% and an annual escalation in operation and maintenance cost of 3%. A summary of the net

present value calculated for each alternative is provided in Table 7-3.

Table 7-3:

Conceptual Chloride Compliance Net Present Value Cost Projections

Chloride Compliance Alternative

Net Present

Value

Source Water Softening

1A | Wellhead softening (22 well sites) $287,800,000

Centralized softening (50 MGD firm capacity,

1B operating at 28.2 M(glg average) P $386,000,000
UF/RO Treatment at NSWTP

2A | UF/RO with recovery RO $2,348,800,000
2B | UF/RO with recovery RO and evaporator $619,000,000
2C | UF/RO with recovery RO, evaporator and crystallizer $464,400,000

EDR Treatment at NSWTP

3A | EDR

$2,319,100,000

3B | EDR with evaporator

$589,300,000

3C | EDR with evaporator and crystallizer

$434,800,000
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8.0 Triple Bottom Line Analysis of Chloride Compliance
Alternatives

Eight chloride compliance alternatives described in Section 6 were reviewed using the TBL evaluation
methodology described in Section 4 of this document. The output format includes the TBL radial chart
with a circle divided into thirds representing the major categories of evaluation criteria:

= Financial and operational
= Environmental
= Social and community

A summary of the TBL evaluation is provided in Appendix E. Data sheets used to provide the input
for analysis of each alternative are also included in Appendix E. Each of the 17 criteria selected by
the District is represented by a slice of the circle and is color-coded by degree of positive and negative
impacts on the criteria. Furthermore, the thickness of each slice is represented by the relative weights
assigned by the District, thereby visually limiting or expanding the area of the circle represented by the
criterion. To complement the radial chart, a list of key performance metrics is shown below each chart.
These metrics show quantified indicators such as total net present value cost, total energy use and
carbon footprint, and others, that help in distinguishing alternatives from each other in additional to the
visual comparison of the radial charts.

Based on the overall scores, Alternatives 1A, 1B, 2A, 3A, and 3C were determined to rank the highest
among the alternatives. However, closer examination of these alternatives reveals that each of these
four alternatives score differently across the financial and operational, environmental, and social and
community categories, making a single recommendation based on TBL not immediately obvious.
While the scores for each of the general TBL categories vary considerably for each alternative, the
total scores for each alternative are relatively similar.
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Comparison of 8 alternatives for the Chloride Treatment Plant
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A comparison of overall scores in the social, environmental, and financial categories is displayed in

the following graphs.

Social Score

100 +

50 -

25 -

1A 1B 2A 2B 2C 3A 3B 3C

Environmental Score
100 -
75 -

50 A

1A 1B 2A 2B 2C 3A 3B 3C

Financial Score
100 -
75 -
50 -

25 -

1A 1B 2A 2B 2C 3A 3B 3C
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Alternative 1A achieved the highest overall score, largely due to strong performance in the financial
category at the expense of poorer performance in the social category. Conversely, alternatives 2A and
3A had the strongest overall performance in the environmental category but at the expense of far
higher costs and poorer performance in the financial and operational category. Even within the social
category, 2A and 3A have positive impacts with leadership/ innovation and worker safety but
significantly negative impacts on public health. Alternatives 2C and 3C scored the highest overall in
the social category. When interpreting the results of the TBL analysis, note that the analysis is
sensitive to the type of scoring and weighting factors selected by the AECOM and District review
team. Some inputs to the TBL analysis rely on judgment as exercised by the evaluators.

The evaluation highlights the intended use of the TBL analysis as an advisory tool in the overall
decision process. The TBL analysis merely highlights the positive and negative impacts of the project
alternatives with respect to financial, environmental and social externalities. Ultimately, the District
and public representatives would need to weigh the negative consequences against the positive
attributes of each alternative to select an optimum strategy for the greater Madison community.

The TBL charts below show the scores for each category.
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Tables 3-1 through 3-4

Chloride Compliance
Options
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Table 3-1

Madison Metropolitan Sewerage District
Chloride Treatment Feasibility Study

Comparison of Chloride Reduction Options — Source Reduction (SR)

Residuals
, Phosphorus | (Volume . Operation &
. . : Chloride ; Capital . : .
Option Location Treatment Requirements ; & Nitrogen | as percent Maintenance Benefits Disadvantages
Reduction Cost
Removal of forward Costs
flow)
Concentrations of Fe/Mn in deeper Replacing high chloride water
i i i i i Source water treatment may be
SR1 — Develop new water aquifers W|.th lower chlorlfje Minimal (less than Moderate (if Moderate (if sources (50 to 120 mg/L 'chlorlde) Ny |
supply sources with lower Individual concentrations may require 10% of chloride load None None Fe/Mn Fe/Mn treatment may reduce overal chloride load to reduired for Terh femovar
chlrz)pri)(;e concentrations wells treatment via oxidation and s frZ)m source water) treatmentis | " . 4) NSWTP approximately 5%. Additional treatment for chloride
filtration to meet secondary required) q Could reduce costs for chloride would be required at NSWTP.
drinking water standards. treatment at NSWTP.
In combination with other chloride
. i Treatment of water which may not
Pretreatment: Up to 99% reduction source reductpn.measures, may be i "
e Cartridge filters, granular in source water adequate to eliminate need for require chioride removal (1.
di ?It d /g hioride. but minimal treatment at NSWTP. irrigation water)
SR2 - Treatment for chloride | Individual microfitration or ulrafitraion | redction of chiorce Some chioride removal Relaiively Pigh oost for retiova of
| af wat | i t NSWTP (less th None 2-50% High High technologies (reverse osmosis and approximately 8% of the chloride
removal at water supply source | wells Treatment: ?00/ ¢ ch (%ssl Zn electrodialysis reversal) provide load to the NSWTP
. Reverse osmosis i o Of chionde loa removal of hardness’ which may Multlple treatment facilities to be
’ is from source water) - . . . d and maintained
electrodialysis reversal, or eliminate need for residential zeolite operated and maintaine
anion exchange softening systems and resulting Brine disposal
discharges of chloride to NSWTP.
Difficult to implement for individual
wells.
Potential exposure to hazardous
Pretreatment: Improved potable water quality chemicals depending on
e  Fe/Mnremoval may be Eliminating need for (reduced hardness, Fe and Mn) treatment technology
SR3 —Treatment for removal of required prior to ion exchange | dentialgzeolite Reduces or eliminates need for Treatment of water which may not
hardness at water supply . or membrane-based softening residential water softeners and require softening (i.e. irrigation
. Individual . water softeners could o . . . . N t
source (and associated wells technologies. result in 50 to 80% None 5-50% High High resulting chloride contributions water)
elimination of residential zeolite Treatment: duction in chl ; Eliminates need for chloride May require isolation of individual
water softeners) ' reduction In chioride treatment at NSWTP if residential water distribution zones if not all
*  Lime softening, ion exchange | load to the NSWTP. water softeners are eliminated. wells are softened; could create
(mineral acid regenerant), or dissatisfaction among customers
nanofiltration  Multiple treatment facilities to be
operated and maintained
¢ Residuals disposal




Table 3-1

Madison Metropolitan Sewerage District
Chloride Treatment Feasibility Study

Comparison of Chloride Reduction Options — Source Reduction (SR)

Residuals
, Phosphorus | (Volume . Operation &
. . : Chloride ; Capital . . .
Option Location Treatment Requirements . & Nitrogen | as percent Maintenance Benefits Disadvantages
Reduction Cost
Removal of forward Costs
flow)
. Treatment of water which may not
Pretreatment: P ; :
Cartidae fi | e In Combmjtlc? with other chlorldeb require chloride removal (i.e.
* 2 dl.‘l ?rta ! ers(; /granu ar Up to 99% reduction szurce :e tuc ||.on.metasure:,fmay e irrigation water)
One or more m.e Ia;.ltl etr an olrt filtrati in source water ? e?ua et Otilgnvl\?'?Pe heed for Relatively high cost for removal of
SR4 — Treatment for removal of treatment e er e chloride, but minimal Srce)?n:igloaride remov.al approximately 8% of the chloride
—_ [ ]
. ) facilities Treatment: reduction of chloride . . ) : load to the NSWTP.
chloride at centralized _ None 2-50% High High technologies (reverse osmosis and Brine di |
. located within | ¢  Reverse osmosis at NSWTP (less than A : rine disposa
location(s) ’ . electrodialysis reversal) provide Central treat t i
the water e|ectrodia|ysis reversal. or 10% of chloride load . entral reatment requires
’ . removal of hardness, which may b ial dificati h
supply system anion exchange is from source water) iminat Yy dential zeolit substantial modifications to the
e |m|n? € need for residen |a.zeo e distribution system and may not
sgftemng systems .and resulting provide the same reliability as
discharges of chioride to NSWTP. distributed water supply sources.
Potential exposure to hazardous
chemicals depending on
treatment technology
. Treatment of water which may not
Pretreatment: .
* Improved potable water quality require softening (i.e. irrigation
e Fe/Mn removal may be L (reduced hardness, Fe and Mn) t
One or more ) ) . Eliminating need for L water)
required prior to ion exchange . . . ¢ Reduces or eliminates need for Residuals di |
treatment . residential zeolite . ) esiduails disposa
SR5 — Treatment for removal of s or membrane-based softening residential water softeners and Requi ianificant
hard lized facilities technologi water softeners could N 5-509% High High i hlorid tributi equires significant new
ar hess at centralize located within echnologies. result in 50 to 80% one -50% ig ig refsu. ing chloride contri u ions infrastructure to convey well water
location(s) the water Treatment: reduction in chloride * Eliminates need for chloride to centralized treatment facility
treatment at NSWTP if residential ior to distributi
SUpp'y System ° Lime Soﬁening ion exchange load to the NSWTP. .. prior 1o distrioution
’ water softeners are eliminated. Central treatment requires
(mineral acid regenerant), or . o q
nanofiltration substantial modifications to the
distribution system and may not
provide the same reliability as
distributed water supply sources.
Potential for increased IPP and
Industrial and administrative requirements to
SR6 - Industrial/commercial crLr:rsnzf:cizr Treatment or elimination of chloride | jinimum impact at None N/A N/A N/A e Reduces contributions of chloride monitor chloride reduction
source reduction sites alttlndlwdual industrial/commercial | NswTP from industrial/commercial users measures
sites

Increased cost to industrial /
commercial customers




Table 3-1

Madison Metropolitan Sewerage District
Chloride Treatment Feasibility Study

Comparison of Chloride Reduction Options — Source Reduction (SR)

Residuals
, Phosphorus | (Volume . Operation &
. . : Chloride ; Capital . . .
Option Location Treatment Requirements . & Nitrogen | as percent Maintenance Benefits Disadvantages
Reduction Cost
Removal of forward Costs
flow)

Eliminating use of
SR7 - Educate residential Individual residential zeolite o « Residential customers impacted
customers a.n(yor residential N/A water softeners could None N/A N/A N/A ¢ Reduces or eliminates largest by challenges associated with use
control/prohibit use of result in 50 to 80% source of chloride from the system of hard water
residential water softeners customers reduction in chloride

load to the NSWTP.
SR8 — Convert to use of higher | Individual Replace residential zeolite Data to be provided « Reduces chloride load to NSWTP * Increased cost to residential

residential None N/A N/A N/A . . t
from residential water softeners customers

efficiency water softeners

customers

softeners

by the District




Table 3-2

Madison Metropolitan Sewerage District

Chloride Treatment Feasibility Study

Comparison of Chloride Reduction Options — Treatment at NSWTP (TP)

Residuals
, Volume . Operation &
Option Location Uil G ez PINESE oS & ag percent el Mgintenance Benefits Disadvantages
P Requirements Reduction Nitrogen Removal Cost 9
of forward Costs
flow)
TP1 - Reduce or eliminate i
: L Minimal reduction (2%) of Reduced or alternate chemical use may
usg of chemlcals at NSWTP NSWTP N/A Minimal None N/A N/A N/A chioride load to NSWTP negatively impact the NSWTP performance
which contribute chloride

Pretreatment: Susceptible to membrane fouling without

e Microfiltration or Provides barrier to suff|0|.ent pretreatment . .
ultrafiltration, granular | 95 10 9% in treated Removal of dissolved microoganisms and Requires high pressure to achieve high salt

TP2 - Treat a portion of activated carbon effluent; desired removal | and particulate anthropogenic organic rejection (chloride removal)
NSWTP effluent using NSWTP adsorption, and/or achieved by blending phosphorus and 15-50% High High contaminants Significant use and disposal of cleaning
reverse osmosis technology advanced oxidation treated and untreated nitrogen (ammonia, Numerous operating chemical solutions
. effluent nitrate, nitrite) systems in similar Membranes are susceptible to damage by
Chloride Treatment: I chlorine
applications ) )
. Reverse osmosis ngh volume of brine pI'OdUCGd
Pretreatment: Removes dissolved Reduced pretreatment
. hich .

e Cartridge filters, ions which pass ' requirements cpmpared to - |
granular media filter through the membrane; reverse osmosis Larger foot print compared to reverse osmosis
microfiltration or ' 50% to 95% (dependent partlcglate phosphorus Operates at lower pl.'essure One U.S. manufacturer

TP3 — Treat a portion of ultrafiltration, granular on number of stages) in and nitrogen may be than revgrse osmosis Less proven; only one full-scale wastewater
NSWTP effluent using NSWTP activated carbon treated effluent; desired | femoved by EDR 10% High High Less maintenance and treatment plant
electrodialysis reversal adsorption, and/or removal achieved by pretreatment system. ° 9 9 longer membrane life than Susceptible to membrane fouling without
technology advanced oxidation blending treated and reverse osmosis sufficient pretreatment
. _ untreated effluent LOWG!’ reqwrements for Significant power requirements
Chioride Treatment: cleaning chemicals and Significant volume of brine produced
e Electrodialysis reversal associated disposal
Compatible with chlorine
concentrations <0.5 mg/L
. . Prone to inorganic and biological fouling which

Pretreatment: Pt? tent;]altto remove q Reduced pretreatment may result in irreversible degradation of resins

¢  Granular media filter, phosphate, nitrite an requirements compared to Sensitive to influent water quality fluctuations
microfiltration or o nitrate ions through ion other technologies Large quantities of sodium hydroxide and

) ultrafiltration, granular 9510 99% |n. treated e?(change prf)c?ess, Potential for lower volume sulfuric acid used for regeneration and pH
TP4 — Treat a portion of activated carbon effluent; desired removal | nitrate and nitrite are of brine waste compared to balancin
NSWTP effluent using anion | NSWTP achieved by blending preferentially removed 2% Moderate | Moderate 9

exchange

adsorption, and/or
advanced oxidation

Chloride Treatment:

¢ Anion exchange
(hydroxide based)

treated and untreated
effluent

over chloride.
Particulate phosphorus
and nitrogen may be
removed by
pretreatment system

other technologies

Lower power requirements
compared to other
technologies

Limited application for treatment of municipal
wastewater

Other anions may be preferentially removed
reducing the system capacity for chloride
reduction

Brine / chemical regenerant disposal




Table 3-3

Madison Metropolitan Sewerage District
Chloride Treatment Feasibility Study

Comparison of Chloride Reduction Options — Brine Minimization (BM)

Residuals
, Phosphorus | (Volume . Operation &
. . : Chloride ; Capital . . .
Option Location Treatment Requirements . & Nitrogen | as percent Maintenance Benefits Disadvantages
Reduction Cost
Removal of forward Costs
flow)
Significant use of chemical
cleaning solutions which require
disposal
Concentration of primary chloride Membranes are susceptible to
BM1 — Microfiltration / reverse removal technology brine (reverse . Reduces brine volume dgmgge by chlorine
0SMOSIS NSWTP osmosis or electrodialysis reversal) | N/A N/A 40-60% Moderate Moderate - Poton Hn Liquid waste produced
using microfiltration and reverse otential for beneficial reuse Potentially hazardous chemicals
osmosis present at low or non-detectable
concentrations in the NSWTP
effluent may be concentrated into
the brine or solid material
Solids produced by lime softening
process require disposal
Significant use of chemical
Lime softening for removal of cleaning solutions which require
divalent cations to improve the Improves performance and disposal
BM2 — Lime softening followed concentration factor that can be recovery rate of the reverse Membranes are susceptible to
by microfiltration / reverse NSWTP achieved by reverse osmosis, N/A N/A 10-40% High High osmosis process, resulting in a damage by chlorine
osmosis improving overall recovery rate; lower volume of concentrated brine Liquid waste produced
microfiltration used to protect Potential for beneficial reuse Potentially hazardous chemicals
reverse osmosis membranes present at low or non-detectable
concentrations in the NSWTP
effluent may be concentrated into
the brine or solid material
Energy intensive
Corrosion potential due to high
chloride concentrations
Use of heat to evaporate water , . Produces less brine waste than Potentially hazardous chemicals
BM3 - Evaporator NSWTP from t?rlne, concentrating salts and | N/A N/A 2-10% Very High Very High reverse osmosis brine minimization present at low or non-detectable
reducing volume alternatives concentrations in the NSWTP
effluent may be concentrated into
the brine or solid material
Significant equipment and space
requiremen
BM4 - Brine Use of heat to evaporate water Produces i C?gri (Iaexeo tZration
_ NSWTP from brine, followed by further N/A N/A s | Highest Highest Produces solid waste or product plex oper
concentrator/crystallizer solid material Potential for beneficial reuse Energy intensive

removal of water in a crystallizer

Corrosion potential due to high
chloride concentrations




Table 3-3

Madison Metropolitan Sewerage District
Chloride Treatment Feasibility Study

Comparison of Chloride Reduction Options — Brine Minimization (BM)

Option

Location

Treatment Requirements

Chloride
Reduction

Phosphorus
& Nitrogen
Removal

Residuals
(Volume
as percent
of forward
flow)

Capital
Cost

Operation &
Maintenance
Costs

Benefits

Disadvantages

Potentially hazardous chemicals
present at low or non-detectable
concentrations in the NSWTP
effluent may be concentrated into
the brine or solid material

BM5 - Freeze/thaw

NSWTP / off-
site

Freezing to produce ice crystals
and further concentrate brine
solution

N/A

N/A

25- 50%

Moderate

Low

¢ Natural system
¢ No moving parts
e Simple operation

Requires large land areas which
would likely require lining
Unproven technology

Seasonal operational issues
(storage required during above-
freezing temperatures)
Weather-dependent

Liquid waste produced
Potentially hazardous chemicals
present at low or non-detectable
concentrations in the NSWTP
effluent may be concentrated into
the brine or solid material

BM6 - Natural treatment
systems (wetlands)

NSWTP / off-
site

Plant and soil-based treatment for
limited removal of chloride from
brine

N/A

N/A

Liquid and
sediment
residuals; no
loss other
than
evaporation

Moderate

Low

¢ Limited mechanical equipment to
operate and maintain

¢ Minimizes operational cost with the
exception of periodic disposal and
reconstruction

Requires large land areas
Likely requires a lined system
Unproven technology

Limited chloride removal
Seasonal

Very limited application for brine
minimization

Accumulation of chlorides
requires periodic removal and
landfill disposal of organic
materials and sub soil followed by
wetland reconstruction

BM7 - Evaporation ponds

NSWTP / off-
site

Evaporation of water from brine in
a pond

N/A

N/A

N/A

High

Low

e Minimum operational cost

Requires large surface areas
Best suited for arid climates
Requirement for liner system
Ultimate disposal of residual
solids in landfill.




Comparison of Chloride Reduction Options — Brine/Residuals Disposal or Reuse (D)

Table 3-4

Madison Metropolitan Sewerage District
Chloride Treatment Feasibility Study

Option

Location

Treatment Requirements

Chloride
Reduction

Phosphorus
& Nitrogen
Removal

Residuals
(Volume
as percent
of forward
flow)

Capital
Cost

Operation &
Maintenance
Costs

Benefits

Disadvantages

D1 - Beneficial reuse of
reduced-volume brine or solids

Off-site

Brine or solids contain chloride and
other salts which may have value
for reuse

N/A

N/A

N/A

Moderate

Low

Beneficial reuse

Must identify and maintain
markets for beneficial reuse
Storage may be needed if reuse is
seasonal

Potential presence of hazardous
chemicals in the brine or solid
material

D2 - Storage for winter use in
road de-icing

NSWTP / off-
site

Storage of brine or solids for use in
seasonal road de-icing

N/A

N/A

N/A

High

Low

Beneficial reuse
Reduces cost for de-icing
chemicals

Significant storage capacity may
be required

Chloride may be re-introduced
into influent to NSWTP if used for
de-icing

Potential presence of hazardous
chemicals in the brine or solid
material

D3 — Deep well injection

NSWTP / off-
site

Disposal of brine via deep well
injection

N/A

N/A

N/A

Low (for
existing
deep wells)

High

Eliminates chloride from watershed

Not permitted per Wisconsin code
Haul to another state for disposal
Off-site hauling poses risk and
significant cost

Corrosion potential of well
materials due to high chloride
content

D4 - Off-site disposal of
reduced-volume brine or solids

Off-site

Disposal of brine or solids at
industrial waste facility or landfill

N/A

N/A

N/A

Low

High

Eliminates chloride from watershed

Waste characterization would be
required to determine ultimate
landfill or disposal facility
requirements

Off-site hauling poses risk and
significant cost
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Figures 2-1 through 2-6

Chloride Mass Balance
Scenarios
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Figure 2-1
Chloride Mass Balance
Madison Metropolitan Sewerage District
Nine Springs Wastewater Treatment Plant
Current Average Day Load

40.486 MGD _  Effluent

7
420 mg/l Discharge

141,958 Ibs/day

0.150 MGD Biosolids to

0.051 MGD <
rd
Septage 470 mg/|
200 Ibs/day
\ 4
Collection 40.500 MGD _, 42.220 MGD Primary 41.572MGD_, Activated Sludge - 13872 MGD Secondary 40.486 MGD >{  Ultraviolet
Svst 414 mg/l Head Works 420 mg/l Clarifi 420 mg/| Biological P 420 mg/l Clarifi 420 mg/l Disinfecti
ystem 140,000 Ibs/day 148,036 Ibs/day aririers 145,764 Ibs/day lological Frocess 259,019 Ibs/day aririers 141,958 Ibs/day Isintection
A A I
| I x I
| 1 I 1
: ! m e — - 32300MGD_ _ _ _ _ %
| : 0.648 MGD 420 mgl
. 113,255 Ibs/day
W4 - Sodium ! I 420 mg/l
. 36 Ibs/day I I 2,272 Ibs/day| _ 1.086 MGD v
Hypochlorite I
| 1 420 mg/l
| : 3,806 Ibs/day
| I
I I v
| 1 .
W4 - Calcium I I Phosphorus >| GravityBelt |- — — — %94MCD_ _ _5 Struvite =, Strvite
. 70 Ibs/day 1 I . 420 mg/l Pellets
Hypochlorite | : Release Tanks Thickeners 3,346 Ibs/day Recovery
I 1 ! A
1 1 | |
I | 0.131 MGD I I
I I 420 mg/| [ I
I I 2 461 Ibs/day [ I
o I A\ I
Muriatic Acid ! . . .
2 Ibs/day I I Gravity 0.120 MGD A4 >|  Anaerobic 0.336 MGD >| Gravity Belt
I I Thick 420 mg/l Digest I A 709 mgll Thick
| : ickeners 421 Ibs/day igesters | " 1,989 Ibs/day ickeners
| 1 I N 1 1 1
I I I I I !
I | I 0.085 MGD I | |
I €m = — — 0.528MGD _ _ _ _ _ Y 1,000 mg/I I |<____0_.18_6____y
Sodium Chloride 72 lbs/day I 420 mg/l 706 Ibs/day I 946 mgl
1 1,851 Ibs/day : 1,471 Ibs/day
I
1.141 MGD
0 (L1 Yy
610 mg/l A
LEGEND 5,805 Ibs/day
o . X Magnesium . .
Liquid Stream Ferric Chloride . Ferric Chloride
! Chloride
Solids Stream
————— Recycle Stream 401 Ibs/day 988 Ibs/day 663 Ibs/day
Chemical Stream
Hauled Waste Hauled Waste

946 mg/| i Land Application

1,181 Ibs/day

10/15/2014



Figure 2-2
Chloride Mass Balance
Madison Metropolitan Sewerage District
Nine Springs Wastewater Treatment Plant
Current Average Flow with Maximum Day Chloride

0.051 MGD <
rd
Septage 470 mg/l
200 Ibs/day
\ 4
Collection 40500 MGD_5, 42.056 MGD S Primary 41.408 MGD o Activated Sludge - 73.581MGD Secondary 40.306 MGD S| Ultraviolet 40.306 MGD _ Effluent
Syst 502 mg/l Head Works 509 mg/l Clarifi 509 mg/l Biological P 509 mgl/l Clarifi 509 mg/l Disinfecti 509 mgl/l Discharge
ystem 169,400 Ibs/day 178,379 Ibs/day aririers 175,631 Ibs/day lological Frocess 312,091 Ibs/day aririers 170,958 Ibs/day Isintection 170,958 Ibs/day
A A !
| [ y.y |
1 I I |
| ! m e — - 32173MGD_ _ _ _ _ ¥
: : 0.648 MGD 509 mg/l
. 136,460 Ibs/day
W4 - Sodium ' I 509 mg/l
. 36 Ibs/day I I 2,748 Ibs/day) P 1.102 MGD \
Hypochlorite I <
: 1 509 mgl/l
: : 4,673 Ibs/day
! [
I I v
1 1 .
W4 - Calcium I I Phosphorus >| GravityBelt |- — — — 2874MGD_ _ _ 5 Struvite 2. Struvite
. 70 Ibs/day ] I . 509 mg/l Pellets
Hypochlorite : : Release Tanks Thickeners 3,707 Ibs/day Recovery
| 1 ! A
] 1 | |
I | 0.228 MGD I I
| I 509 mgll | |
| I v 966 Ibs/day | |
e A | \ 4 I
Muriatic Acid ! . . . iosoli
2 Ibs/day I : Gravity 0.264 MGD \ 2 > Anaerobic 0.577 MGD S| Gravity Belt 0330 MGD _ Biosolids t.o .
1 I Thick 509 mg/l Di t 1 A 724 mg/| Thick 961 mg/| Land Application
I | Ickeners 1,121 Ibs/day igesters I | 3,481 lbs/day ickeners 2,640 Ibs/day
| 1 1 | 1 |
I I I I I !
I | | 0.085 MGD| . : I
| Cmm—— - — = 0.384MGD _ _ _ _ _ v 1,000 mg/l | g 0247 v
Sodium Chloride 73 lbs/day I 509 mgl 706 lbs/day | 961 mg/l
1 1,627 Ibs/day : 1,979 Ibs/day
|
1.121 MGD
5 12 €15 y
745 mg/l A
LEGEND 6,972 Ibs/day
. . Magnesium . .
Liquid Stream Ferric Chloride & . Ferric Chloride
: Chloride
Solids Stream
————— Recycle Stream 688 Ibs/day 1,285 Ibs/day 1,139 Ibs/day

Chemical Stream

Hauled Waste Hauled Waste

A:COM 10/15/2014



Figure 2-3
Chloride Mass Balance
Madison Metropolitan Sewerage District
Nine Springs Wastewater Treatment Plant
Current Maximum Day Load

0.051 MGD <
rd
Septage 470 mg/l
200 Ibs/day
\ 4
Collection 56.700 MGD_ s, 58.249 MGD S Primary 57.601MGD Activated Sludge - 102.355 MGD_ Secondary 56.508 MGD S| Ultraviolet 56.508 MGD -, Effluent
Syst 358 mg/l Head Works 363 mg/l Clarifi 363 mg/l Biological P 363 mg/l Clarifi 363 mg/l Disinfecti 363 mg/l Discharge
ystem 169,400 Ibs/day 176,580 Ibs/day aririers 174,616 Ibs/day lological Frocess 310,287 Ibs/day aririers 171,303 Ibs/day Isintection 171,303 Ibs/day
A A !
| [ y.y |
1 I I |
| ! m e — - M4754MGD_ ¥
: : 0.648 MGD 363 mg/l
. 135,672 Ibs/day
W4 - Sodium ! I 363 mg/l
. 36 Ibs/day I I 1,964 Ibs/day P 1.093 MGD \
Hypochlorite I
: 1 363 mgll
: : 3,312 Ibs/day
! [
I I v
1 1 .
W4 - Calcium I I Phosphorus >| GravityBelt |- — — — 2887MGD_ _ _ 5 Struvite 2. Struvite
. 70 Ibs/day ] I . 363 mg/l Pellets
Hypochlorite : : Release Tanks Thickeners 2,629 Ibs/day Recovery
| 1 ! A
] 1 | |
I | 0.225 MGD I I
| I 363 mgll | |
| I v 683 Ibs/day | |
e A | \ 4 I
Muriatic Acid ! . . . iosoli
2 Ibs/day I : Gravity 0.264 MGD \ 2 > Anaerobic 0.574 MGD S| Gravity Belt 0327 MGD__, Biosolids t.o .
1 I Thick 363 mg/l Di t 1 A 600 mg/| Thick 837 mg/l Land Application
I | Ickeners 801 Ibs/day igesters I | 2,875 lbs/day ickeners 2,286 Ibs/day
| 1 1 | 1 |
I I I I I !
I | | 0.085 MGD| . : I
| Cmm—— - — = 0.384MGD _ _ _ _ _ v 1,000 mg/I | g 0247 v
Sodium Chloride 72 lbs/day I 363 mgll 706 lbs/day | 837 mgll
1 1,163 Ibs/day : 1,722 |bs/day
|
1.114 MGD
5 1 & £ €18 y
606 mg/l A
LEGEND 5,637 Ibs/day
. . Magnesium . .
Liquid Stream Ferric Chloride & K Ferric Chloride
: Chloride
Solids Stream
————— Recycle Stream 685 Ibs/day 1,285 Ibs/day 1,133 Ibs/day
Chemical Stream
Hauled Waste Hauled Waste

A:COM 10/15/2014



Figure 2-4
Chloride Mass Balance
Madison Metropolitan Sewerage District
Nine Springs Wastewater Treatment Plant
Year 2030 Average Day Load

0.054 MGD <
rd
Septage 1,310 mg/l
590 Ibs/day
\ 4
Collection 44550 MGD s, 46.301 MGD S Primary 45653 MGD s Activated Sludge - 81.125MGD Secondary 44.557 MGD S| Ultraviolet 44.557 MGD__ Effluent
Syst 456 mg/l Head Works 466 mg/l Clarifi 466 mg/l Biological P 466 mg/l Clarifi 466 mg/l Disinfecti 466 mg/l Discharge
ystem 169,400 Ibs/day 179,824 Ibs/day aririers 177,307 Ibs/day lological Frocess 315,070 Ibs/day aririers 173,050 Ibs/day Isintection 173,050 Ibs/day
A A !
| | y.y |
| | I |
: ! m e — - 3BATIMGD_ _ ¥
| : 0.648 MGD 466 mgl
. 137,763 Ibs/day
W4 - Sodium ! I 466 mg/l
. 36 Ibs/day I I 2,517 Ibs/day, P 1.096 MGD \
Hypochlorite I <
| 1 466 mg/l
| : 4,257 Ibs/day
I |
! I v
| 1 .
W4 - Calcium I I Phosphorus >| GravityBelt |- — — — 28BMCD_ _ _ 5 Struvite 2. Struvite
. 70 Ibs/day 1 | . 466 mg/l Pellets
Hypochlorite | : Release Tanks Thickeners 3,476 Ibs/day Recovery
I 1 ! A
1 1 | |
I : 0.201 MGD I I
I I 466 mg/l | |
I I v 781 Ibs/day | |
. I \ 4 I
Muriatic Acid ! . . . iosoli
2 Ibs/day I : Gravity 0.190 MGD )2 > Anaerobic 0.560 MGD S| Gravity Belt 0216 MGD 5 Biosolids t.o .
1 I Thick 466 mg/l Di t 1 A 770 mg/l Thick 1,007 mg/l Land Application
I : Ickeners 738 Ibs/day igesters I | 3,599 lbs/day ickeners 1,816 Ibs/day
| 1 1 | 1 |
I I I I I !
I : | 0.169 MGD| . : I
I € — = — — — 0458MGD _ _ _ _ _ v 1,000 mg/I | D 7 v
Sodium Chloride 73 Ibs/day I 466 mg/l 1,411 Ibs/day | 1,007 mg/l
1 1,779 Ibs/day : 2,890 Ibs/day
I
1.239 MGD
D 2 L y
762 mg/l A
LEGEND 7,875 Ibs/day
. . Magnesium . .
Liquid Stream Ferric Chloride & . Ferric Chloride
! Chloride
Solids Stream
————— Recycle Stream 669 Ibs/day 1,509 Ibs/day 1,106 Ibs/day
Chemical Stream
Hauled Waste Hauled Waste

A:COM 2/13/2015



Figure 2-5
Chloride Mass Balance
Madison Metropolitan Sewerage District
Nine Springs Wastewater Treatment Plant
Year 2030 Average Flow with Maximum Day Chloride

0.054 MGD <
rd
Septage 1,310 mg/l
590 Ibs/day
Collection 44550 MGD 5, 45.912 MGD S Primary 45.264 MGD o Activated Sludge - 80433 MGD Secondary 44.156 MGD Ultraviolet 44.156 MGD _y Effluent
Syst 552 mg/l Head Works 562 mg/l Clarifi 562 mg/l Biological P 562 mgl/| Clarifi 562 mg/l Disinfecti 562 mgl/| Discharge
ystem 204,974 Ibs/day 215,112 Ibs/day aririers 212,076 Ibs/day lological Frocess 376,853 Ibs/day aririers 206,883 Ibs/day Isintection 206,883 Ibs/day
A A !
| I y.y |
1 1 I 1
| ! m e — - 3A69MED_ _ _ ¥
: : 0.648 MGD 562 mg/l
. 164,777 Ibs/day
W4 - Sodium ' I 562 mg/l
. 36 Ibs/day I I 3,036 Ibs/day P 1.108 MGD \
Hypochlorite I <
: 1 562 mgll
: : 5,193 Ibs/day
| I
I I v
1 1 .
W4 - Calcium I I Phosphorus >| GravityBelt |- — — — &72*MGD_ _ _ 5 Struvite 2. Struvite
. 70 Ibs/day ] I . 562 mg/| Pellets
Hypochlorite : : Release Tanks Thickeners 3,532 Ibs/day Recovery
| 1 ! A
] 1 | |
I | 0.355 MGD I I
| I 562 mgll | |
| I v 1,661 Ibs/day | |
e A | \ 4 I
Muriatic Acid ! . . . iosoli
2 Ibs/day I : Gravity 0.428 MGD \ 2 > Anaerobic 0.952 MGD Gravity Belt 0617 MGD 5, Biosolids t.o .
1 I Thick 562 mg/l Di t 1 A 783 mg/l Thick 1,020 mg/I Land Application
I | Ickeners 2,005 Ibs/day igesters I | 6,214 lbs/day ickeners 5,250 Ibs/day
| 1 1 | 1 |
I I I I I !
I | | 0.169 MGD| . : I
| Cmm—— - — = 0.220MGD _ _ _ _ _ v 1,000 mg/I | D v
Sodium Chloride 73 lbs/day I 562 mgl 1,411 Ibs/day | 1,020 mg/l
! 1,031 Ibs/day : 2,843 Ibs/day
|
1.088 MGD
5 €15 y
918 mgl/l A
LEGEND 8,336 Ibs/day
. . Magnesium . .
Liquid Stream Ferric Chloride & . Ferric Chloride
: Chloride
Solids Stream
————— Recycle Stream 1,136 Ibs/day 1,961 Ibs/day 1,879 Ibs/day
Chemical Stream
Hauled Waste Hauled Waste

2/13/2015



Figure 2-6
Chloride Mass Balance
Madison Metropolitan Sewerage District
Nine Springs Wastewater Treatment Plant
Year 2030 Maximum Day Load

0.054 MGD <
rd
Septage 1,310 mg/l
590 Ibs/day
Collection 62.370MGD_ s, 63.729 MGD S Primary 63.081MGD Activated Sludge - 112.004 MGD Secondary 61.979 MGD Ultraviolet 61.979 MGD -, Effluent
Syst 394 mg/l Head Works 402 mgl/l Clarifi 402 mg/l Biological P 402 mg/l Clarifi 402 mg/l Disinfecti 402 mg/l Discharge
ystem 204,974 Ibs/day 213,436 Ibs/day aririers 211,266 Ibs/day lological Frocess 375,414 Ibs/day aririers 207,576 Ibs/day Isintection 207,576 Ibs/day
A A !
| I y.y |
1 1 I 1
| ! m e — - 49.012MGD_ _ _ _ _ ¥
: : 0.648 MGD 402 mg/l
. 164,148 Ibs/day
W4 - Sodium ' I 402 mg/l
. 36 Ibs/day I I 2,170 Ibs/day, P 1.102 MGD \
Hypochlorite I <
: 1 402 mg/l
: : 3,690 Ibs/day
| I
| 1 \4
1 1 .
W4 - Calcium I I Phosphorus >| GravityBelt |- — — — &720MGD_ _ _ 5 Struvite 2. Struvite
. 70 Ibs/day ] I . 402 mg/l Pellets
Hypochlorite : : Release Tanks Thickeners 2,511 Ibs/day Recovery
| 1 ! A
] 1 | |
I | 0.352 MGD I I
| I 402 mg/l | |
| I v 1,179 lbs/day | |
e A | \ 4 I
Muriatic Acid ! . . . iosoli
2 Ibs/day I : Gravity 0.428 MGD \ 2 > Anaerobic 0.949 MGD Gravity Belt 0614 MGD 5 Biosolids t.o .
1 I Thick 402 mgl/l Di t 1 A 651 mg/l Thick 888 mg/l Land Application
I | Ickeners 1,433 Ibs/day igesters I | 5,156 lbs/day ickeners 4,548 Ibs/day
| 1 1 | 1 |
I I I I I !
I | | 0.169 MGD| . : I
| Cmm—— - — = 0.220MGD _ _ _ _ _ v 1,000 mg/I | e 20388 v
Sodium Chloride 73 lbs/day I 402 mg/l 1,411 lbs/day | 888 mg/l
1 0,738 Ibs/day : 2,481 Ibs/day
|
1.085 MGD
5 0 1, 1€ 15 y
768 mgl/l A
LEGEND 6,954 Ibs/day
. . Magnesium . .
Liquid Stream Ferric Chloride & . Ferric Chloride
: Chloride
Solids Stream
————— Recycle Stream 1,133 Ibs/day 1,961 Ibs/day 1,874 Ibs/day
Chemical Stream
Hauled Waste Hauled Waste

2/13/2015
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Madison Metropolitan Sewerage District
Chloride Treatment Feasibility Study
Equipment List
NF or RO Well Head Softening (2.5 MGD) Alternative
February 3, 2015

Tag # Service Description Dimensions Capacity Materials of Construction HP
Softening System
T-201 NF/RO feed tank 15 minutes capacity at design flow 12-ft dia x 22-ft high 24,000 gallons (min) FRP /PP
T-202 NF/RO feed tank 15 minutes capacity at design flow 12-ft dia x 22-ft high 24,000 gallons (min) FRP /PP
P-301 NF/RO feed pump Horizontal centrifugal Part of Skid 1.15 MGD Carbon steel
P-302 NF/RO feed pump Horizontal centrifugal Part of Skid 1.15 MGD Carbon steel
PF-301 NF/RO pre-filter Cartridge style filter Part of Skid 1.15 MGD Stainless steel
PF-302 NF/RO pre-filter Cartridge style filter Part of Skid 1.15 MGD Stainless steel
NF/RO-301 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.15 MGD FRP / PVC / SS piping; CS skid
NF/RO-302 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.15 MGD FRP / PVC / SS piping; CS skid
NF/RO CIP
Acid feed system
Anti-scalant feed system
Sodium hydroxide feed system
Sodium hypochlorite feed system
Reservoir EXISTING Varies
Booster pumps EXISTING Varies

P:\60329238\400-Technical\Basis of Design\Basis of Design Tables (REV 2).xIsx
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Madison Metropolitan Sewerage District
Chloride Treatment Feasibility Study
Equipment List

NF or RO Centralized Softening System (50 MGD) Alternative

February 3, 2015

Tag # Service Description Dimensions Capacity Materials of Construction HP
Softening System

T-201 NF/RO feed tank 15 minutes capacity at design flon 67-ft x 52-ft x 20-ft SWD 510,000 gallons (min) Cast-in-place concrete
T-202 NF/RO feed tank 15 minutes capacity at design flow 67-ft x 52-ft x 20-ft SWD 510,000 gallons (min) Cast-in-place concrete
P-301 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-302 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-303 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-304 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-305 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-306 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-307 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-308 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-309 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-310 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-311 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-312 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-313 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-314 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-315 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-316 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-317 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-318 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-319 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-320 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-321 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-322 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-323 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-324 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-325 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-326 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-327 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-328 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-329 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-330 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-331 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-332 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-333 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
P-334 NF/RO feed pump Horizontal centrifuga Part of Skid 1.35 MGD Carbon steel
PF-301 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel
PF-302 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel
PF-303 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel
PF-304 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel
PF-305 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel
PF-306 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel
PF-307 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel
PF-308 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel
PF-309 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel
PF-310 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel
PF-311 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel
PF-312 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel
PF-313 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel

P:\60329238\400-Technical\Basis of Design\Basis of Design Tables (REV 2).xIsx

Page 1 of 3

2/13/2015




Madison Metropolitan Sewerage District
Chloride Treatment Feasibility Study

NF or RO Centralized Softening System (50 MGD) Alternative

Equipment List

February 3, 2015

Tag # Service Description Dimensions Capacity Materials of Construction HP

PF-314 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel

PF-315 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel

PF-316 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel

PF-317 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel

PF-318 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel

PF-319 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel

PF-320 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel

PF-321 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel

PF-322 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel

PF-323 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel

PF-324 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel

PF-325 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel

PF-326 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel

PF-327 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel

PF-328 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel

PF-329 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel

PF-330 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel

PF-331 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel

PF-332 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel

PF-333 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel

PF-334 NF/RO pre-filter Cartridge style filter Part of Skid 1.35 MGD Stainless steel
NF/RO-301 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-302 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-303 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-304 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-305 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-306 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-307 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-308 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-309 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-310 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-311 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-312 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-313 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-314 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-315 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-316 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-317 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-318 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-319 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-320 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-321 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-322 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-323 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-324 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-325 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-326 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-327 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-328 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-329 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-330 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
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Madison Metropolitan Sewerage District
Chloride Treatment Feasibility Study
Equipment List
NF or RO Centralized Softening System (50 MGD) Alternative
February 3, 2015

Tag # Service Description Dimensions Capacity Materials of Construction HP
NF/RO-331 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-332 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-333 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid
NF/RO-334 NF/RO membrane skid Spiral wound (average 15.3 gfd) 10-ft x 26-ft 1.35 MGD FRP / PVC / SS piping; CS skid

NF/RO CIP
Acid feed system
Anti-scalant feed system
Sodium hydroxide feed systerr
Sodium hypochlorite feed systerr

T-301 Clearwell 22.5 minutes capacity at design flown 102-ft x 102-ft x 20-ft SWD 800,000 gallons (min) Cast-in-place concrete

T-302 Clearwell 22.5 minutes capacity at design flown 102-ft x 102-ft x 20-ft SWD 800,000 gallons (min) Cast-in-place concrete

P-401 High Service Pumg Vertical turbine 5,800 gpm Carbon steel

P-402 High Service Pumg Vertical turbine 5,800 gpm Carbon steel

P-403 High Service Pumg Vertical turbine 5,800 gpm Carbon steel

P-404 High Service Pumg Vertical turbine 5,800 gpm Carbon steel

P-405 High Service Pumg Vertical turbine 5,800 gpm Carbon steel

P-406 High Service Pumg Vertical turbine 5,800 gpm Carbon steel

P-407 High Service Pumg Vertical turbine 5,800 gpm Carbon steel
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Madison Metropolitan Sewerage District
Chloride Treatment Feasibility Study
Equipment List
UF/RO Chloride Removal System Alternative
February 3, 2015

Tag # Service Description Dimensions Capacity Materials of Construction HP
Secondary Effluent Pumping
P-001 Secondary effluent transfer pump Dry pit submersible 3.0 MGD Carbon Steel
P-002 Secondary effluent transfer pump Dry pit submersible 3.0 MGD Carbon Steel
P-003 Secondary effluent transfer pump Dry pit submersible 3.0 MGD Carbon Steel
P-004 Secondary effluent transfer pump Dry pit submersible 3.0 MGD Carbon Steel
P-005 Secondary effluent transfer pump Dry pit submersible 3.0 MGD Carbon Steel
P-006 Secondary effluent transfer pump Dry pit submersible (Standby) 3.0 MGD Carbon Steel
Chloride removal
T-401 UF feed tank 30 minutes capacity at design flow 60-ft x 60-ft x 15-ft SWD 320,000 gallons (min) Cast-in-place concrete
T-402 UF feed tank 30 minutes capacity at design flow 60-ft x 60-ft x 15-ft SWD 320,000 gallons (min) Cast-in-place concrete
P-401 UF feed pump Horizontal centrifugal Part of Skid 1.3 MGD Carbon Steel
P-402 UF feed pump Horizontal centrifugal Part of Skid 1.3 MGD Carbon Steel
P-403 UF feed pump Horizontal centrifugal Part of Skid 1.3 MGD Carbon Steel
P-404 UF feed pump Horizontal centrifugal Part of Skid 1.3 MGD Carbon Steel
P-405 UF feed pump Horizontal centrifugal Part of Skid 1.3 MGD Carbon Steel
P-406 UF feed pump Horizontal centrifugal Part of Skid 1.3 MGD Carbon Steel
P-407 UF feed pump Horizontal centrifugal (Standby) Part of Skid 1.3 MGD Carbon Steel
P-408 UF feed pump Horizontal centrifugal Part of Skid 1.3 MGD Carbon Steel
P-409 UF feed pump Horizontal centrifugal Part of Skid 1.3 MGD Carbon Steel
P-410 UF feed pump Horizontal centrifugal Part of Skid 1.3 MGD Carbon Steel
P-411 UF feed pump Horizontal centrifugal Part of Skid 1.3 MGD Carbon Steel
P-412 UF feed pump Horizontal centrifugal Part of Skid 1.3 MGD Carbon Steel
P-413 UF feed pump Horizontal centrifugal Part of Skid 1.3 MGD Carbon Steel
P-414 UF feed pump Horizontal centrifugal (Standby) Part of Skid 1.3 MGD Carbon Steel
PF-401 UF pre-filter Cartridge style filter Part of Skid 1.3 MGD Stainless steel
PF-402 UF pre-filter Cartridge style filter Part of Skid 1.3 MGD Stainless steel
PF-403 UF pre-filter Cartridge style filter Part of Skid 1.3 MGD Stainless steel
PF-404 UF pre-filter Cartridge style filter Part of Skid 1.3 MGD Stainless steel
PF-405 UF pre-filter Cartridge style filter Part of Skid 1.3 MGD Stainless steel
PF-406 UF pre-filter Cartridge style filter Part of Skid 1.3 MGD Stainless steel
PF-407 UF pre-filter Cartridge style filter (Standby) Part of Skid 1.3 MGD Stainless steel
PF-408 UF pre-filter Cartridge style filter Part of Skid 1.3 MGD Stainless steel
PF-409 UF pre-filter Cartridge style filter Part of Skid 1.3 MGD Stainless steel
PF-410 UF pre-filter Cartridge style filter Part of Skid 1.3 MGD Stainless steel
PF-411 UF pre-filter Cartridge style filter Part of Skid 1.3 MGD Stainless steel
PF-412 UF pre-filter Cartridge style filter Part of Skid 1.3 MGD Stainless steel
PF-413 UF pre-filter Cartridge style filter Part of Skid 1.3 MGD Stainless steel
PF-414 UF pre-filter Cartridge style filter (Standby) Part of Skid 1.3 MGD Stainless steel
UF-401 UF membrane skid Hollow fiber (20 gfd) 12-ft x 21-ft x 14-ft H 1.3 MGD PVC / SS piping; CS skid
UF-402 UF membrane skid Hollow fiber (20 gfd) 12-ft x 21-ft x 14-ft H 1.3 MGD PVC / SS piping; CS skid
UF-403 UF membrane skid Hollow fiber (20 gfd) 12-ft x 21-ft x 14-ft H 1.3 MGD PVC / SS piping; CS skid
UF-404 UF membrane skid Hollow fiber (20 gfd) 12-ft x 21-ft x 14-ft H 1.3 MGD PVC / SS piping; CS skid
UF-405 UF membrane skid Hollow fiber (20 gfd) 12-ft x 21-ft x 14-ft H 1.3 MGD PVC / SS piping; CS skid
UF-406 UF membrane skid Hollow fiber (20 gfd) 12-ft x 21-ft x 14-ft H 1.3 MGD PVC / SS piping; CS skid
UF-407 UF membrane skid Cartridge style filter (20 gfd) (Standby) 12-ft x 21-ft x 14-ft H 1.3 MGD PVC / SS piping; CS skid
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Madison Metropolitan Sewerage District
Chloride Treatment Feasibility Study

UF/RO Chloride Removal System Alternative

Equipment List

February 3, 2015

Tag # Service Description Dimensions Capacity Materials of Construction HP
UF-408 UF membrane skid Hollow fiber (20 gfd) 12-ft x 21-ft x 14-ft H 1.3 MGD PVC / SS piping; CS skid
UF-409 UF membrane skid Hollow fiber (20 gfd) 12-ft x 21-ft x 14-ft H 1.3 MGD PVC / SS piping; CS skid
UF-410 UF membrane skid Hollow fiber (20 gfd) 12-ft x 21-ft x 14-ft H 1.3 MGD PVC / SS piping; CS skid
UF-411 UF membrane skid Hollow fiber (20 gfd) 12-ft x 21-ft x 14-ft H 1.3 MGD PVC / SS piping; CS skid
UF-412 UF membrane skid Hollow fiber (20 gfd) 12-ft x 21-ft x 14-ft H 1.3 MGD PVC / SS piping; CS skid
UF-413 UF membrane skid Hollow fiber (20 gfd) 12-ft x 21-ft x 14-ft H 1.3 MGD PVC / SS piping; CS skid
UF-414 UF membrane skid Cartridge style filter (20 gfd) (Standby) 12-ft x 21-ft x 14-ft H 1.3 MGD PVC / SS piping; CS skid
UF CIP - Train #1 20-ft x 60-ft x 21-ft H
UF CIP - Train #2 20-ft x 60-ft x 21-ft H
Ammonium Hydroxide Feed System
Sodium Hypochlorite Feed System
T-501 RO feed tank 30 minutes capacity at design flow 60-ft x 60-ft x 15-ft SWD 320,000 gallons (min) Cast-in-place concrete
T-502 RO feed tank 30 minutes capacity at design flow 60-ft x 60-ft x 15-ft SWD 320,000 gallons (min) Cast-in-place concrete
P-501 RO feed pump Horizontal centrifugal Part of Skid 3.0 MGD Carbon Steel
P-502 RO feed pump Horizontal centrifugal Part of Skid 3.0 MGD Carbon Steel
P-503 RO feed pump Horizontal centrifugal Part of Skid 3.0 MGD Carbon Steel
P-504 RO feed pump Horizontal centrifugal Part of Skid 3.0 MGD Carbon Steel
P-505 RO feed pump Horizontal centrifugal Part of Skid 3.0 MGD Carbon Steel
P-506 RO feed pump Horizontal centrifugal (Standby) Part of Skid 3.0 MGD Carbon Steel
PF-501 RO pre-filter Cartridge style filter Part of Skid 3.0 MGD Stainless steel
PF-502 RO pre-filter Cartridge style filter Part of Skid 3.0 MGD Stainless steel
PF-503 RO pre-filter Cartridge style filter Part of Skid 3.0 MGD Stainless steel
PF-504 RO pre-filter Cartridge style filter Part of Skid 3.0 MGD Stainless steel
PF-505 RO pre-filter Cartridge style filter Part of Skid 3.0 MGD Stainless steel
PF-506 RO pre-filter Cartridge style filter (Standby) Part of Skid 3.0 MGD Stainless steel
RO-501 RO membrane skid Spiral wound (11 gfd) 3.0 MGD FRP /PVC/SS
RO-502 RO membrane skid Spiral wound (11 gfd) 3.0 MGD FRP /PVC/SS
RO-503 RO membrane skid Spiral wound (11 gfd) 3.0 MGD FRP /PVC/SS
RO-504 RO membrane skid Spiral wound (11 gfd) 3.0 MGD FRP /PVC/SS
RO-505 RO membrane skid Spiral wound (11 gfd) 3.0 MGD FRP /PVC/SS
RO-506 RO membrane skid Spiral wound (Standby) 3.0 MGD FRP /PVC/SS
Acid feed system
Anti-scalant feed system
RO CIP system
pH adjustment - carbon dioxide feed system
pH adjustment - carbon dioxide feed system
Brine Minimization (BM1 - Microfiltration / reverse osmosis)
T-601 Recovery RO feed tank 30 minutes capacity at design flow 22-ft x 22-ft x 15-ft SWD 47,000 gallons (min) Cast-in-place concrete
T-602 Recovery RO feed tank 30 minutes capacity at design flow 22-ft x 22-ft x 15-ft SWD 47,000 gallons (min) Cast-in-place concrete
P-601 Recovery RO feed pump Horizontal centrifugal Part of Skid 0.45 MGD Stainless internals
P-602 Recovery RO feed pump Horizontal centrifugal Part of Skid 0.45 MGD Stainless internals
P-603 Recovery RO feed pump Horizontal centrifugal Part of Skid 0.45 MGD Stainless internals
P-604 Recovery RO feed pump Horizontal centrifugal Part of Skid 0.45 MGD Stainless internals
P-605 Recovery RO feed pump Horizontal centrifugal Part of Skid 0.45 MGD Stainless internals
P-606 Recovery RO feed pump Horizontal centrifugal (Standby) Part of Skid 0.45 MGD Stainless internals
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Madison Metropolitan Sewerage District
Chloride Treatment Feasibility Study
Equipment List

UF/RO Chloride Removal System Alternative

February 3, 2015

Tag # Service Description Dimensions Capacity Materials of Construction HP
PF-601 Recovery RO pre-filter Cartridge style filter Part of Skid 0.45 MGD Stainless steel
PF-602 Recovery RO pre-filter Cartridge style filter Part of Skid 0.45 MGD Stainless steel
PF-603 Recovery RO pre-filter Cartridge style filter Part of Skid 0.45 MGD Stainless steel
PF-604 Recovery RO pre-filter Cartridge style filter Part of Skid 0.45 MGD Stainless steel
PF-605 Recovery RO pre-filter Cartridge style filter Part of Skid 0.45 MGD Stainless steel
PF-606 Recovery RO pre-filter Cartridge style filter (Standby) Part of Skid 0.45 MGD Stainless steel
RO-601 Recovery RO membrane skid Spiral wound (7 to 10 gfd) 0.45 MGD FRP /PVC/SS
RO-602 Recovery RO membrane skid Spiral wound (7 to 10 gfd) 0.45 MGD FRP /PVC/SS
RO-603 Recovery RO membrane skid Spiral wound (7 to 10 gfd) 0.45 MGD FRP /PVC/SS
RO-604 Recovery RO membrane skid Spiral wound (7 to 10 gfd) 0.45 MGD FRP /PVC/SS
RO-605 Recovery RO membrane skid Spiral wound (7 to 10 gfd) 0.45 MGD FRP /PVC/SS
RO-606 Recovery RO membrane skid Spiral wound (7 to 10 gfd) (Standby) 0.45 MGD FRP /PVC/SS
Acid feed system
Anti-scalant feed system
Recovery RO CIP system
T-701 Brine waste holding tank - Primary 36 hour capacity at design flow 115-ft diam x 30-ft SWD 2,250,000 gallons (min) Epoxy coated steel
T-702 Brine waste holding tank - Primary 36 hour capacity at design flow 115-ft diam x 30-ft SWD 2,250,000 gallons (min) Epoxy coated steel
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Madison Metropolitan Sewerage District
Chloride Treatment Feasibility Study

EDR Chloride Removal System Alternative

Equipment List

February 3, 2015

Tag # Service Description Dimensions Capacity Materials of Construction HP
Secondary Effluent Pumping

P-001 Secondary effluent transfer pump Dry pit submersible 3.0 MGD Carbon Steel

P-002 Secondary effluent transfer pump Dry pit submersible 3.0 MGD Carbon Steel

P-003 Secondary effluent transfer pump Dry pit submersible 3.0 MGD Carbon Steel

P-004 Secondary effluent transfer pump Dry pit submersible 3.0 MGD Carbon Steel

P-005 Secondary effluent transfer pump Dry pit submersible 3.0 MGD Carbon Steel

P-006 Secondary effluent transfer pump Dry pit submersible (Standby) 3.0 MGD Carbon Steel

Chloride removal
Ammonium Hydroxide Feed Systerr
Sodium Hypochlorite Feed Systenm

T-401 EDR feed tank 30 minutes capacity at design flow 60-ft x 60-ft x 15-ft SWD 320,000 gallons (min) Cast-in-place concrete

T-402 EDR feed tank 30 minutes capacity at design flow 60-ft x 60-ft x 15-ft SWD 320,000 gallons (min) Cast-in-place concrete

P-401 EDR feed pump Horizontal centrifugal 1.5 MGD Carbon Steel

P-402 EDR feed pump Horizontal centrifugal 1.5 MGD Carbon Steel

P-403 EDR feed pump Horizontal centrifugal 1.5 MGD Carbon Steel

P-404 EDR feed pump Horizontal centrifugal 1.5 MGD Carbon Steel

P-405 EDR feed pump Horizontal centrifugal 1.5 MGD Carbon Steel

P-406 EDR feed pump Horizontal centrifugal (Standby) 1.5 MGD Carbon Steel

P-407 EDR feed pump Horizontal centrifugal 1.5 MGD Carbon Steel

P-408 EDR feed pump Horizontal centrifugal 1.5 MGD Carbon Steel

P-409 EDR feed pump Horizontal centrifugal 1.5 MGD Carbon Steel

P-410 EDR feed pump Horizontal centrifugal 1.5 MGD Carbon Steel

P-411 EDR feed pump Horizontal centrifugal 1.5 MGD Carbon Steel

P-412 EDR feed pump Horizontal centrifugal (Standby) 1.5 MGD Carbon Steel

PF-401 Pre-filters Cartridge style filter Part of Skid 1.5 MGD Stainless steel

PF-402 Pre-filters Cartridge style filter Part of Skid 1.5 MGD Stainless steel

PF-403 Pre-filters Cartridge style filter Part of Skid 1.5 MGD Stainless steel

PF-404 Pre-filters Cartridge style filter Part of Skid 1.5 MGD Stainless steel

PF-405 Pre-filters Cartridge style filter Part of Skid 1.5 MGD Stainless steel

PF-406 Pre-filters Cartridge style filter (Standby) Part of Skid 1.5 MGD Stainless steel

PF-407 Pre-filters Cartridge style filter Part of Skid 1.5 MGD Stainless steel

PF-408 Pre-filters Cartridge style filter Part of Skid 1.5 MGD Stainless steel

PF-409 Pre-filters Cartridge style filter Part of Skid 1.5 MGD Stainless steel

PF-410 Pre-filters Cartridge style filter Part of Skid 1.5 MGD Stainless steel

PF-411 Pre-filters Cartridge style filter Part of Skid 1.5 MGD Stainless steel

PF-412 Pre-filters Cartridge style filter (Standby) Part of Skid 1.5 MGD Stainless steel
EDR-401 EDR 2020-8L-3S 66-ft x 23-ft x 12-ft SWD 1.5 MGD PVC piping; carbon steel skid
EDR-402 EDR 2020-8L-3S 66-ft x 23-ft x 12-ft SWD 1.5 MGD PVC piping; carbon steel skid
EDR-403 EDR 2020-8L-3S 66-ft x 23-ft x 12-ft SWD 1.5 MGD PV/C piping; carbon steel skid
EDR-404 EDR 2020-8L-3S 66-ft x 23-ft x 12-ft SWD 1.5 MGD PVC piping; carbon steel skid
EDR-405 EDR 2020-8L-3S 66-ft x 23-ft x 12-ft SWD 1.5 MGD PVC piping; carbon steel skid
EDR-406 EDR 2020-8L-3S - (Standby) 66-ft x 23-ft x 12-ft SWD 1.5 MGD PVC piping; carbon steel skid
EDR-407 EDR 2020-8L-3S 66-ft x 23-ft x 12-ft SWD 1.5 MGD PVC piping; carbon steel skid
EDR-408 EDR 2020-8L-3S 66-ft x 23-ft x 12-ft SWD 1.5 MGD PVC piping; carbon steel skid
EDR-409 EDR 2020-8L-3S 66-ft x 23-ft x 12-ft SWD 1.5 MGD PVC piping; carbon steel skid
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Madison Metropolitan Sewerage District
Chloride Treatment Feasibility Study

Equipment List
EDR Chloride Removal System Alternative
February 3, 2015

Service

Tag # Description Dimensions Capacity Materials of Construction HP
EDR-410 EDR 2020-8L-3S 66-ft x 23-ft x 12-ft SWD 1.5 MGD PVC piping; carbon steel skid
EDR-411 EDR 2020-8L-3S 66-ft x 23-ft x 12-ft SWD 1.5 MGD PVC piping; carbon steel skid
EDR-412 EDR 2020-8L-3S - (Standby) 66-ft x 23-ft x 12-ft SWD 1.5 MGD PVC piping; carbon steel skid

Acid feed system
Anti-scalant feed system
EDR CIP system Train #1
EDR CIP system Train #2
pH adjustment - carbon dioxide feed system
pH adjustment - carbon dioxide feed system
T-701 Brine waste holding tank - Primary 36 hour capacity at design flow 115-ft diam x 30-ft SWD 2,250,000 gallons (min) Epoxy coated steel
T-702 Brine waste holding tank - Primary 36 hour capacity at design flow 115-ft diam x 30-ft SWD

2,250,000 gallons (min)

Epoxy coated steel
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Madison Metropolitan Sewerage District

Chloride Treatment Feasibility Study

Equipment List
Brine Concentrate Cold Lime Softening with Evaporation Alternative
February 3, 2015

Tag # Service Description Dimensions Capacity Materials of Construction HP
Brine Minimization (BM3 - Evaporator)
P-701 Cold lime softening feed pump Horizontal centrifugal 0.75 MGD Stainless steel
P-702 Cold lime softening feed pump Horizontal centrifugal 0.75 MGD Stainless steel
C-701 Solids contact clarifier internals Brine softening (loading 0.82 gpm/f[z) 30-ft diam x - 16 ft SWD 0.75 MGD Carbon steel (concrete tank)
C-702 Solids contact clarifier internals Brine softening (loading 0.82 gpm/ﬁz) 30-ft diam x - 16 ft SWD 0.75 MGD Carbon steel (concrete tank)
Lime chemical feed systems
T-711 Lime sludge holding tank 24 hours capacity at design flow 22-ft diam x - 19 ft SWD 53,000 gpd Carbon Steel
P-711 Lime sludge feed pump Progessive cavity 50 gpm Stainless/carbon Steel
P-712 Lime sludge feed pump Progessive cavity 50 gpm Stainless/carbon Steel
BFP-711 Belt filter press
BFP-712 Belt filter press
P-721 Evaporator feed pump Horizontal centrifugal 0.75 MGD Stainless steel
P-722 Evaporator feed pump Horizontal centrifugal 0.75 MGD Stainless steel
E-721 Brine waste evaporator Vapor recompression 90-ft x 55-ft x 85-ft high 0.75 MGD Titaneum / hastelloy / duplex
E-722 Brine waste evaporator Vapor recompression 90-ft x 55-ft x 85-ft high 0.75 MGD Titaneum / hastelloy / duplex
CT-721 Cooling tower 400 gpm @ 85 F suppy / 100 F return 12-ft x 12-ft x 14-ft high 250 ton
CT-722 Cooling tower 400 gpm @ 85 F suppy / 100 F return 12-ft x 12-ft x 14-ft high 250 ton
T-801 Brine waste holding tank - Secondary 36 hour capacity at design flow 36-ft diam x 30-ft SWD 225,000 gallons (min) Stainless steel
T-802 Brine waste holding tank - Secondary 36 hour capacity at design flow 36-ft diam x 30-ft SWD 225,000 gallons (min) Stainless steel
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Madison Metropolitan Sewerage District
Chloride Treatment Feasibility Study
Equipment List
Brine Concentrate Crystallization Alternative
February 3, 2015

Tag # Service Description Dimensions Capacity Materials of Construction HP
Brine Minimization (BM4 - Concentrator/crystallizer)
P-801 Crystallizer feed pump Horizontal centrifugal 0.075 MGD Stainless steel
P-802 Crystallizer feed pump Horizontal centrifugal 0.075 MGD Stainless steel
E-801 Brine waste crystallizer One Effect (3 Stage) MVR 75,000 GPD Titaneum / hastelloy / duplex
CT-801 Cooling tower 600 gpm @ 85 F suppy / 100 F return 375 ton
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Appendix B

Process Flow Diagrams

Chloride Compliance Study for NSWTP June 2015
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GENERAL NOTES

<> SIGNIFICANT MODIFICATIONS / ADDITIONS TO EXISTING
DISTRIBUTION SYSTEM WILL BE REQUIRED TO CONVEY WATER
FROM INDIVIDUAL WELL SITES TO CENTRALIZED TREATMENT
AND TO DISTRIBUTE FINISHED WATER FROM THE CENTRALIZED
LOCATION. ASSUMPTION RELATED TO THIS SCOPE WERE MADE
AND ALLOWANCES FOR CAPITAL COSTS WERE INCORFORATED
INTO THE COST ANALYSIS.

WATER SUPPLY WELLS (50+)

NF OR RO CENTRALIZED SOFTENING
SYSTEM (50 MGD) ALTERNATIVE

CHLORIDE EFFLUENT LIMIT COMPLIANCE OPTIONS
MADISON METROPOLITAN SEWAGE DISTRICT
NINE SPRINGS WASTEWATER TREATMENT PLANT

Project No.: 60329238 Date: FEB. 13, 2015
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Source Water Well Head Softening Treatment - 2.5 MGD Capacity Estimate/Rev Date: 1/23/2015
Rough Construction Cost Project No.: T 60329238
Client: Madison Metropolitan Sewerage District Sales Tax:
Project: Chloride Treatment Feasibility Study Building S.F..
Location: Madison , Wisconsin Site S.F.: Default Rate:
Equipment MAT/UNIT TOTAL TOTAL
or Pipe ID DESCRIPTION QTY UNIT SUB MAT./SUB. L&M/SUB SOURCE
General Conditions & Mobilization
All trades (10% of construction cost) 1 LS $286,872.43 $286,872 $286,872 |Estimate based on past construction experience
Civil/Site Work Trades
Erosion control 400 LF $7.50 $3,000 $3,000 |Estimate based on experience and preliminary takeoff
Fencing / security allowance 400 LF $30.00 $12,000 $12,000 |Estimate based on experience and preliminary takeoff
Softening building excavation 741 CYD $25.00 $18,519 $18,519 |Estimate based on experience and preliminary takeoff
Softening building foundation 181 CYD $750.00 $135,833 $135,833 |Estimate based on experience and preliminary takeoff
Yard piping - potable water modifications and sanitary sewer connection 1 L'S $50,000.00 $50,000 $50,000 Allowance based on past experience
Site electrical upgrade allowance 1 LS $50,000.00 $50,000 $50,000 JAll based on past
General site grading allowance 10,000 SF $1.00 $10,000 $10,000 |Estimate based on experience and preliminary takeoff
Gravel drive allowance 75 LF $60.00 $4,500 $4,500 |Estimate based on experience and preliminary takeoff
Buildings
Softening building 2,800 SF $100.00 $280,000 $280,000 |Estimate based on experience and preliminary takeoff
Equipment
T-201, T-202 Feed tank (24,000 gallon each) 2 EA $45,000.00 $90,000 $90,000 |Estimate based on past construction experience
P-301, P-302 Feed pumps (800 gpm each) 2 EA $40,000.00 $80,000 $80,000 |Estimate based on past construction experience
NF/RO-301, NF/RO-302 NF or RO softening systems (includes pump & pre-filter) (640 gpm permeate capacity) 2 EA $400,000.00 $800,000 $800,000 |Budget quote - Newterra
CIP system (included in NF or RO treatment system) 1 LS $0.00 $0 $0 |Budget quote - Newterra
Acid chemical feed system 1 LS $10,000.00 $10,000 $10,000 |Estimate based on past construction experience
Antiscalant chemical feed system 1 liS)] $10,000.00 $10,000 $10,000 |Estimate based on past construction experience
Misc. chemical feed systems 1 LS $20,000.00 $20,000 $20,000 |Estimate based on past construction experience
Process piping and valves allowance 1 L'S $50,000.00 $50,000 $50,000 |Estimate based on past construction experience
Freight allowance (5% of equipment cost) 1 LS $53,000.00 $53,000 $53,000 |Estimate based on past construction experience
Construction Trades
Mechanical allowance (50% of equipment costs) 1 LS $530,000.00 $530,000 $530,000 |Estimate based on past construction experience
Electrical allowance 1 LS $250,000.00 $250,000 $250,000 |Estimate based on past construction experience
Instrumentation & controls allowance (50% of electrical allowance cost) 1 LS $125,000.00 $125,000 $125,000 |Estimate based on past construction experience
Note:
Estimated Construction Cost $2,868,724
Taxes are excluded rEngineering Services 20%| $573,745
Costs estimated based on past construction experience and conceptual level budget quotes Contingency 25%| $717,181
Does not include any land procurement.
Total $4,159,650
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A:COM Source Water Centralized Softening Treatment - 50 MGD Capacity Estimate/Rev Date: 1/23/2015
Rough Construction Cost Project No.: T 60329238
Client: Madison Metropolitan Sewerage District Sales Tax:
Project: Chloride Treatment Feasibility Study Building S.F..
Location: Madison , Wisconsin Site S.F.: Default Rate:
Equipment MAT/UNIT TOTAL TOTAL
or Pipe ID DESCRIPTION QTY UNIT SUB MAT./SUB. L&M/SUB SOURCE
General Conditions & Mobilization
All trades (10% of construction cost) 1 LS $5,193,074.38 $5,193,074 $5,193,074 |Estimate based on past construction experience
Civil/Site Work Trades
Erosion control 1,860 LF $7.50 $13,950 $13,950 |Estimate based on experience and preliminary takeoff
Fencing / security allowance 1,860 LF $30.00 $55,800 $55,800 |Estimate based on experience and preliminary takeoff
Softening building excavation 13,222 CYD $25.00 $330,556 $330,556 |Estimate based on experience and preliminary takeoff
Softening building foundation 4,197 CYD $750.00 $3,147,500 $3,147,500 |Estimate based on experience and preliminary takeoff
Clearwell excavation 22,122 CYD $25.00 $553,056 $553,056 |Estimate based on experience and preliminary takeoff
Yard piping 1 LS $300,000.00 $300,000 $300,000 [Allowance based on past experience
Site electrical upgrade allowance 1 LS $500,000.00 $500,000 $500,000 [Allowance based on past experience
General site grading allowance 212,000 SF $1.00 $212,000 $212,000 |Estimate based on experience and preliminary takeoff
Paved drive allowance 26,500 SF $7.50 $198,750 $198,750 |Estimate based on experience and preliminary takeoff
Buildings
Softening building 66,000 SF $100.00 $6,600,000 $6,600,000 |Estimate based on experience and preliminary takeoff
Equipment
T-201, T-202 Feed tanks - concrete (2 @ 510,000 gallons each) 1,169 CYD $750.00 $877,000 $877,000 |Estimate based on experience and preliminary takeoff
P-301 to P-334 Feed pumps (900 gpm each) 34 EA $40,000.00 $1,360,000 $1,360,000 |Estimate based on past construction experience
NF/RO-301 to NF/RO-334 NF or RO softening systems (includes pump & pre-filter) (750 gpm permeate capacity) 34 EA $368,000.00 $12,512,000 $12,512,000 |Budget quote - Newterra.
CIP system (included in NF or RO treatment system) 1 LS $0.00 $0 $0 |Budget quote - Newterra
Acid chemical feed system 1 liS] $150,000.00 $150,000 $150,000 |Estimate based on past construction experience
Antiscalant chemical feed system 1 LS $120,000.00 $120,000 $120,000 |Estimate based on past construction experience
Chlorination system - Sodium hypochlorite 1 L'S $225,000.00 $225,000 $225,000 |Estimate based on past construction experience
T-401, T-402 Clearwell - concrete (2 @ 0.8 MG) 2,820 CYD $750.00 $2,115,208 $2,115,208 |Estimate based on experience and preliminary takeoff
P-401 to P-407 Finished water pumps (5,800 gpm each) 7 EA $200,000.00 $1,400,000 $1,400,000 |Estimate based on past construction experience
Process piping and valves allowance 1 LS $900,000.00 $900,000 $900,000 |Estimate based on past construction experience
Freight allowance (5% of equipment cost; excludes concrete tanks) 1 LS $833,350.00 $833,350 $833,350 |Estimate based on past construction experience
Construction Trades
Mechanical allowance (50% of equipment costs; excluding tanks) 1 LS $8,333,500.00 $8,333,500 $8,333,500 |Estimate Based on Past Construction Experience
Electrical allowance 1 LS $4,000,000.00 $4,000,000 $4,000,000 |Estimate Based on Means Data and Preliminary Takeoff
Instrumentation & controls allowance (50% of electrical allowance cost) 1 LS $2,000,000.00 $2,000,000 $2,000,000 |Estimate Based on Past Construction Experience
Note:
Piping to and from centralized treatment location is excluded. Estimated Construction Cost $51,930,744
Taxes are excluded. Engineering Services | 20%| $10,386,149
Costs estimated based on past construction experience and conceptual level budget quotes Contingency | 25%| $12,982,686
Does not include any land procurement.
Total $75,299,579
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NSWTP UF/RO Chloride Reduction - 15 MGD Estimate/Rev Date: 1/23/2015
Rough Construction Cost Project No.: T 60329238
Client: Madison Metropolitan Sewerage District Sales Tax:
Project: Chloride Treatment Feasibility Study Building S.F..
Location: Madison , Wisconsin Site S.F.: Default Rate:
Equipment MAT/UNIT TOTAL TOTAL
or Pipe ID DESCRIPTION QTY UNIT SUB MAT./SUB. L&M/SUB SOURCE
General Conditions & Mobilization
All trades (10% of construction cost) 1 LS $5,988,477.10 $5,988,477 $5,988,477 |Estimate based on past construction experience
Civil/Site Work Trades
Erosion control 2,300 LF $7.50 $17,250 $17,250 |Estimate based on experience and preliminary takeoff
Membrane building excavation 20,000 CYD $25.00 $500,000 $500,000 |Estimate based on experience and preliminary takeoff
Membrane building foundation 5,994 CYD $750.00 $4,495,833 $4,495,833 |Estimate based on experience and preliminary takeoff
Brine waste holding tank excavation - Primary 7,000 CYD $25.00 $175,000 $175,000 |Estimate based on experience and preliminary takeoff
Brine waste holding tank foundation - Primary 2,895 CYD $750.00 $2,171,250 $2,171,250 |Estimate based on experience and preliminary takeoff
Diversion structure excavation 1,037 CYD $25.00 $25,926 $25,926 |Estimate based on experience and preliminary takeoff
Diversion structure concrete 133 CYD $750.00 $100,000 $100,000 |Estimate based on experience and preliminary takeoff
Yard piping 1 LS $200,000.00 $200,000 $200,000 [Allowance based on past experience
Site electrical upgrade allowance 1 LS $0 $0
General site grading allowance 228,000 SF $1.00 $228,000 $228,000 |Estimate based on experience and preliminary takeoff
Paved drive allowance 33,000 SF $7.50 $247,500 $247,500 |Estimate based on experience and preliminary takeoff
Buildings
Membrane building 101,500 SF $100.00 $10,150,000 $10,150,000 |Estimate based on experience and preliminary takeoff
Equipment
P-001 to P-006 Secondary effluent pumps (3.0 MGD each) 6 EA $75,000.00 $450,000 $450,000 |Estimate based on past construction experience
T-401, T-402 UF feed tanks - concrete (2 @ 320,000 gallons each) 427 CYD $750.00 $320,000 $320,000 |Estimate based on experience and preliminary takeoff
P-401 to P-414 UF feed pumps (1.3 MGD each) 14 EA $40,000.00 $560,000 $560,000 |Estimate based on past construction experience
UF-401 to UF-414 UF pretreatment system (includes recirc. pump & pre-filter) (1.3 MGD capacity each) 14 EA $458,333.33 $6,416,667 $6,416,667 |Budget quote - Evoqua
UF CIP system (included in UF pretreatment system) 2 EA $0.00 $0 $0 |Budget quote - Evoqua
T-501, T-502 RO feed tanks - concrete (320,000 gallons each) 427 CYD $750.00 $320,000 $320,000 |Estimate based on experience and preliminary takeoff
RO-501 to RO-506 RO treatment system (includes pump and pre-filter) (3.0 MGD capacity each) 6 EA $1,979,500.00 $11,877,000 $11,877,000 |Budget quote - Evoqua
RO CIP system (included in RO treatment system) 1 LS $0.00 $0 $0 |Budget quote - Evoqua
T-601, T-602 Recovery RO feed tanks - Concrete (47,000 gallons each) 110 CYD $750.00 $82,500 $82,500 |Estimate based on experience and preliminary takeoff
RO-601 to RO-606 Recovery RO treatment system (includes pump & pre-filter) (0.45 MGD capacity each) 6 EA $256,000.00 $1,536,000 $1,536,000 |Budget quote - Evoqua
Recovery RO CIP system (included in RO treatment system) 1 LS $0.00 $0 $0 |Budget quote - Evoqua
Acid chemical feed systems (included in UF and RO packages) 1 LS $0.00 $0 $0 |Budget quote - Evoqua
Antiscalant chemical feed system (included in UF and RO packages) 1 LS $0.00 $0 $0 |Budget quote - Evoqua
Ammonium hydroxide chemical feed system (included in UF and RO packages) 1 LS $0.00 $0 $0 |Budget quote - Evoqua
Sodium hypochlorite chemical feed system (included in UF and RO packages) 1 LS $0.00 $0 $0 |Budget quote - Evoqua
Acid bulk storage systems 1 LS $75,000.00 $75,000 $75,000 |Estimate based on past construction experience
Antiscalant bulk storage systems 1 LS $40,000.00 $40,000 $40,000 |Estimate based on past construction experience
Ammonium hydroxide bulk storage systems 1 LS $75,000.00 $75,000 $75,000 |Estimate based on past construction experience
Sodium hypochlorite bulk storage system 1 LS $75,000.00 $75,000 $75,000 |Estimate based on past construction experience
Final pH adjustment allowance 1 LS $50,000.00 $50,000 $50,000 |Estimate based on past construction experience
T-701, T-702 Brine waste holding tanks (coated steel) - Primary 2.25 MG each 2 EA $424,384.50 $848,769 $848,769 |Budget quote - Tank Connection
Tank roof adder 2 EA $224,537.00 $449,074 $449,074 |Budget quote - Tank Connection
Process piping and valves allowance 1 LS $1,200,000.00 $1,200,000 $1,200,000 |Estimate based on past construction experience
Freight allowance (5% of equipment cost; excludes tanks) 1 LS $1,121,858.33 $1,121,858 $1,121,858 |Estimate based on past construction experience




Construction Trades
Mechanical allowance (25% of equipment costs; excluding tanks) 1 LS $5,588,666.67 $5,588,667 $5,588,667 |Estimate based on past construction experience
Electrical allowance 1 liS] $3,000,000.00 $3,000,000 $3,000,000 |Estimate based on past construction experience
Instrumentation & controls allowance (50% of electrical allowance cost) 1 LS $1,500,000.00 $1,500,000 $1,500,000 |Estimate based on past construction experience
Note:
Estimated Construction Cost $59,884,771
Taxes are excluded 'Engineering Services 20%| $11,976,954
Costs estimated based on past construction experience and conceptual level budget quotes Contingency 25%) $14,971,193
Does not include any land procurement.
Total $86,832,918




A=COM

NSWTP EDR Chloride Reduction - 15 MGD Estimate/Rev Date: 1/23/2015
|Rough Construction Cost Estimate Project No.: 60329238
Client: Madison Metropolitan Sewerage District Sales Tax:
Project: Chloride Treatment Feasibility Study Building S.F.:
Location: fadison , Wisconsin Site S.F.: Default Rate: |
Equipment MAT/UNIT TOTAL TOTAL
or Pipe ID DESCRIPTION QTY UNIT SUB MAT./SUB. L&M/SUB SOURCE
General Conditions & Mobilization
All trades (10% of construction cost) 1 LS $5,574,042.12 $5,574,042 $5,574,042 |Estimate based on past c¢
CivillSite Work Trades
Erosion control 2,050 CYD $7.50 $15,375 $15,375 |Estimate based on experience and preliminary takeoff
b building excavation 14,074 CYD $25.00 $351,852 $351,852 |Estimate based on and preliminary takeoff
building 4,341 CYD $750.00 $3,255,833 $3,255,833 |Estimate based on experience and preliminary takeoff
Brine waste holding tank - Primary 7,000 CYD $25.00 $175,000 $175,000 |Estimate based on and preliminary takeoff
Brine waste holding tank foundation - Primary 2,895 CYD $750.00 $2,171,250 $2,171,250 |Estimate based on experience and preliminary takeoff
Diversion structure excavation 1,037 CYD $25.00 $25,926 $25,926 |Estimate based on and preliminary takeoff
Diversion structure concrete 133 CYD $750.00 $100,000 $100,000 |Estimate based on experience and preliminary takeoff
Yard piping 1 LS $200,000.00 $200,000 $200,000 JAllowance based on past
Site electrical upgrade allowance 1 LS $0 $0
General site grading allowance 188,800 SF $1.00 $188,800 $188,800 |Estimate based on and preliminary takeoff
Paved drive allowance 30,000 SF $7.50 $225,000 $225,000 |Estimate based on experience and preliminary takeoff
Buildings
building 70,300 SF $100.00 $7,030,000 $7,030,000 |Estimate based on and preliminary takeoff
Equipment
P-001 to P-006 Secondary effluent pumps (3.0 MGD each) 6 EA $75,000.00 $450,000 $450,000 |Estimate based on past construction experience
T-401, T-402 EDR feed tanks - concrete (2 @ 320,000 gallons) 427 CYD $750.00 $320,000 $320,000 |Estimate based on and preliminary takeoff
P-401 to P-412 EDR feed pumps (1.5 MGD each) 12 EA $40,000.00 $480,000 $480,000 |Estimate based on past construction experience
EDR-401 to EDR-412 EDR treatment system (includes recirc. pump & pre-filter) (1.5 MGD capacity each) 12 EA $1,750,000.00 $21,000,000 $21,000,000 {Budget quote - GE
EDR CIP system 2 EA $50,000.00 $100,000 $100,000 |Estimate based on past construction experience
Acid chemical feed system w/ storage 1 LS $90,000.00 $90,000 $90,000 |Estimate based on past c¢ i
Antiscalant chemical feed system w/ storage 1 LS $65,000.00 $65,000 $65,000 |Estimate based on past construction experience
Ammonium hydroxide chemical feed system w/ storage 1 LS $90,000.00 $90,000 $90,000 |Estimate based on past c¢ i
Sodium hypochlorite chemical feed system w/ storage 1 LS $90,000.00 $90,000 $90,000 |Estimate based on past construction experience
Final pH allowance 1 LS $50,000.00 $50,000 $50,000 |Estimate based on past c¢ i
T-701, T-702 Brine waste holding tanks (coated steel) - Primary 2.25 MG each 2 EA $424,384.50 $848,769 $848,769 |Budget quote - Tank Connection
-Tank Roof Adder 2 EA $224,537.00 $449,074 $449,074 |Budget quote - Tank Connection
Process piping and valves allowance 1 LS $900,000.00 $900,000 $900,000 |Estimate based on past construction experience
Freight allowance (5% of cost; excludes tanks) 1 LS $1,165,750.00 $1,165,750 $1,165,750 |Estimate based on past c¢ i
Construction Trades
allowance (25% of costs; excluding tanks) 1 LS $5,828,750.00 $5,828,750 $5,828,750 |Estimate based on past c¢
Electrical allowance 1 LS $3,000,000.00 $3,000,000 $3,000,000 |Estimate based on past construction experience
& controls allowance (50% of electrical allowance cost) 1 LS $1,500,000.00 $1,500,000 $1,500,000 |Estimate based on past i
Note:
Estimated Construction Cost $55,740,421
Taxes are excluded Engineering Services | 20%| $11,148,084
Costs estimated based on past construction experience and conceptual level budget quotes [Contingency | 25%] $13,935,105
Does not include any land procurement.
Total $80,823,611




AECOM Brine Waste Evaporator - 1.5 MGD Estimate/Rev Date: 20912015
Rough Construction Cost Estimate Project No.: 60329238
Client: Madison Metropolitan Sewerage District Sales Tax:
Project: Chloride Treatment Feasibility Study Building S.F.:
Location: Madison , Wisconsin Site S.F.: Default Rate:
Equipment MAT/UNIT TOTAL TOTAL
or Pipe ID DESCRIPTION QTY UNIT SUB MAT./SUB. L&M/SUB SOURCE
General Conditions & ilization
All trades (10% of cost) 1 LS $5,786,101.99 $5,786,102 $5,786,102 |Estimate based on past
CivillSite Work Trades
Erosion control 1,800 LF $7.50 $13,500 $13,500 |Estimate based on experience and preliminary takeoff
Lime softening building excavation 1,556 CYD $25.00 $38,889 $38,889 |Estimate based on and preliminary takeoff
Lime softening building foundation 661 CYD $750.00 $496,111 $496,111 |Estimate based on experience and preliminary takeoff
Lime softening concrete tanks (2 @ 30' dia x 16' SWD) 241 CYD $750.00 $180,642 $180,642 |Estimate based on and preliminary takeoff
building excavz 4,500 CYD $25.00 $112,500 $112,500 |Estimate based on experience and preliminary takeoff
Evaporator building foundation 1,937 CYD $750.00 $1,453,056 $1,453,056 |Estimate based on and preliminary takeoff
Cooling tower excavation 239 CYD $25.00 $5,963 $5,963 |Estimate based on experience and preliminary takeoff
Cooling tower foundation 102 CYD $750.00 $76,500 $76,500 |Estimate based on and preliminary takeoff
Brine waste holding tank excavation - Secondary 1,111 CYD $25.00 $27,778 $27,778 |Estimate based on experience and preliminary takeoff
Brine waste holding tank foundation - Secondary 473 CYD $750.00 $355,000 $355,000 |Estimate based on and preliminary takeoff
Yard piping 1 LS $150,000.00 $150,000 $150,000 [Allowance based on past
Site electrical upgrade allowance 1 LS $0 $0
General site grading allowance 72,500 SF $1.00 $72,500 $72,500 |Estimate based on experience and preliminary takeoff
Paved drive allowance 20,000 SF $7.50 $150,000 $150,000 |Estimate based on and preliminary takeoff
Lime softening building 6,500 SF $125.00 $812,500 $812,500 |Estimate based on experience and preliminary takeoff
building 20,800 SF $125.00 $2,600,000 $2,600,000 |Estimate based on experience and preliminary takeoff
Equipment
P-701, P-702 Cold lime softening feed pumps (520 gpm each) 2 EA $45,000.00 $90,000 $90,000 |Estimate based on past
C-701, C-702 Lime softening clarifier 2 EA $400,000.00 $800,000 $800,000 |Budget quote - WesTech
Lime sludge chemical feed system allowance 1 LS $1,500,000.00 $1,500,000 $1,500,000 |Estimate based on past
T-711 Lime sludge holding tank 1 EA $100,000.00 $100,000 $100,000 |Estimate based on past
P-711, P-712 Lime sludge feed pumps (XXX gpm each) 2 EA $40,000.00 $80,000 $80,000 |Estimate based on past
BFP-711, BFP-712 Lime sludge belt fitler press 2 EA $200,000.00 $400,000 $400,000 |Estimate based on past
P-721, P-722 feed pumps (520 gpm each) 2 EA $45,000.00 $90,000 $90,000 |Estimate based on past
E-721, E-722 Evaporator system (0.75 MGD each) 2 EA $11,500,000.00 $23,000,000 $23,000,000 |Budget quote - GEA
Acid chemical feed system w/ storage 1 LS $100,000.00 $100,000 $100,000 |Estimate based on past
Sodium hydroxide chemical feed system w/ storage 1 LS $200,000.00 $200,000 $200,000 |Estimate based on past
Antiscalant feed system w/ storage 1 LS $50,000.00 $50,000 $50,000 |Estimate based on past
CT-721, CT-722 Cooling tower system (400 gpm 85F supply/100F return) 250 Ton 2 EA $20,000.00 $40,000 $40,000 |Estimate
T-801, T-802 Brine waste holding tanks (stainless steel) - Secondary 0.225 MG each 2 EA $191,405.00 $382,810 $382,810 |Budget quote - Tank Connection
-Tank Roof Adder 2 EA $46,587.00 $93,174 $93,174 |Budget quote - Tank Connection
Process piping and valves allowance 1 LS $3,500,000.00 $3,500,000 $3,500,000 |Estimate based on past i
Freight allowance (5% of equipment cost; excludes tanks which include shipping) 1 LS $1,497,500.00 $1,497,500 $1,497,500 |Estimate based on past
Construction Trades
allowance (25% of equipment costs; excluding tanks) 1 LS $7,606,496.00 $7,606,496 $7,606,496 |Estimate based on past
Electrical allowance 1 LS $4,000,000.00 $4,000,000 $4,000,000 |Estimate based on past
& controls allowance (50% of electrical allowance cost) 1 LS $2,000,000.00 $2,000,000 $2,000,000 |Estimate based on past
Note:
Estimated Construction Cost $57,861,020
Taxes are excluded [Engi Services I 20%] $11572,004
Costs estimated based on past construction experience and conceptual level budget quotes C | 25%| $14,465,255
Does not include any land procurement.
Total $83,898,479




A=COM

Brine Waste Crystallizer - 0.15 MGD Estimate/Rev Date: 2/9/2015
Rough Construction Cost Project No.: T 60329238
Client: Madison Metropolitan Sewerage District Sales Tax:
Project: Chloride Treatment Feasibility Study Building S.F..
Location: Madison , Wisconsin Site S.F.: Default Rate:
Equipment MAT/UNIT TOTAL TOTAL
or Pipe ID DESCRIPTION QTY UNIT SUB MAT./SUB. L&M/SUB SOURCE
General Conditions & Mobilization
All trades (10% of construction cost) 1 LS $1,569,088.31 $1,569,088 $1,569,088 |Estimate based on past construction experience
Civil/Site Work Trades
Erosion control 700 LF $7.50 $5,250 $5,250 |Estimate based on experience and preliminary takeoff
Crystallizer building excavation 1,204 CYD $25.00 $30,093 $30,093 |Estimate based on experience and preliminary takeoff
Crystallizer building foundation 536 CYD $750.00 $401,875 $401,875 |Estimate based on experience and preliminary takeoff
Cooling tower excavation 179 CYD $25.00 $4,472 $4,472 |Estimate based on experience and preliminary takeoff
Cooling tower foundation 77 CYD $750.00 $57,375 $57,375 |Estimate based on experience and preliminary takeoff
Yard piping 1 LS $75,000.00 $75,000 $75,000 JAllowance based on past experience
Site electrical upgrade allowance 1 LS $0 $0
General site grading allowance 30,000 SF $1.00 $30,000 $30,000 |Estimate based on experience and preliminary takeoff
Paved drive allowance 9,264 SF $7.50 $69,480 $69,480 |Estimate based on experience and preliminary takeoff
Buildings
Crystallizer building 4,950 SF $125.00 $618,750 $618,750 |Estimate based on experience and preliminary takeoff
Equipment
P-801, P-802 Crystallizer feed pumps (0.075 MGD each) 2 EA $30,000.00 $60,000 $60,000 |Estimate based on past construction experience
E-801 Crystallizer system (0.075 MGD) 1 EA $8,000,000.00 $8,000,000 $8,000,000 |Budget quote - GEA
Acid chemical feed system 1 LS $50,000.00 $50,000 $50,000 |Estimate based on past construction experience
Sodium hydroxide chemical feed system 1 LS $50,000.00 $50,000 $50,000 |Estimate based on past construction experience
Antiscalant feed system 1 liS] $25,000.00 $25,000 $25,000 |Estimate based on past construction experience
CT-801 Cooling tower system (600 gpm 85F supply/100F return) 375 Ton 1 EA $30,000.00 $30,000 $30,000 |Estimate
Process piping and valves allowance 1 L'S $500,000.00 $500,000 $500,000 |Estimate based on past construction experience
Freight allowance (5% of equipment cost; excludes tanks which include shipping) 1 LS $435,750.00 $435,750 $435,750 |Estimate based on past construction experience
Construction Trades
Mechanical allowance (25% of equipment costs; excluding tanks) 1 LS $2,178,750.00 $2,178,750 $2,178,750 |Estimate based on past construction experience
Electrical allowance 1 LS $1,000,000.00 $1,000,000 $1,000,000 |Estimate based on past construction experience
Instrumentation & controls allowance (50% of electrical allowance cost) 1 LS $500,000.00 $500,000 $500,000 |Estimate based on past construction experience
Note:
Estimated Construction Cost $15,690,883
Taxes are excluded. [Engineering Services [ 20%) $3,138,177
Costs estimated based on past construction experience and conceptual level budget quotes Contingency | 25%| $3,922,721
Does not include any land procurement.
Total $22,751,781




Madison Metropolitan Sewerage District
Source Water NF or RO Softening at Wellhead (per well site - 2.5 MGD capacity operating at 1.5 MGD)
Annual O&M Cost Projection

Electrical Cost Current Conditions
Assumed  Duration

Equipment Size (hrs.) KW KW* HR
P-001 NF or RO feed pump 20.0 HP 12.0 14.91 178.97
P-002 NF or RO feed pump 20.0 HP 12.0 14.91 178.97
P-003 NF or RO system skid (2 Total Units) 366.6 HP 12.0 273.37 3,280.48
Misc. power requirements 24.0 10.00 240.00
3,878.42
$0.09 per KW*HR $349.06

365 days $ 127,406 Annual Subtotal

Sewer Disposal
MGD MGY $/MG
Reject and CIP waste to sanitary sewer 0.272 99.28 $625 S 62,050 Annual Subtotal

Chemical Allowance
Antiscalants S 74,016
Sodium bisulfite S 12,336
cIp $ 14,400
$ 100,752 Annual Subtotal

Labor Allowance
Assume 20 hours per week at $47.38/hour S 49,275 Annual Subtotal

[$ 339,483 Annual Operations Total |

Maintenance Allowance

Mechanical and electrical capital costs $ 1,435,000
Assume 5% of mechanical and electrical capital cost S 71,750 Annual Replacement Total
Membrane / Filter replacement (see separate calculation’

Filter bag changeout S 3,744

NF or RO membranes S 78,400

S 82,144 Annual Membrane Total

[$ 153,894 Annual Maintenance Total |

|$ 493,377 Annual Total O&M |




Madison Metropolitan Sewerage District
Source Water NF or RO Centralized Softening (50 MGD capacity)
Annual O&M Cost Projection

Electrical Cost

Current Conditions
Assumed Duration

Equipment Size (hrs.) KW KW* HR
NF/RO feed pump (34 units) 680.0 HP 13.5 507.08 6,863.78
NF/RO system Skid (34 Total Units) 6232.2 HP 13.5 4647.35 62,906.55
Finished water pumps 3400.0 HP 13.5 2535.38 34,318.90
Misc. power requirements 24.0 200.00 4,800.00
108,889.23
$0.09 per KW*HR $9,800.03
365 days $ 3,577,011 Annual Subtotal
Sewer Disposal
MGD MGY $/MG
Reject and CIP waste to sanitary sewer 5.10702 1864 $625 $ 1,165,039 Annual Subtotal
Chemical Allowance
Antiscalants $ 1,391,500
Sodium Hypochlorite S 212,606
Sodium bisulfite S 231,917
clp $ 244,800
$ 2,080,823 Annual Subtotal
Labor Allowance
Assume 240 hours per week at $47.38/hour 3 591,302 Annual Subtotal
[ $ 7,414,176 Annual Operations Total |

Maintenance Allowance
Mechanical and electrical capital costs
Assume 5% of mechanical and electrical capital cost

Membrane / Filter replacement (see separate calculation’
Filter bag changeout
NF or RO membranes

$ 25,659,208

$

$
$
$

1,282,960

63,648

1,332,800

1,396,448

Annual Replacement Total

Annual Membrane Total

B

2,679,408

Annual Maintenance Total |

| 6 10,093,584

Annual Total O&M |




Madison Metropolitan Sewerage District
NSWTP UF/RO Chloride Reduction
Annual O&M Cost Projection

Current Conditions Assumed 2030 Conditions Full capacity
Electrical Cost (average 2.6 MGD) (Average 7.3 MGD) (15 MGD)
Assumed Duration Duration Duration
Equipment Size (hrs.) KW KW* HR (hrs.) KW KW* HR (hrs.) KW KW* HR
P-001  Secondary effluent transfer pump #1 75.0 HP 4.2 55.93 232.66 11.7 55.93 653.23 24.0 55.93 1,342.26
P-002  Secondary effluent transfer pump #2 75.0 HP 4.2 55.93 232.66 11.7 55.93 653.23 24.0 55.93 1,342.26
P-003  Secondary effluent transfer pump #3 75.0 HP 4.2 55.93 232.66 11.7 55.93 653.23 24.0 55.93 1,342.26
P-004  Secondary effluent transfer pump #4 75.0 HP 4.2 55.93 232.66 11.7 55.93 653.23 24.0 55.93 1,342.26
P-005  Secondary effluent transfer pump #5 75.0 HP 4.2 55.93 232.66 11.7 55.93 653.23 24.0 55.93 1,342.26
P-006  Secondary effluent transfer pump #6 (standby) 75.0 HP 0.0 55.93 0.00 0.0 55.93 0.00 0.0 55.93 0.00
UF feed pumps 4.2 247.85 1,040.97 11.7 247.85 2,894.90 24.0 247.85 5,948.42
UF backflush pumps 4.2 13.98 58.74 11.7 13.98 163.34 24.0 13.98 335.63
UF CIP pumps 4.2 5.01 21.05 11.7 5.01 58.54 24.0 5.01 120.29
UF membrane air scour blowers 4.2 20.81 87.42 11.7 20.81 243.10 24.0 20.81 499.52
UF CIP tank heater 4.2 5.13 21.56 11.7 5.13 59.97 24.0 5.13 123.22
RO System 4.2 775.00 3,255.00 11.7 775.00 9,052.00 24.0 775.00 18,600.00
RO Recovery System 4.2 649.69 2,728.69 11.7 649.69 7,588.35 24.0 649.69 15,592.50
8,376.72 23,326.36 47,930.88
$0.09 per KW*HR $753.90 $2,099.37 $4,313.78
365 days $ 275,175 Annual Subtotal S 766,271 Annual Subtotal $ 1,574,529 Annual Subtotal
Chemical Allowance
UF - Sodium Hypochlorite S 2,338 S 6,563 S 13,486
UF -Citric Acid S 5,129 S 14,400 S 29,588
RO - Sodium Hypochlorite S 5,500 S 15,441 S 31,729
RO - Ammonium Hydroxide S 2,282 S 6,407 S 13,166
RO - Antiscalants S 46,501 S 130,561 S 268,275
RO - Sulfuric Acid S 70,138 S 196,926 S 404,642
RO - CIP Chemicals S 23,725 S 66,613 S 136,875
Recovery RO - Antiscalants S 16,940 S 47,561 S 97,729
Recovery RO - Sulfuric Acid S 288,471 S 809,937 S 1,664,255
Recovery RO - CIP Chemicals S 7,402 S 20,783 S 42,705
pH Adjustment Allowance S 17,333 S 48,667 S 100,000
$ 485,758 Annual Subtotal $ 1,363,859 Annual Subtotal $ 2,802,449 Annual Subtotal
Labor Allowance
Assume 320 hours per week at $47.38/hour S 788,403 Annual Subtotal S 788,403 Annual Subtotal S 788,403 Annual Subtotal
| $ 1,549,336 Annual Operations Total | | $ 2,918,533 Annual Operations Total | $ 5,165,382 Annual Operations Total
Maintenance Allowance
Mechanical and electrical capital costs $ 28,102,510 S 28,102,510 S 28,102,510
Assume 5% of mechanical and electrical capital cost $ 1,405,125 Annual Replacement Total $ 1,405,125 Annual Replacement Total $ 1,405,125 Annual Replacement Total
Membrane replacement (see separate calculation)
UF membrane S 518,571 S 518,571 S 518,571
RO membrane S 688,800 S 688,800 S 688,800
Recovery RO membrane S 64,800 S 64,800 S 64,800
$ 1,272,171 Annual Membrane Total $ 1,272,171 Annual Membrane Total $ 1,272,171 Annual Membrane Total
| $ 2,677,297 Annual Maintenance Total | | $ 2,677,297 Annual Maintenance Total | $ 2,677,297 Annual Maintenance Total
|'$ 4,226,633 Annual Total O&M | |'$ 5,595,830 Annual Total O&M |'$ 7,842,679 Annual Total O&M
Waste Disposal
Assume 10% reject (0.26 MGD, 0.73 MGD and 1.5 MGD)
Disposal @ $ .16 per gallon $ 15,302,625 Annual Subtotal $ 42,965,063 Annual Subtotal $ 88,284,375 Annual Subtotal
Transportation @ S .33 per gallon $ 31,416,314 Annual Subtotal $ 88,207,343 Annual Subtotal $ 181,247,965 Annual Subtotal
| $ 46,718,939 Annual Total Disposal | | $ 131,172,406 Annual Total Disposal | $ 269,532,340 Annual Total Disposal
S 4.5 /1000 gallons S 2.1 S 1.4
$ 50,945,572 Annual Total O&M and Disposal $ 136,768,235 Annual Total O&M and Disposal $ 277,375,019 Annual Total O&M and Disposal



Electrical Cost

Current Conditions
(average 2.6 MGD)

Assumed Duration Duration
Equipment Size (hrs.) KW KW* HR (hrs.) KW KW* HR
P-001  Secondary effluent transfer pump #1 75.0 HP 4.2 55.93 232.66 11.7 55.93 653.23
P-002  Secondary effluent transfer pump #2 75.0 HP 4.2 55.93 232.66 11.7 55.93 653.23
P-003  Secondary effluent transfer pump #3 75.0 HP 4.2 55.93 232.66 11.7 55.93 653.23
P-004  Secondary effluent transfer pump #4 75.0 HP 4.2 55.93 232.66 11.7 55.93 653.23
P-005  Secondary effluent transfer pump #5 75.0 HP 4.2 55.93 232.66 11.7 55.93 653.23
P-006  Secondary effluent transfer pump #6 (standby) 75.0 HP 0.0 55.93 0.00 0.0 55.93 0.00
EDR pumping systems 4.2 906.25 3,806.25 11.7 906.25 10,585.00
EDR direct current 4.2 244.69 1,027.69 11.7 244.69 2,857.95
5,997.23 16,709.12
$0.09 per KW*HR $539.75 $1,503.82
365 days $ 197,009 Annual Subtotal S 548,894
Chemical Allowance
Sodium Hypochlorite S 5,500 S 15,441
Ammonium Hydroxide S 2,282 S 6,407
Antiscalants S 46,501 S 130,561
Sulfuric Acid S 22,662 S 63,628
CIP Chemicals S 23,725 S 66,613
pH Adjustment Allowance S 17,333 S 48,667
$ 118,003 Annual Subtotal S 331,316
Labor Allowance
Assume 320 hours per week at $47.38/hour $ 788,403 Annual Subtotal S 788,403
[$ 1,103,415 Annual Operations Total | [$ 1,668,614
Maintenance Allowance
Mechanical and electrical capital costs $ 29,062,843 S 29,062,843
Assume 5% of mechanical and electrical capital cost $ 1,453,142 Annual Replacement Total $ 1,453,142
Membrane replacement (see separate calculation)
Anion/cation membranes $ 1,036,800 $ 1,036,800
$ 1,036,800 Annual Membrane Total $ 1,036,800
['$ 2,489,942 Annual Maintenance Total | [$ 2,489,942
|'$ 3,593,357 Annual Total O&M | I's 4,158,556
Waste Disposal
Assume 10% reject (0.26 MGD, 0.73 MGD and 1.5 MGD)
Disposal @ $ .16 per gallon $ 15,302,625 Annual Subtotal S 42,965,063
Transportation @ $ .33 per gallon $ 31,416,314 Annual Subtotal $ 88,207,343
| $ 46,718,939 Annual Total Disposal | | $ 131,172,406
S 3.8 /1000 gallons S 1.6
$ 50,312,296 Annual Total O&M and Disposal $ 135,330,962

Madison Metropolitan Sewerage District
NSWTP EDR Chloride Reduction
Annual O&M Cost Projection

Assumed 2030 Conditions
(Average 7.3 MGD)

Annual Subtotal

Annual Subtotal

Annual Subtotal

Annual Operations Total |

Annual Replacement Total

Annual Membrane Total

Annual Maintenance Total |

Annual Total O&M |

Annual Subtotal
Annual Subtotal

Annual Total Disposal |

Annual Total O&M and Disposal

Full capacity
(15 MGD)
Duration

(hrs.) KW KW* HR
24.0 55.93 1,342.26
24.0 55.93 1,342.26
24.0 55.93 1,342.26
24.0 55.93 1,342.26
24.0 55.93 1,342.26
0.0 55.93 0.00
24.0 906.25 21,750.00
24.0 244.69 5,872.50
34,333.80
$3,090.04

$ 1,127,865

$ 31,729
$ 13,166
$ 268,275
$ 130,743
$ 136,875
$ 100,000
$ 680,787

$ 788,403

Annual Subtotal

Annual Subtotal

Annual Subtotal

[$ 2,597,056

Annual Operations Total

$ 29,062,843
$ 1,453,142

$ 1,036,800

$ 1,036,800

Annual Replacement Total

Annual Membrane Total

[$ 2,489,942

Annual Maintenance Total

s 5,086,998

Annual Total O&M

$ 88,284,375
$ 181,247,965

Annual Subtotal
Annual Subtotal

| $ 269,532,340

Annual Total Disposal

$ 0.9

$ 274,619,338

Annual Total O&M and Disposal



Madison Metropolitan Sewerage District
Brine Waste Evaporator
Annual O&M Cost Projection

Current Conditions Assumed 2030 Conditions Full capacity
Electrical Cost (average 2.6 MGD) (Average 7.3 MGD) (15 MGD)
Assumed Duration Duration Duration
Equipment Size (hrs.) KW KW* HR (hrs.) KW KW* HR (hrs.) KW KW* HR
P-701 Evaporator feed pump #1 25.0 HP 4.2 18.64 77.55 11.7 18.64 217.74 24.0 18.64 447.42
P-702  Evaporator feed pump #2 25.0 HP 4.2 18.64 77.55 11.7 18.64 217.74 24.0 18.64 447.42
P-703 Evaporator feed pump #3 25.0 HP 0.0 18.64 0.00 0.0 18.64 0.00 0.0 18.64 0.00
E-701  Evaporator #1 4.2 4,750.00 19,760.00 11.7 4,750.00 55,480.00 24.0 4,750.00 114,000.00
E-702 Evaporator #2 4.2 4,750.00 19,760.00 11.7 4,750.00 55,480.00 24.0 4,750.00 114,000.00
Misc power requirements transfer and cooling 500.0 HP 4.2 372.85 1,551.06 11.7 372.85 4,354.89 24.0 372.85 8,948.40
41,226.16 115,750.38 237,843.24
$0.09 per KW*HR $3,710.35 $10,417.53 $21,405.89
365 days $ 1,354,279 Annual Subtotal S 3,802,400 Annual Subtotal S 7,813,150 Annual Subtotal
Steam Cost
5,500 pounds per hour per unit at design capacity @ $ 0.005 per pound $ 83,512 Annual Subtotal S 234,476 Annual Subtotal S 481,800 Annual Subtotal
Chemical Allowance
Chemical Allowance S 17,333 S 48,667 S 100,000
Lime softening operating allowance (2 $/kgal) S 520,000 $ 1,460,000 $ 3,000,000
S 537,333 Annual Subtotal S 1,508,667 Annual Subtotal S 3,100,000 Annual Subtotal
Labor Allowance
Assume 80 hours per week at $47.38/hour S 197,101 Annual Subtotal S 197,101 Annual Subtotal S 197,101 Annual Subtotal
| $ 2,172,226 Annual Operations Total | S 5,742,643 Annual Operations Total | $ 11,592,051 Annual Operations Total
Maintenance Allowance
Mechanical and electrical capital costs $ 36,335,984 S 36,335,984 S 36,335,984
Assume 5% of mechanical and electrical capital cost $ 1,816,799 Annual Replacement Total S 1,816,799 Annual Replacement Total S 1,816,799 Annual Replacement Total
| $ 1,816,799 Annual Maintenance Total | | S 1,816,799 Annual Maintenance Total | | S 1,816,799 Annual Maintenance Total
I's 3,989,025 Annual Total 0O&M | I's 7,559,443 Annual Total 0&M | |'s 13,408,850 Annual Total O&M
Waste Disposal
Assume 10% reject (0.026 MGD, 0.073 MGD and 0.15 MGD)
Disposal @ $ .16 per gallon $ 1,530,263 Annual Subtotal $ 4,296,506 Annual Subtotal $ 8,828,438 Annual Subtotal
Transportation @ $ .33 per gallon $ 3,141,631 Annual Subtotal S 8,820,734 Annual Subtotal $ 18,124,797 Annual Subtotal
| $ 4,671,894 Annual Total Disposal | | $ 13,117,241 Annual Total Disposal | | $ 26,953,234 Annual Total Disposal
Annual disposal savings over base 90% recovery S 42,047,045 $ 118,055,165 S 242,579,106

Net annual savings with evaporation $ 38,058,020 $ 110,495,722 $ 229,170,256



Madison Metropolitan Sewerage District
Brine Waste Crystallizer
Annual O&M Cost Projection

Current Conditions Assumed 2030 Conditions Full capacity
Electrical Cost (average 2.6 MGD) (Average 7.3 MGD) (15 MGD)
Assumed Duration Duration Duration
Equipment Size (hrs.) KW KW* HR (hrs.) KW KW* HR (hrs.) KW KW* HR
P-801 Crystallizer feed pump #1 5.0 HP 4.2 3.73 15.51 11.7 3.73 43.55 24.0 3.73 89.48
P-802  Crystallizer feed pump #1 5.0 HP 0.0 3.73 0.00 0.0 3.73 0.00 0.0 3.73 0.00
E-801  Crystallizer #1
Turbofans 4.2 1,250.00 5,200.00 11.7 1,250.00 14,600.00 24.0 1,250.00 30,000.00
Axial flow crystallizer pump 4.2 175.00 728.00 11.7 175.00 2,044.00 24.0 175.00 4,200.00
Misc power requirements transfer and cooling 500.0 HP 4.2 372.85 1,551.06 11.7 372.85 4,354.89 24.0 372.85 8,948.40
7,494.57 21,042.44 43,237.88
$0.09 per KW*HR $674.51 $1,893.82 $3,891.41
365 days S 246,197 Annual Subtotal S 691,244 Annual Subtotal S 1,420,364 Annual Subtotal
Steam Cost
4,000 pounds per hour per unit at design capacity @ $ 0.005 per pound $ 30,368 Annual Subtotal S 85,264 Annual Subtotal S 175,200 Annual Subtotal
Chemical Allowance
Chemical Allowance S 17,333 S 48,667 S 100,000
S 17,333 Annual Subtotal S 48,667 Annual Subtotal S 100,000 Annual Subtotal
Labor Allowance
Assume 40 hours per week at $47.38/hour S 98,550 Annual Subtotal S 98,550 Annual Subtotal S 98,550 Annual Subtotal
| S 392,448 Annual Operations Total | S 923,725 Annual Operations Total | S 1,794,115 Annual Operations Total
Maintenance Allowance
Mechanical and electrical capital costs $ 10,215,000 $ 10,215,000 $ 10,215,000
Assume 5% of mechanical and electrical capital cost $ 510,750 Annual Replacement Total $ 510,750 Annual Replacement Total S 510,750 Annual Replacement Total
| S 510,750 Annual Maintenance Total | | S 510,750 Annual Maintenance Total | | S 510,750 Annual Maintenance Total
|$ 903,198 Annual Total O&M | |'$ 1,434,475 Annual Total O&M | |$ 2,304,865 Annual Total O&M
Waste Disposal
Assume solids w/ 15% moisture (18, 50 & 102 tons per day)
Disposal @ $38.00 per ton S 249,660 Annual Subtotal S 693,500 Annual Subtotal S 1,414,740 Annual Subtotal
Transportation @ $ 11.40 per ton S 74,917 Annual Subtotal S 208,103 Annual Subtotal S 424,531 Annual Subtotal
| S 324,577 Annual Total Disposal | | S 901,603 Annual Total Disposal | | S 1,839,271 Annual Total Disposal
Annual disposal savings over evaporation S 4,347,317 S 12,215,637 S 25,113,963

Net annual savings with crystallization S 3,444,118 S 10,781,162 S 22,809,098



RO Well Softening - Source is Newterra

Madison Metropolitan Sewerage District
UF/RO and EDR Chloride Reduction System Alternatives
Chemical Cost Projections

Chemical
Average Feed Flow
Rate (MGD) t
Design Feed ate ( ) to
produce 1.5 MGD
Flow Rate blended permeate
Dose (ppm) (gpm) Ibs/day gpd Cost ($/lbs)  Cost (S/day)  Cost (S/year) P Cost (S/year)
Antiscalants 3 2,000 72.10 7.21 6 S 432,60 S 157,900.75 135 S 74,015.98
Sodium Bisulfite 3 2,000 72.10 5.84 15 7210 $ 26,316.79 135 § 12,336.00
cp ' 600 6 2™ $  14,400.00
RO Centralized Softening - Source is Newterra
Chemical
Average Feed Flow
Rate (MGD) t
Design Feed ate ( Jto
produce 28.2 MGD
Flow Rate blended permeate
Dose (ppm) (gpm) Ibs/day gpd Cost ($/lbs)  Cost (S/day)  Cost (S/year) P Cost (S/year)
Antiscalants 3 34,000 1,225.71 122.57 6 S 7,354.28 S 2,684,312.78 254 $ 1,391,500.38
Sodium Hypochlorite 3 34,000 10,215.03 1103.13 0.11 $ 1,123.65 $ 410,133.41 254 S 212,605.92
Sodium Bisulfite 3 34,000 1,225.71 99.25 1§ 122571 $ 447,385.46 254 S 231,916.73
cp 34" 600 6 2™ $  244,800.00
" # of trains

. . .
chemical Ibs./cleaning

cleanings per year (assumes cleaning frequency of 6 months)

UF System - Source is Koch November 6 Internal Memo

Flow
Assumption S/year @ 15
(MGD) gal/year S/gal S/year MGD
Sodium Hypochlorite 26.4 23,735 S 1.00 S 23,735 S 13,486
Citric Acid 26.4 10,415 §$ 5.00 S 52,075 S 29,588

RO System - Source is Evoqua Proposal



Chlorine

Ammonium Hydroxide
Anti-scalant

Sulfuric Acid

CIP Chemicals

Recovery RO System - Source is Evoqua Proposal

Chlorine

Ammonium Hydroxide
Anti-scalant

Sulfuric Acid

CIP Chemicals

EDR

Chlorine

Ammonium Hydroxide
Anti-scalant

Sulfuric Acid

CIP Chemicals

Evaporator - GEA

Sodium Hypochlorite

Anti-scalant
Sulfuric Acid

Flow Ibs/1,000
Assumption gallons  Ibs/year @ Chemical $/1,000 gallons S/year @ 15
(MGD) gal/year S/gal treated 15MGD Density lbs/gal treated S/year MGD
15 31,729 1.00 0.059 323,025 10.18 31,729 S 31,729
15 8,777 1.50 0.012 65,700 7.49 13,166 S 13,166
15 S 0.049 S 268,275
15 224,801 1.80 0.62 3,394,500 15.1 404,642 S 404,642
15 S 0.025 S 136,875
Flow Ibs/1,000
Assumption gallons  Ibs/year @ Chemical $/1,000 gallons S/year @ 2.25
(MGD) gal/year S/gal treated  2.25 MGD Density lbs/gal treated S/year MGD
2.25 - 1.00 0 0 10.18 - S -
2.25 - 1.50 0 0 7.49 - S -
2.25 S 0.119 S 97,729
2.25 924,586 1.80 17 13,961,250 15.1 1,664,255 S 1,664,255
2.25 S 0.052 S 42,705
Flow Ibs/1,000
Assumption gallons  Ibs/year @ Chemical $/1,000 gallons S/year @ 15
(MGD) gal/year S/gal treated 15MGD Density lbs/gal treated S/year MGD
1.5 3,173 1.00 10.18 3,173 §$ 31,729
1.5 878 1.50 7.49 1,317 S 13,166
15 S 0.049 S 268,275
1.5 7,264 1.80 15.1 13,074 S 130,743
15 S 0.025 S 136,875
Flow Ibs/1,000
Assumption gallons  Ibs/year @ Chemical $/1,000 gallons S/year @ 1.5
(MGD) gal/year S/gal treated 1.5MGD Density Ibs/gal treated S/year MGD
1.50 - 1.00 0 10.18 - S -
1.50 - 1.50 0 7.49 - S -
1.50 S -
1.50 - 1.80 0 15.1 - S -

NaOH upstream to shift bi-carbonate to carbonate and drop out calcium carbonate

Based on 6 month cleaning

Based on 6 month cleaning

Copied from RO
Copied from RO
Copied from RO

Copied from RO



Madison Metropolitan Sewerage District
UF/RO and EDR Chloride Reduction System Alternatives
Membrane Cost Projections

Softening RO Membranes - Well Head

Total Average Annual
Membranes / Total Cost per Membrane Life Replacement
Units Unit Membranes Membrane Cost (years) Cost
Bag filters 2 52 104 S 3 S 312 0.083333 S 3,744
RO membranes 2 168 336 S 700 S 235,200 3 S 78,400
S 82,144
Softening RO Membranes - Centralized
Total Average Annual
Membranes / Total Cost per Membrane Life Replacement
Units Unit Membranes Membrane Cost (years) Cost
Bag filters 34 52 1,768 S 3 S 5,304 0.083333 S 63,648
RO membranes 34 168 5,712 S 700 S 3,998,400 3 S 1,332,800

$ 1,396,448

RO Membranes

Total Average Annual
Membranes / Total Cost per Membrane Life Replacement
Units Unit Membranes Membrane Cost (years) Cost
Primary Treatment
L UF 1,210 $ 3,000 $ 3,630,000 $ 518,571
2RO 6 574 3,444 S 600 $ 2,066,400 S 688,800
Recovery System
2RO 6 54 324 S 600 $ 194,400 3 S 64,800
$ 1,272,171



EDR System

Cost per Total Average Annual
Membrane Membrane Life Replacement
Units Stacks / Unit Total Stacks Stack Cost (years) Cost
Primary Treatment
®  Anion/Cation 12 24 288 $ 36000 $ 10,368,000 10 $ 1,036,800

Notes

1
Based on Koch
Membrane System
Puron proposal

2 Based on Evoqua
proposal

3 Based on GE
Information

$ 1,036,800



DISPOSAL - LIQUID
Disposal
Environmental fee

TRANSPORTATION
Transportation
Tanker Volume
Transportation
Fuel surcharge

wv|n n

-

DISPOSAL - SOLID (Madison Prairie)

Disposal
WI generator tax

TRANSPORTATION
Transportation - delivery
Transportation - haul
Environmental Surcharge
Fuel surcharge

$
$
$

wn|wmn n nn

Madison Metropolitan Sewerage District
UF/RO and EDR Chloride Reduction System Alternatives
Membrane Cost Projections

0.15 /gallon

0.01125 /gallon

0.16 /gallon

2,190 per Trip

7.5% of disposal

based on Vickery, Ohio Disposal Site (430 Miles)

5,000 gallons = Tanker Volume

0.44 /gallon

0.1314 /gallon

0.57 /gallon

250 miles

30.0% of disposal @ $3.50 to $3.579 /gallon

Assumed transportation (one way)

58% Transportation Factor

$0.33

25.00 /ton
13.00 /ton
38.00 /ton

75.00 /trip
185.00 /trip
27.99 /trip
19.89 /trip

307.88 /trip

27 tons/trip
11.40 /ton

20 to 30 CYD container (Assume 20 cyds @ 1.35 tons/cyd = 27 tons)

10% of transporation
7.65% @ $3.50 /gallon
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Assign Criteria Weighting Manually (From 0 to 5)

MMSD Chloride Treatment Technology Options
Triple Bottom Line Assessment

Social & Community Weighting

[[] Remove N/A

Show / Hide Scores

Alternative 1A

Alternative 1B

Alternative 2A

S1  Leadership/Community Image HN 3 Source water softening - Wellhead treatment for Source water softening - Centralized treatment for _
i e hard 50 well sit hard 50 MGD Treatment at NSWTP using RO
S2  Public Acceptance ' B 3 ardness (50 well sites) ardness ( )
S3  Worker Safety ' H -4 Technology Options: Technology Options: Technology Options:
S4  Public Health Impact : -3 SR-3 SR-5 TP-2, BM-1, D-3

Environmental

E1 Energy Use ‘ J 4
E2  Air Quality Impact ‘Bl s
E3  Noise Impact : L 2
E4  Plant Carbon Footprint -Hl: 3
E5 Land Use Impact 3 | B
E6 Byproduct Reuse Potential -l 4
E7 Impact on Effluent Quality 3 | B

Financial & Operational

F1 Capital Cost 5
F2 0&M Cost : 5
F3  Avoided Cost & New Revenue . H S Treatment for removal of hardness at water supply Treatment for removal of hardness from water supply | Treatment of up to 15 MGD of the NSWTP effluent
- — source (and associated elimination of residential, at a centralized location (and associated elimination of|] using reverse osmosis technology for chloride

F4  Chloride Removal Efficiency ‘ j © 4 commercial and industrial zeolite water softeners). residential, commercial, and industrial zeolite water removal. Treatment includes handling and disposal of
F5 Process Complexity . H 73 Treatment consists of membrane softening located at | softeners). Treatment consists of membrane up to 1.5 MGD of concentrated brine waste. This

- - individual wells. It was assumed that 22 individual softening located at a single centralized treatment analysis assumes an average treatment rate of 7.3
F6  Operational Risk -l 4 treatment systems each capable of softening a 3.0 site. It was assumed that the centralized system MGD.

Very High Score =
- High Score

E’ Medium Score

Low Score

- Very Low Score
Unknown / TBD / NA

MGD raw water supply would be required.

would be capable of producing 50 MGD of softened
water. Infrastructure improvements to direct water
from supply wells to the treatment facility and from the
treatment facility to the distribution system are
required, and are assumed to include 135 miles of
watermain at $1M per mile.

M1 Total Life-cycle Costs Net Present Value($M) : $287.8 M $386.0 M $2,348.8 M
M2 Total Capital Cost ($M) : $91.5 M $210 M $87 M
M3 Annual O&M Cost ($M/yr) : $10.9 M/yr $10.1 M/yr $136.8 M/yr
M4 Chloride Removal Efficiency (Ib/$1000) : 953 710 48

M5 Total Energy Use (MWh/yr) : 31,100 39,000 8,500

M6 Carbon Footprint (MT CO2elyr) : 22,700 28,400 16,500
M7 By-product Quantity : None None 730,000 gpd
M8 Truck Hauling Distance (miles/yr) : 71,250 30,000 21,900,000




Alternative 2B

Treatment at NSWTP using RO and brine minimization
using evaporation

Alternative 2C

Treatment at NSWTP using RO and brine minimization
using evaporation/crystallization

Alternative 3A

Treatment at NSWTP using EDR

Alternative 3B

Treatment at NSWTP using EDR and brine minimization
using evaporation

Alternative 3C

Treatment at NSWTP using EDR and brine minimization
using evaporation/crystallization

Technology Options:
TP-2, BM-1, BM-3, D-3

Technology Options:
TP-2, BM-1, BM-3, BM-4, D-4

Technology Options:
TP-3, D-3

Technology Options:
TP-3, BM-3, D-3

Technology Options:
TP-3, BM-3, BM-4, D-4

Treatment of up to 15 MGD of the NSWTP effluent
using reverse osmosis technology for chloride
removal followed by evaporation for the reduction of
brine waste volume. Treatment includes handling and
disposal of up to 0.15 MGD of concentrated brine
waste. This analysis assumes an average treatment
rate of 7.3 MGD.

Treatment of up to 15 MGD of the NSWTP effluent
using reverse osmosis technology for chloride
removal followed by evaporation and crystallization for
the reduction of brine waste quantity. Treatment
includes handling and disposal of up to 102 tons per
day of concentrated brine waste. This analysis
assumes an average treatment rate of 7.3 MGD.

Treatment of up to 15 MGD of the NSWTP effluent
using electrodialysis reversal technology for chloride
removal. Treatment includes handling and disposal of
up to 1.5 MGD of concentrated brine waste. This
analysis assumes an average treatment rate of 7.3
MGD.

Treatment of up to 15 MGD of the NSWTP effluent
using electrodialysis reversal technology for chloride
removal followed by evaporation for the reduction of
brine waste volume. Treatment includes handling and
disposal of up to 0.15 MGD of concentrated brine
waste. This analysis assumes an average treatment
rate of 7.3 MGD.

Treatment of up to 15 MGD of the NSWTP effluent
using electrodialysis reversal technology for chloride
removal followed by evaporation and crystallization for
the reduction of brine waste quantity. Treatment
includes handling and disposal of up to 102 tons per
day of concentrated brine waste. This analysis
assumes an average treatment rate of 7.3 MGD.

$619.0 M $464.4 M $2,319.1 M $589.3 M $434.8 M
$171 M $193 M $81 M $165 M $187 M
$26.3 M/yr $15.4 Miyr $135.3 Miyr $24.8 Miyr $14.0 Miyr
183 244 49 192 261
66,600 80,000 6,100 64,100 77,600
41,000 46,500 14,800 39,200 44,700
73,000 gpd 36.8 CYDS/day 730,000 gpd 73,000 gpd 36.8 CYDS/day
2,550,000 135,000 21,900,000 2,550,000 135,000




MMSD CHLORIDE TREATMENT PLANT ALTERNATIVE OPTIONS DATASHEET

Instructions: Please fill-out this datasheet for each Alternative in consideration. Each alternative should include the complete process for the plant.

‘ =Required Field

=Optional Input ‘

Provide basic information about technology option.

1.1 Alternative ID 1A
1.2 Alternative Name Source water softening - Wellhead treatment for hardness (22
well sites)
13 Technologies Applied (i.e. SR-1, BR-[ SR-3
1,TP-1,D-1, etc.)
1.4 Description

Provide nutrient removal performance information.

Ref # Category Answers Notes:

2.1 Chloride reduction % 30.0% (%)

2.2 Chloride reduction quantity 22000000 Ib/yr Based on removal of approx 60,000 Ibs. of chloride on expected max chloride load day to maintain 395 mg/L limit.
2.3 Phosphorous / Nitrogen Removal No (Y/N)

24 Other wastewater constituents No (Y/N)

2.5 Effluent temperature impact Low (H/M/L)

3.1 Life-cycle Cost Information

Provide an estimate of overall alternative costs, including all technology costs, labor related costs, life span, and funding.

Overall Alternative Costs (* can use component cost worksheet to calculate totals)

Ref # Cat Est. Costs|
€ atesory (5) Notes:
3.1.1 | Total Capital Cost B 91,512,305 \ \
3.1.2_| Annual O&M Cost $ 10,854,300 \ |
Labor Related Costs Notes:
313 Total FTE (Full Time Employees) 11 employees
3.1.4 Average Annual Salary/FTE $98,550 S/Yr/FTE
Life Span Notes:
3.15 What is the life span of this 20 yrs
technology?
Funding Notes:
3.1.6 Are there components in the No y/n
alternative eligible for funding?
3.2 Avoided Costs/ New Revenues
Please provide avoided costs and new revenue information in the table below. Provide $ per year if possible.
Amount of cost Level of cost savings
Ref # Items savings and/or new OR and/or new revenue
revenue ($/Yr) (H/M/L)
Notes:
3.2.1 Avoided disposal cost No saving
3.2.2 Avoided treatment cost High Avoids chloride treatment at NSWTP
3.2.3 Sale of by-product No saving
3.2.4 Energy savings through co-gen, etc. No saving
3.2.5 Avoided raw material cost No saving
3.2.6 | (other)
3.3 Please rate the complexity of the processes involved in this alternative
If possible, provide sub process complexity below.
Overall process Sub- Sub- Sub- Sub- Sub-
Ref # Processes B
complexity process 1 | process 2 | process 3 | process 4 | process 5
Notes:
33.1 Ease of operation (scale 1-5) (5 is the easiest) 3
332 Number of other processes impacted (#) 2 Membrane reject requires additional raw water
pumping & increase in hydraulic load at NSWTP.
333 Process reliability/proven effectiveness High
(H/M/L)
334 Pretreatment requirements (y/n) No Assumes no sand, iron to be addressed with
chemical addition
3.4 Please rate the operational risk (ability to work in variable conditions) for this alternative
o 1l Risk Level* *Consider the sub-
Ref # Condition veraH ; L eve process with the highest
(H/M/L) risk Notes:




3.4.1 Highly variable wastewater volume (H/M/L) Low
3.4.2 Variable dilution / concentration of chemicals Low
(H/M/L)
3.4.3 Temperature sensitivity (H/M/L) Low
3.5 Please provide information about sole-source equig /technology

3.5.1 Does Implement