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INTRODUCTION

The City of Mason currently obtains its water frgroundwater wells located throughout the
City (see Figure A-lin Appendix A). For several years, the City’'s well water hasnbakove
the federal limit for a rare type of radioactiventaminant, known as radium 226/228 (which is a
combination of the radium 226 and radium 228 ise)p The proposed improvements are
needed to comply with limits set by the USEPA toe Maximum Contaminant Level (MCL) of
radium 226/228 (combined), which is currently 5qgaigries per liter (pCi/L), measured at each
well, before entry into the distribution system.

The water system has a Reliability Study that wammeted in August 2005, and MDEQ has
reviewed that document. A copy of the ReliabiBjudy is enclosed iAppendix G. The
water distribution system includes two elevatedew&bwers and water mains ranging from 4 -
12 inches in diameter. The system is in good itmmdoverall with very few deficiencies noted
in the Reliability Study. The few deficienciesed will be addressed by ongoing DPW
operations as O & M.

Mason’s water is relatively high in hardness amah.ir The City feeds polymer to hold iron in

solution and many homeowners utilize ion exchanggdt)( type water softeners to remove
hardness. In July 2005, the City conducted aesunf residents. The survey explained the
need for radionuclide removal and that municipadevsoftening would remove radionuclides
and also eliminate the need for home water sofsenekpproximate costs for softening and also
for just radionuclide removal were presented. Apyof the survey and a summary

memorandum are enclosed Appendix F.  Public opinion was split 51% for softening and
48% against.

In summary, the major issue facing the City of Masater system is exceedance of the MCL
for radionuclides at three wells and near MCL levialseveral others. MDEQ requires the City
to take action to correct the MCL violation. Thigdest question for the water customers is
whether to remove radionuclidaad soften, or just remove radionuclides and contsuféening

at home.

This Project Plan evaluates several alternativehatst of reducing radionuclides in Mason’s
drinking water, including softening, buying wateorh the Lansing Board of Water and Light,
and filtering water to remove only radionuclides.

The City of Mason wishes to secure funding for pngject from the Drinking Water Revolving
Fund for water suppliers. This Project Plan heenbprepared as the application for this funding
according to “Securing Financial Assistance Throtigh Drinking Water Revolving Fund, A
Guidance Document for Water Suppliers and Constdta(MDEQ document to be used as a
guide for the preparation of project plans).
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PROJECT BACKGROUND
A. STUDY AREA CHARACTERISTICS

1. Delineation of Study Area

The Study Area consists of 14 square miles centeneithe City of Mason. Areas adjacent
to the City may someday develop and can be seryedmA. 425 Agreement or by contract
with Vevay Township. No service outside the Cgyproposed at this timerigure A-2 is a
map of the Study Area.

The current service area for the drinking watetesysis limited to the area inside the City
Limits. The City has a contract with Vevay Townsho supply the residents of Vevay
Township with water service, this is in addition ttee water that supplied to the City of
Mason customers.

Additional maps indicating the potable/raw waterinmextensions and the possible sites of
both a new centralized water treatment plant anhead treatment systems, are shown in
Figures A-3& A-4 respectively. A zoning map of the project areahewn inFigure A-5,
and a Future Land Use Map of the study area isidlec] ad=igure A-6.

2. Surface Water and Groundwater

A discussion of the groundwater is included latethis section. There are no large surface
water bodies near the City that could serve as tersource. There is however, a small
stream system that flows through the center ofGhg called Sycamore Creek. The City
itself lies within three subwatersheds, the Sycant@reek, Willow Creek, and the Aurelius-
Vevay Drain Sub watersheds, which are all parheflarger Red Cedar Watershed.

The City lies over several aquifers including theffgial, Mississippian, and Pennsylvanian.
The City’s wells draw water from the Surficial aRénnsylvanian aquifers with the majority
of the water coming from the deeper Pennsylvanguifer. The aquifer’'s recharge occurs
from precipitation and from lakes and streams flayvinto the Surficial aquifer system and
transmitting into the deeper Mississippian and Bglanian and systems.

B. ECONOMIC CHARACTERISTICS

The City’s 2000 census data indicate that the nmed@usehold income is $41,790, the median
family income is $53,519, and the per capita incasn®20,866. Approximately 4.1 percent of
the population are below the poverty level (3@pendix B, Census Data). Industries providing
employment: Educational, Health and Social servi@&4%), Manufacturing (13.2%), and
Retail trade (12.1%).

The estimate of the current (2005) population iprapimately 7,363, current water use is
approximately 22,000 gallons per quarter (or 7,3@8ons per month) for each customer
account that uses City water. This equates tooxppately 245 gallons per day (gpd) per
customer or approximately 94 gpd per capita (based.6 residents/home). According to City
officials there are approximately 2,600 meteredt@usrs (in 2006) that use City water. The
current water rates that are paid by the average are approximately $62.75 per quarter. In
addition to the billed cost of the City’'s water|aage percentage of the users also utilize home
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water softeners at an additional cost of approxge$2.50 per 1,000 gallons.* This increases
the average estimated water cost to $117.75 peateguar each residence (based on 22,000
gal/quarter).

Economic trends and growth conditions in the stadda are expected to expand at moderate
levels, and the water demand needs will consequenberience an increase with time. The
City is expecting that the peak water demand vgpraach 2.5 MGD by 2026 (currentil.66
MGD), based on their own commercial, industrial aesldential growth projections.

C. EXISTING FACILITIES

1. Method of Water Distribution and Physical Condiion

The original water distribution system that wasltbini Mason was constructed primarily of
cast iron piping, and much of this original pipiisgstill in use today. The age of the City’s
water distribution system has begun to cause a suoflwater main breaks in recent years.

The existing Mason water distribution system is lbgdseven wells that range in depth from
49-ft for one of the older wells and between 19398 ft for the other wells (sél@able 2 &
Appendix C, Well Characteristics). These wells produce betwEshgpm and 500 gpm for
a total capacity of 2,200 gpm (firm capacity ofQQpm or approximately 2.45 MGD). The
water system consists of the seven wells, over0D8Oft of water main, and two elevated
water towers, which provide a storage capacity BfQ total (se€lable 1).

Currently raw water is fed directly from the welfgo the potable water system with limited
treatment being applied prior to delivery to theéyGiesidents. Each of the well pumping
stations follows an additive schedule that inclutlesride and chlorine inoculation, as well
as soluble iron control by the feeding of a polpgbhate blend.

The path of the water movement in the existing esysts from the seven wells into the
distribution system and from there it flows eitl@io the homes and businesses of the City’s
approximately 7,363 residents or into the elevademtage tanks that are located to the
Northwest and South of the City.

* See ‘Home Water Softening Costs”, page 39

TABLE 1. EXISTING DISTRIBUTION SYSTEM SUMMARY
The Existing System’s Components
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Well Number Location

#1 Park Street

#2 Curtis Street

#3 Howell Road
Seven Source Wells ) Hayes Park

#5 West Ash Street

#6 Franklin Farms

#7 Kipp Road

Two Elevated Storage Tanks
Distribution Piping Network

Each With a Capacity of 500,000 Gallons

Length of Piping in Lineal Feet Pipe Size
34,500 4-inch main
83,600 6-inch main
59,200 8-inch main
7,000 10-inch main
55,300 12-inch main
900 16-inch main

Provided by the City of Mason

TABLE 2.EXISTING WELL SUMMARY

Well Number Location Total Depth (ft) | Casing epth (ft) | Capacity (gpm)
#1 Park Street 49 41 350
#2 Curtis Street 272 218 150
#3 Howell Road 240 41 250
#4 Hayes Street 199 110 350
#5 West Ash Street 270 67 250
#6 Franklin Farms 340 56 500
#7 Kipp Road 293 57 350
Total Capacity 2,200
*Firm Capacity 1,700

From the City of Mason Annual Pumpage/Usage Re@od
(*Firm Capacity is based on Well #6 Being Out of\B&e)

2. Current Water Treatment Practices

The water that the City currentipumps from itswells receives minor treatment before
entering the distribution system. The water iatied with a poly-phosphate blend to control
against iron oxidation, fluoride is added to proen@dequate concentrations to protect
against tooth decay, and chlorine is added to deoa residual measure of control against
microbial activity. All of these are added at thellhead directly, which allows for water
quality control at each point of entry (POE) inte distribution system.

3. Source Water Characteristics
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The water from the City’s wells range in iron contation from 0.3-6.3 mg/L and contains
levels of radium 226/228 that have been measuresieathe USEPA mandated MCL (see
Table 3). The source water has a hardness level rand&.6£29.3 grains (300-500 mg/L
hardness as CaGQ which is considerably higher than the targetlhass range of 9 grains
that is usually used for potable water in Michigan.

TABLE 3. AVERAGE CONCENTRATIONS BY SOURCE WELL

Well | Radium Radium Total Radium Iron Hardness pH | Conductivity
No. 226 228 226/228 (mg/L) | (mg/L as CaCQ) (umhos)
(pCi/L) (pCi/L) (pCi/L)

#1 <1.0 <0.1 431 7.6 970
#2 3.7 6.3 397 8.1 630
#3 | 3.23+.3 <1.3 4.7 0.7 453 7.4 940
#4 5.01 3.00 8.07 0.4 384 7.8 600
#5 3.26 2.80 6.1° 4.9 496 7.6 800
#6 3.6 0.3 375 7.8 550
#7 | 52+1.1 5.2 0.6 436 7.5 690

pH, Conductivity, Iron, & Hardness Concentratiorenfi MDEQ (2004)

! Provided by the City of Mason

2 From FTC&H Water Feasibility Study 2003

% Represents Average of Five Sets of Lab Tests Rnef by the City of Mason

Following the change by the USEPA (effective Japuhr 2004) on the level of radium
226/228 that is to be considered acceptable, theepce of radionuclides is the most current
and pressing concern faced by the City’'s waterciais. The new EPA rule on the radium
MCL is to be achieved at the POE into the distitiusystem (7 wells), rather than the entire
distribution system. The presence of radium 22&/2Pthe drinking water can become a
concern when it reaches levels over 5 pCi/L acogrdlb the most recent standards set by the
EPA.

Due to the high levels of iron that were measurngdhle MDEQ in 2004 for well No. 2, the
City is considering abandoning this well. The higin concentration (6.3 mg/L) at well No.
2 will be very difficult, and costly to remove bsatlitional methods. Abandoning this well
may be the most economical option for the City, tu¢his well's high iron levels and its
isolation from the water system. To compensatettierloss of the water currently being
supplied by well #2 it may become necessary to anlew well, which may most effectively
be placed near either well #6 or well #7.

D. Need for the Project

Based on the levels of radium 226/228 frequentlgeeding the MCL for the combination of
these two contaminants, there is an urgent nee@velop an efficient form of radium removal
for the City’'s water supply system. Based on tesults from six independent labs (see
Appendix D) the wells at; Hayes Park (#4), West Ash Streé),(#nd Kipp Road (#7) are

operating at levels of radium contamination thatlaigher than the 5 pCi/L MCL. The possible
health risks associated with radionuclides areptiteary force driving this project forward. The
5 pCi/L MCL for radium 226/228 that was set by th8EPA Safe Drinking Water Act (SDWA)
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was based on protecting the health of the publidirbiting their exposure to these dangerous
substances. The following subsection describebeh#h risks associated with radionuclides.

Table 5is a summary of the current health standards@sylgated by the USEPA.

1. Radionuclides and Public Health Risks

Radionuclides emit “ionizing radiation”, a known rhan carcinogen, when they
radioactively decay. Long-term exposure to radahides in drinking water may cause
cancer. Radionuclide contamination of drinking @vats a significant and emerging issue.
Naturally occurring radioactive materials from gmgtal formations have been the primary
cause of contamination. Because of their potehgalth effects and widespread occurrence,
natural radionuclides—including radon, radium, anahium—cause much concern.

Radionuclides occur naturally as trace element®©dks and soils as a consequence of the
“radioactive decay” of uranium-238 ¢k and thorium-232 (Th,). This decay happens
because radioactive atoms have too much energyn\Mdukoactive atoms release or transfer
their extra energy, it is called decay. The endlwy release is called ionizing radiation,
which may be alpha patrticles, beta particles, anmga rays. This energy is transmitted
through space or another medium in waves (e.gayg-br gamma rays) or particles (e.g.,
electrons or neutrons) and is capable of eithercty or indirectly removing electrons from
atoms, thereby creating ions, which are electyaatlarged atoms.

Radon-222, radium-224, radium-226, radium-228, wrar238, and uranium-234 are ions of
the U-238 and Th-232 decay series. They are the smsamon radionuclides found in
groundwater. Other naturally occurring radionudidend to be environmentally immobile
or have short half-lives, meaning they are far lg®dy to be found in significant amounts in
groundwater. When ionizing radiation strikes arlgiorganism’s cells, it may injure the
organism’s cells. If radiation affects a signifitanumber of cells, the organism may
eventually develop cancer. Or at extremely highedpg may even die.

a) Radium

Radium-226 and radium-228 are natural groundwaiatacninants that usually occur at
trace levels. Radium-226 has a half-life of 1,§22rs and emits alpha particl€xoss
alpha particle activity (GAPA) is an indicator of the amount of alpha-emitting
radionuclides, including radium-224 and radium-2Zadium-228 has a half-life of 5.75
years and emits beta particl€3toss beta-particle activity (GBPA)is an indicator of
the amount of beta-emitting radionuclides, inclgdiadium-228.

At high exposure levels, radium-226 and radium-2a28 cause bone cancer in humans
and are believed to cause stomach, lung, and ctrerers as well. Radium-224 is a
daughter product of radium-228 and is also presegtoundwater but has a short half-
life of 3.64 days and is not currently regulatedlimking water.

ltemsb-e do not apply to Mason, but are included in thoré for informational
purposes:
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b) Radon

Radon is a naturally occurring radioactive gas #&maits ionizing radiation. National and
international scientific organizations have coneldidhat radon causes lung cancer in
humans. Ingesting drinking water that contains madtso presents a risk of internal
organ cancers, primarily stomach cancer. The Ur&ir&mental Protection Agency
(EPA) and the U.S. Surgeon General recommend gestdoor air for radon in all homes
and apartments located below the third floor. Itiy@moke and your home has high
indoor radon levels, your risk of lung cancer ipexsally high. Tap water typically only
emits approximately 1 to 2 percent of the radomtbin indoor air. However, breathing
radon from this source increases the risk of luengcer over the course of a lifetime.

c) Uranium

Uranium is a naturally occurring radioactive coni@ent that is found in both
groundwater and surface water. At high exposurelégewranium is believed to cause
bone cancer and other cancers in humans. The EsvAbalieves that uranium can be
toxic to the kidneys.

d) Gross Alpha

Alpha emitters naturally occur as radioactive comteants, but several come from
manmade sources. They may occur in either grourswat surface water. At high
exposure levels, alpha emitters are believed tseca@ancer in humans. Alpha particles
are equivalent to the nucleus of a helium atomphAlparticles can be easily blocked.
Even a piece of paper blocks an alpha particle.

e) Beta and Photon Emitters

Beta and photon emitters are primarily manmadeoeadive contaminants associated
with operating nuclear power plants, facilitiestthae radioactive material for research or
manufacturing, or facilities that dispose of radibae material. Some beta emitters occur
naturally. Beta and photon emitters primarily ocouisurface water. At high exposure

levels, beta and photon emitters are believed tse&ancer in humans. Beta particles
are neutrons and can be blocked with a piece cdlm&amma rays are x-rays, which

can be blocked with thick metal or with lead.
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TABLE 5. CURRENT STANDARDS OF REGULATED RADIOACTIVE DRINKING WATER

CONTAMINANTS *

D

S

MCL (year
Contaminant promlfl]gated) MC[‘,bI]_G Source Health Effect
a
Some people who drink water-
Combined Naturally occurs in | containing radium -226 or -228 in
radium-226/- | 5 pCi/L (1976) 0 some drinking watern excess of the MCL over many yea
228 sources. may have an increased risk of
getting cancer.
Some people who drink water
(Adjusted) 15 pCi/L (not Naturally occurs in | containing alpha emitters in excess
Gross Alpha | including radon 0 some drinking water of the MCL over many years may
or uranium) sources. have an increased risk of getting
(1976) cancer.
May occur due to | Some people who drink water
Beta Particle| 4 mrem/year contamination from | containing beta and photon emittel
and Photon | (look-up table) 0 facilities using or in excess of the MCL over many
Radioactivity (1976) producing years may have an increased risk
radioactive getting cancer.
materials.
Exposure to uranium in drinking
water may result in toxic effects to
Uranium 30 pg/L (2000) Naturally occurs in | the kidney. Some people who drink
[c] 0 some drinking water| water containing alpha emitters in

sources.

excess of the MCL over many yea
may have an increased risk of

7N

getting cancer.

* Per USEPA Primary Drinking Water Standards

[a] MCL: Maximum Contaminant Level

[b] MCLG: Maximum Contaminant Level Goal
[c] 30 pg/L of Uranium is based on kidney toxicityhich is equivalent to 45 pCi/L

2.

Compliance Issues
Based on the current state of radium 226/228 nomptiance for three of the City's wells it

has become apparent that future steps will nede tiaken to achieve full-scale compliance
with the Michigan SWDA (1979 Public Act 399) requibas. Failure to achieve compliance
in a timely and orderly fashion could result inenand the possibility of the issuance of an
Administrative Consent Order (ACO) from the StateMbchigan, as well as unnecessary
health risks for Mason City residents.

In addition to this, the City of Mason is striving improve the overall quality of the water
they provide to their residents. A method of acimg this would be the addition of iron
removal or iron removal/softening to process théy'€iwater prior to it entering the
distribution system. To achieve this, the City Wdbmeed to combine iron removal/softening
treatment with the radium removal steps into aegrdated process that produces a uniform
flow of water with a consistent quality.
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3. Water Quality Problems

As the Previous segments of this report have adlithere are currently water quality issues
faced by the City of Mason. The predominant issuthis area is the high level of radium

226/228 and possibly the high levels of hardneskimm. The variance between the water
quality of the individual wells combined with thack of a central processing facility raises
some concern about the differences in the qualitthe water that is being delivered to

different parts of the city. The high levels ofrth@ess that are currently found in the water
are also an important concern given that a higlcgreage of the City’s residents are

choosing to pay an additional cost to soften theater within their homes. Based on

estimates made by City officials, the residents #na choosing to soften their own water are
essentially paying a very similar rate for thekhiome softening that they are paying for the
non-softened water from the City.

4, Projected Needs for the Next 20 Years

The City is striving to anticipate and design fioe increase in water demand that will occur
over the next 20 years. The current average vdai®iand usually hovers around 0.90 MGD,
with a ten-year peak flow of 1.66 MGD (1995). Bd®m an anticipated annual growth rate
of 1% in the City’s water use, estimates of they€itvater demand have been made for the
next 20 years (se€able 6 & Figure 1). It should be noted that the Average Daily Water
Demand projections are based on the current (20@5pge daily flow rate of 0.90 MGD. In
order to design for the peak daily flow a peakiagtér of 2.0 was used.

TABLE 6. WATER DEMAND PROJECTIONS

Year Average Daily Water Demand Peak Daily Demand (MGD)
(MGD) (Peaking Factor of 2.0)

2005 0.90 1.80

2010 0.95 1.90

2015 0.99 1.98

2020 1.04 2.08

2025 1.10 2.20

FIGURE 1. GRAPH OF PROJECTED WATER DEMAND
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5. The Consequences of a Future without the Propa$é@roject

The City would be facing fines and mandated comgkafrom the MDEQ as well as the
distinct possibility of lawsuits from water custoraédased on their continued exposure to the
radionuclides in the City’s water supply. The Gityvater customers would be forced to
continue to provide their own water softening seggion a per residence basis, which would
continue to add to their expenditures. Given tlieng public fear of anything remotely
related to radioactive material (i.e. radium 228R2he City could very well begin to
experience a decline in the rates of water usbaapdpulation of the City begins to purchase
more of their water from outside sources. The gigedl dangers of the radium 226/228 in
the public drinking water, whether they are foundechot, could begin to have an influence

on the economy of the City.

E. Population Data
The Current Population of the City of Mason is apmately 7,363 persons (Based on Growth

Projections of for Ingham County, s@ppendix B), and the majority of these obtain their water
from the City of Mason.

1. Population Projections
Using regional data the City of Mason’s populatierexpected to grow to roughly 8,076

persons by 2025 (s€kable 7 & Figure 2). The majority of these additional users will
require water service from the City, which will te develop additional water sources in
order to meet these demands. The project plaremies in this report is designed to meet
the future water demand that will result from tmti@pated population growth, as projected

to the year 2025 (20 year study period).
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TABLE 7.POPULATION |NCREASE BASED ON THE TRI-COUNTY ESTIMATE (APPENDIX B)

Year Population
1995 7,383
2000 6,714
2005 7,363
2010 7,739
2015 7,967
2020 8,031
2025 8,076
2030 8,119
2035 8,147
1995-2035 Percent Growth 10%

FIGURE 2. PROJECTED INCREASE IN THE POPULATION OF M ASON, M|
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[ll. ANALYSIS OF ALTERNATIVES
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A. No Action

This is not a viable alternative given the currgitiation, the City’'s water is in violation of the
USEPA MCL for radium. Inaction on the part of tB#y to institute measures to reduce the
level of radium in the water supply will likely naél§ in the State of Michigan issuing fines.
Therefore this alternative is the most unfavordbighe City and the residents of Mason.

B. Obtaining Pretreated Water from an Outside Source Regional Alternative)

The possibility of purchasing pretreated water frtdme Lansing Board of Water and Light
(LBWL) has been examined. The LBWL is currentlytie process of completing a feasibility
study on its ability to supply water to neighbormgnicipalities such as the City of Mason.

This option would require the City to purchase theater in a ready-to-use state from the either
the LBWL. At the same time it would prevent theyCirom having to construct their own
treatment facility, which, at least in the shontrrwould be considerably more expensive than
purchasing pretreated water. The LBWL already w®wvater service to several of the
municipalities that surround the City of Lansing.

The basic structure of the agreement between thedCiMason and the LBWL that has been
evaluated, would provide the City of Mason witharie high-quality softened water that would
be delivered to them through water main extensants an interconnection to their system (see
Figure A-7). The water would then be metered to the resgdehtMason using the existing
water distribution system. Therefore relativelitldi change in the way the City’'s existing
distribution system functions would be requiredd @ne overall infrastructure investment may
be less than the construction of a water treatrpkamit for the City. If this option is evaluated to
be feasible, then the City’s existing wells would longer be needed, although several of them
could still be kept in working condition to providebackup supply of water for the City. The
semi-retirement of these wells woybdtentially eliminate the radium 226/228 issue from the
City's water service.

The infrastructure improvements that will need ® ¢obmpleted before either of the water
providers can begin to service the City’'s waterdsewill include additional water mains and a
storage tank with a booster station. An estimétie capital costs that the City would have to
pay for these infrastructure improvements for thgplementation of the pretreated water
purchasing option are shownTiables 8 & 9 This alternative of purchasing pre-treated wester
very much dependent on the best case negotiatietvgebn the regional parties. The cost
analyses for these alternatives are based on émeis® that the City will not be required to buy
land or right-of-ways for the necessary infrastnoetimprovements that will accompany the
construction of these systems.
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TABLE 8.ESTIMATED CAPITAL COSTS FOR THE | NFRASTRUCTURE | MPROVEMENTS FOR

THE LBWL OPTION

Description of Pay Items Quantity Unit Unit Cost Tdal Cost
Ground-Level Storage Tank 1 each $750,000.00 $ 750,000.00
Re-Pumping Station 1 each $200,000.00 $ 200,000.00
16 inch CL 52 D.l. Water Main 11,000 In ft $100.00 $1,100,000.00
2"16 inch CL 52 D.I. Water
Main (for redundancy) 11,000 In ft $50.00 $ 550,000.00
Total Capital Costs for the
Water Main Expansions $2,600,000.00

TABLE 9.ESTIMATED CAPITAL COSTS FOR THE | NFRASTRUCTURE | MPROVEMENTS FOR THE

ELMWSA OPTION

Description of Pay Items Quantity Unit Unit Cost Tdal Cost
Ground-Level Storage Tank 1 each $750,000.00 $750,000.00
Re-Pumping Station 1 each $200,000.00 $200,000.00
16 inch CL 52 D.l. Water Main 32,890 In ft $100.00 $3,289,000.00
2"16 inch CL 52 D.I. Water
Main (for redundancy) 32,890 In ft $50.00 $1,644,500.00
Total Capital Costs for the
Water Main Expansions $5,883,500.00

C. Blending the Raw Water

This option would involve piping the raw water frahe seven existing wells into a central
storage facility, where the water would be blenttegether before entering the distribution
network. The option may reduce the radium leveharaw water to a concentration below the
5 pCi/L MCL by blending the water from the wellstkva high radium concentrations with that
from the wells that have low concentrations of wadli The principal behind this option is that
complete mixing achieved at a central storageitgceiiay produce blended water that is fit for
direct distribution without radium removal.

The infrastructure improvements that would accongghis option would be: a large pipeline to
connect all of the existing wells to the a centlahding facility, the bending facility itself with
the proper amount of storage, and a method of allingy the flow from each of the individual
wells into the bending facility to allow for optimlalending.

The primary advantage of this option is there wdagda significant reduction in cost, since a
water treatment system to remove the radium woatda necessary. Along with this there
some significant disadvantages to this option idicig:

Continual monitoring of the proportions of watesrfr each well that is allowed to flow
into the blending facility.

None of the contaminants in the water would be readpthese include radium 226/228,
iron, hardness, and other contaminates.

A large central storage facility would still hawele built to implement this blending
option.
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D. Aquifer Storage and Recovery

An emerging technology in water supply and storagAquifer Storage and Recovery (ASR),
which involves pumping water into ground aquifersl dater recovering the same water for
drinking purposes.

The most prevalent use of ASR is water storage evherface water is collected in wet weather,
pumped into aquifers, and recovered in dry weath@urrent EPA standards call for the water to
be treated to drinking water quality before pumgintg the ground.

In Florida, ASR is being evaluated as a means td brackish water from migrating inland as
more wells are installed and more fresh water dulem the relatively shallow aquifers.

One experiment in Wisconsin treated surface watet pumped it into aquifers that have
relatively high arsenic levels in the hope of dilgtthe aquifer water and allowing a greater
guantity of blended water to be pumped out. Riwsptr date indicate this effort has been
unsuccessful.

Because Mason’s water comes from the same aqti@rsould be used for storage, ASR would
not provide a net improvement in water quality atietrefore, would not meet the MCL for
Radium.

E. Optimal Performance of Existing Facilities

Whether or not a particular treatment technologfeatively removes radionuclides from

drinking water depends on the contaminant’s chelnaiied physical characteristics as well as the
water system’s characteristics (e.g., source wataality and water system size). Other
considerations include cost, service life, co-treait compatibility and radioactive waste
disposal.

The following treatment technologies were evaluatétizing guidelines from the USEPA or
USEPA sponsored research institutes for theirtgtidi remove radionuclides from water:

lon exchange (IE)

Lime softening (LS)

Reverse Osmosis (RO)

Greensand filtration

Hydrous Manganese Oxide (HMO)
Co-precipitation with barium sulfate
Radium Selective Media

Other Technologies

N~ WNE

Technologies for Radionuclide Removal Proposedess Bailable Technology (BAT) in 1991

1. lon Exchange (IE)

Small systems may readily use ion exchange tredfmérnch removes approximately 90
percent of the radionuclides. These systems gmedly cation exchange systems, which
remove positively charged ions. Traditional saftgnions removed include calcium and
magnesium. These are exchanged for sodium ionghvdre loaded on the resin with a
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brine (sodium chloride) regeneration process. &the radium is chemically similar to the
calcium and magnesium, it is also exchanged folusodbns from the softener resin.

The effluent must be regularly monitored and th&rrenust be frequently regenerated to
ensure that breakthrough does not occur. lon exgghanits may be controlled automatically,
requiring less of the operator’s time. Howevers ihecessary to employ a skilled operator to
determine when regeneration is needed and to ®eslmot. Also, disposal of concentrated
radionuclides can be expensive. lon exchange texdtigenerates wastes that include rinse
and backwash water, and the resin. The rinse ankwash liquid waste includes brine,
radium, calcium magnesium and any other contamsnifuatt the process removes.

It is also possible to operate a softener typeesygtast the hardness breakthrough and still
maintain radium removal. The radium cations arkel Imeore tightly by the resin than the
calcium or magnesium. It is not practicable, hogrevo operate a full-scale system in this
fashion due to the variability of the treated watardness. The majority of the systems
installed in lIllinois, Wisconsin and Michigan arpesated to the hardness breakthrough so
that the water customers receive a consistent watdity to their homes.

Another issue is the final hardness of the potaldeer. If the water is softened 100%, the
softened water is harder on pipes and can everecapper and lead violations due to the
increased corrosivity of fully softened water. ioglly calculations are made to make the
water hardness similar to that available from theaBLakes, which has a hardness of about
9 grains (153-mg/L hardness as CafOlIn Mason, the hardness has been tested to be
between 17.5-23.4 grains (300-400 mg/L hardne§xa&X}), the hardness can be reduced to
the 6-9 range and give a suitable quality to théewaustomers. This is accomplished by
bypassing a portion of the water around the softamel blending it with softened water.
This allows you to create the softness that youtwdnle also reducing the radium to the
percentage desired to bring the water below theboosd radium limit. The amount of
waste (rinse and backwash) that cation exchanderso typically generate ranges between
2 and 10 percent of the treated water.

A drawback of ion exchange softening is that iréases the average daily sodium intake by
200 to 400 mg over an above the estimated averaty idtake of 2,000 to 7,000 mg.
Increased sodium levels from the ion exchange pso@e a concern to some people,
particularly those with high blood pressure andséh@n low salt diets. In most cases,
however, the increase will amount to no more thgpr@ximately 10% of the average dietary
intake of sodium. It is possible to use Potassiurtofe (KCI) instead of Sodium Chloride
(NaCl) to eliminate the Sodium (Na) effect, butsthill cause a doubling of the operating
cost. In addition, if only some wells need redoctof radium, softening may need to be
implemented at all wells in order to provide a dst@nt daily hardness to all water
customers.

Advantages: Provides softened water, works best with cemtedlitreatment due to cost,
easily automated and simple to operate.

Disadvantages: Would need treatment even at wells that do netdrmadium reduction in
order to keep consistent hardness, which raisestipg costs.
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2. Lime Softening (LS)

Lime softening can be used to remove radium fromkdrg water with 80 to 95 percent
efficiency. Also, adding lime or lime soda ash tater increases the pH of the water and
induces calcium carbonate and magnesium hydroxideiptation. Lime softening is
primarily used to treat hard water. Lime softenganerates wastes that include lime sludge,
filter backwash liquid and sludge, and sludge soggant. The initial capital costs and the
operating costs of lime soda ash treatment prosemgehigh compared to other alternatives
available for radium removal. This is largely doethe complexity of the process and the
lime sludge which is continually produced and whiolist be disposed of in the proper
manner (i.e. approved landfill site).

Advantages: Provides softened water, increases pH of the rwated works best with
centralized treatment due to cost.

Disadvantages: Expensive on a small scale, would need treatmeesn at wells that do not
need radium reduction in order to keep consistardress.

3. Reverse Osmosis (RO)

Reverse osmosis effectively removes many inorgeoitaminants, including heavy metals
and radionuclides, such as radium and uranium. &0remove 87 to 98 percent of radium
from drinking water. Similar elimination can be aohed for alpha particle activity and total

beta and photon emitter activity. In this processter containing soluble minerals is pumped
under pressure through a semi-permeable membrahe. RO membrane acts as a filter,
which retains ions and particles in solution on tlegected waterside while permitting

relatively pure water to pass through the membrane.

When using an RO system to remove radionuclidegoimeance depends on a number of
factors, including pH, turbidity, iron/manganesentamt of the raw water, and membrane
type. The pretreatment design depends on the guatitt quantity of the source water.
Existing treatment plants may already provide mofcthe required pretreatment (which the
City does not currently have)—for example, coagaoidfiltration of highly turbid surface
water or iron removal for well waters. RO can bestceffective for small systems. A
drawback of RO softening is the typical loss of Z8% of the water to a brine waste,
thereby, reducing the production from the wellsigher operating costs also include the
generally higher cost from electrical consumptioonf pushing water through the
membranes.

Reverse osmosis is also operated like a softernyisigs is operated. A portion of the water
is bypassed around the membranes to maintain sardedss in the water. This also brings
the concentration of radium safely below the corabiiradium limit. The ratio bypassed can
be altered over time if the radium concentraticréases.

Advantages: Provides softened water, works best with cemtedlitreatment due to cost,
removes all contaminants.
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Disadvantages: Expensive on a small scale, would need treatmesn at wells that do not
need radium reduction in order to keep consistardriiess. May need iron treatment prior to
RO treatment, needs more expertise to operate amttam over long period of time, high
operating cost, large reject water volume.

Technologies for Radionuclide Removal Not Prop@seBAT in 1991

4, Greensand Filtration for Radium Removal

Greensand filtration technology consists of a caotieeal filter box with manganese
greensand replacing the traditional filtration medi To make greensand work, typically a
potassium permanganate feed is required. ThisHehm some manganese dioxide, which
assists with radium removal. Studies indicate titeensand filtration removes up to 56
percent of radium. This process generates wastgtdrntlude sludge and supernatant from
the filter backwash, and eventually the greensaadiamust be disposed of due to built-up
of radioactivity.

Advantages: Relatively simple to operate, can remove irowas.

Disadvantages: Lacks efficiency and tends to accumulate radiwer eime, typically needs
a Hydrous Manganese Oxide (HMO) feed to becomeiefft at radium removal, variable
efficiency at different locations.

5. Preformed Hydrous Manganese Oxide (HMO) Filtraton

Costs for HMO treatment can be quite low, if fitica is already in place (which the City
does not currently have). HMO filtration is similexr oxidation/filtration in its complexity
and the operator skill it requires. Proper HMO feedages must be determined, and if water
guality varies, the dosage must be recalibratede@me proper dose is determined, dosing is
relatively easy. HMO filtration requires simple gguent and is fairly inexpensive. Filters
must be backwashed, which may require intermedigirator skill. Radium containing
wastes include HMO sludge, filter backwash, andgdusupernatant. Anthracite/sand filter
beds and high manganese oxide containing mediaalyita medias) have been shown to
remove radium. The catalytic medias have been shHovwhave higher efficiency at radium
removal, at higher filtration rates, and at lowévi@l feed rates.

Advantages: Can treat only wells that need treatment and ¢méy amount of treatment
needed to bring radium levels safely below limgtnioves iron as well.

Disadvantages: HMO feed is important to keep well mixed to kéeguspension.

6. Co-precipitation of Radium with Barium Sulfate

Adding a soluble barium salt—such as barium chisrido radium and sulfate contaminated
water causes co-precipitation of a highly insolulsldium-containing barium sulfate sludge.
This process has primarily been used for wastewiegatment. Wastewater treatment data
from mining operations indicates that this procesaoves up to 95 percent of the radium.
This process generates wastes that include theinbasulfate precipitate sludge, filter
backwash, and sludge supernatant. This may nas Ipeactical for the low concentrations of
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radium in water or where sulfates are not presetigh concentration such as is the case in
Mason.

Advantages: Targets the radium in the water.

Disadvantages: Difficult to operate on a drinking water soureeyst dispose of radium
containing waste.

7. Radium Selective Media

There are two medias available which are seledtiveadium. One is a zeolite material
offered by Water Remediation Technology (WRT). WHRT system is operated in upflow
design and the radium is captured on the media upflow design does release particulates
from the media and should be followed by a parstaifilter. The media is hauled to a low-
level waste disposal facility when it is saturatedhe other selective media is an ion
selective resin made by DOW called Radium Seled@ieenplexer (RSC). This media is
operated in a downflow mode and it does have dtsbgnsitivity to iron content, which
requires a sequesterant to be used with the procEssh of these also has the issue of
generating radon gas after the media has concedtratlium levels. This could require
either a flush every time the system starts uperse of an air stripper.

Advantages: Targets the radium, eliminates radium from theteater.

Disadvantages: Expensive to operate due to the regular chang®fomedia and disposal
costs, generates radon gas as a byproduct.

8. Central Blending of Well Water

From Table 3 we see that four of Mason’s seven swale below 5pCi/L. A simple
arithmetic mean of the 7 wells’ concentrationsaxfium yields 4.54 pCi/l. By firm capacity
calculation (best well out of service), the arithimenean becomes 5.21 pCi/L.

A more detailed evaluation based upon productieftgach well, discontinued use of Curtis
Street well, and best well out of service indicadtesnding would provide water below 5.0
pCi/L most of the time but would exceed 5.0 pCillridg high flows typically experienced

in July-August.

Discussion with MDEQ indicates that any alternattemsidered for permit issuanb8JST
meet the MCL of 5 pCi/L without exception.

Advantages: Less costly than other treatment tdolres, low O&M.

Disadvantages: Not permissible by MDEQ, Net ¢ostomeowner not significantly
lower than technologies that meet MCL standarthout exception.

9. Selective Blinding of Portions of Existing Wells
Wells pass through several layers of water-beanmagerial, with each layer contributing
different water quality. By testing the radiunvéés in each layer and later sealing off the
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layers containing the highest radium levels, a weilih elevated radium levels could
theoretically be altered to produce significandguced radium levels.

This technology, used to reduce naturally occuralggnents such as Arsenic and Radium, is
relatively new and to date attempts have been wesstul. Vertical permeability appears to
allow water from blinded layers to simply flow aralithe sleeve in the well.

This technology does not appear to be viable ferGity of Mason at this time. However,
as new wells are constructed, experimentationcismenended.

Advantages: Low Cost, Low O&M
Disadvantages: Not successful technology te dat

10. Other Technologies

Some other technologies also are available that ramove radionuclides from drinking
water. However, these technologies have not bdgntésted for drinking water treatment or
have only been used in industrial or experimenitalaons. Examples of processes that
remove radium include adsorption using selectivebesats and non-sodium cation
exchangers (e.g., hydrogen ions and calcium ior@gveral sorbents that are selective for
radium removal from either groundwater were rembitethe past decades. These include
acrylic fibers or resins impregnated with mangangiexide, activated alumina supported
barium sulfate, super clay, and modified zeolitd.able 10 summarizes the different
radionuclide treatment technologies discussed above

TABLE 10. SUMMARY OF RADIUM REMOVAL TECHNOLOGIES AND WASTE DISPOSAL*

| | Radium | |  Radium |
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Item Treatment Removal Type(s) Loaded Appropriate
Process Efficiency of Waste Waste Waste Disposal
lon exchange 95% Backwash & rinse  Brine To sanitary sewer
1. brine
Lime-soda 80-90% Lime sludge and Lime sludge Landfill of sludge
2. softening backwash water
Reverse osmosis 95% Continuous brin€ontinuously Rejected
3a. wastewater rejected wastewater to
wastewater sanitary sewer
Low pressure >93% Continuous brine Continuously Rejected
3b. membrane filter wastewater rejected wastewater to
wastewater sanitary sewer
Manganese 50% Backwash water ~ Solid waste [of Solid waste to
4a. greensand used media landfill
Manganese dioxide  90% No regeneration Used resir Used resin td
4b. | impregnated resin specific landfill site
Preformed HMO | 80-90% Backwash water Backwash To sanitary sewer
5a. Sand/Anthracite water
Preformed HMO | 85-95%* | Backwash water Backwash To sanitary sewer
5b. | Catalytic MEDIA water
Radium Selective 98% May need Used resin Used resin to
7. Complexer Resin periodical specific landfill site
backwashing
Blending Ex. No Radium No Waste
8. Well Water 0%** No waste Removal Disposal
Segmenting EX. No Radium No Waste
9. Wells 0%** No waste Removal Disposal
Aquifer Storage No Radium No Waste
10. and Recovery 0%** No waste Removal Disposal
Other Tech. Acid-| 80-90% Acid rinse Rinse water Wastewater to
11. | washed sand filter wastewater sanitary sewer

* [tem 6. Was Determined to be Not Applicable (pege 30)
**This Alternative will not meet EPA MCL for Radiurand is not evaluated further.

F. Evaluation of Radium Removal Technologies
Each of these technologies will be reviewed for wesll they can be implemented how reliable

they are, infrastructure needed, regulatory issu@gjcal and public acceptance, and operations
and maintenance, and schedule. Each of thesbevilkscribed first and then discussed for each
application.

Reliability:
Adequate quantity, quality and consistency
Source water quality, vulnerability and consistency
Removal efficiency
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Sustainability

Infrastructure:

Regul

Treatment equipment requirements
Wells, pumping and transmission
Integration with your distribution system
Land required

ations/Legal:

Safe Water Drinking Act (SWDA) compliance
MDEQ compliance and permits

Impacts on other natural resources

Liability

Land requirements, zoning, and land use
Other regulations or agreements

Waste disposal

Political/Public Acceptance:

Neighborhood Aesthetics
Home softening impacts
Public perception
Political issues

Operations and Maintenance:

Staffing levels

Residuals handling and wastewater plant impacts
Distribution system operation

Treatment plant operations

Ease of overall operation

Safety and radiation

Schedule:

Time to implement
Ability to phase

In their analysis below, the weighting of thesei€da is assigned as follows:

Criteria Weight

Reliability 100

Regulations/Legal 95
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Political/Public Acceptance 80

Operations and Maintenance 60
Schedule 45
Infrastructure 35

The numerical rating is scaled from 1 to 10 witlheling the worst and 10 being the best.
The weighted scores for each will be tallied at #re to determine which top three
technologies should be considered in a detailed@oa evaluation.

1.

lon Exchange Softening

a) Reliability

Softening is considered to be a very reliable tetbgy for the removal of radium and also
for gross alpha. The USEPA rates it as a BAT teldgy with 90% removal efficiency or

better. This also means that partial softening lvihg the combined radium below 5 pCi/L
and not over soften either. For this reason thtosgss is given a 10 for reliability.

b) Infrastructure

A typical ion exchange system for a well with radiglides requires significant equipment
addition at the well. This would include the aduht of a minimum of two ion exchange
softener vessels which each could treat 100% ofltve A portion of the flow would be
directed around treatment and allow some adjustroktite ratio softened vs. non-softened
in order to treat an increasing radium concentnatiothe inlet if it was necessary in the
future. Another issue is if there is considerdla in the water (which Mason has), it may
be necessary to pre-treat for iron removal to pref@uling of the ion exchange resin.

The softener system requires a brine regenerayisters in order to remove the radium and
hardness for reuse. This includes a salt dissplpity which could be loaded by hand or be
directly dumped into from a bulk truck. Silo arg@ments are also possible where the salt is
pneumatically blown into the silo and brine is gaed in the bottom of the silo.

The brine regeneration and rinse wastes can bbatiged to the sanitary sewer but also may
require a holding tank to spread out the volumeadtewater discharged to the sewer.

All of this equipment also needs a building to muded in. In addition, if softening is
pursued, the wells which are going to be in conmgéafor radium without treatment will
require softening since customers served by theerwatains would want a consistent
hardness in their water or they will not know hoften to regenerate.

Because of the equipment needed and treatmentliattivat do not need radium treatment,
this is given a 4.

c) Regulations/Legal

The EPA lists ion exchange as BAT for radium renh@eait does not require pilot testing.
The Great Lakes Upper Mississippi Rivers Board (MIRB) gives design parameters for
designing for softening so this can be the guidelésign.
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Both the soluble form of the radium waste and tinghdr loading of chlorides to the
wastewater treatment plants can be a concern, ngaudecreased performance in the
wastewater treatment plant.

Since there already is some load of salt from thenén softeners, this would likely be an
increase in salt levels in the waste but not exoggghigh.

Without an apparent issue with salts at the WWME ranking for this is an 8.

d) Political and Public Acceptance

There should not be any major political roadblottkson exchange softening. It is familiar
to most homeowners. There are some customersndnabe on salt restricted diets or have
high blood pressure that would now get higher sodievels in their water.

One drawback is that many homeowners already owatar softener so they feel like they
are being hit twice and want only the hardnessttigt want, not what the city provides. For
this reason, softening is given a 6 rating.

e) Operations and Maintenance

There are several issues with softener systemgs ifitludes maintenance of the salt storage
facilities, regular regeneration, maintenance efrisin to prevent fouling with iron or other
debris, O&M of expanded building, increased eleatruse and chemical handling. For this
reason this is given a 5.

f) Schedule
The additional equipment and building additions| wélquire additional design time. The
lack of the need for a pilot will help. For thesasons this is given an 8.

2. Lime Softening

a) Reliability

The effectiveness of lime softening is reporte®2% and up. Lime softener plants can be
tricky to operate. The best way to lime softertasbring as many wells to one central
location and lime soften there. This means thatettwould be additional raw water pipes
run and considerably more infrastructure neededhurerical rating of 4 was assigned.

b) Infrastructure

One or two large plants would need to be constcuébe lime softening. The additional

water mains to bring water to a central locatiorulddoe costly and time consuming. The
chemical feeds necessary for lime softening are alsre complex to operate. The EPA
recommends that lime softening only be used whemiiies of water greater than 10 MGD
is treated. For this reason, a rating of 3 wadiegp

c) Regulations/Legal

The EPA lists lime softening as BAT for radium rerabso it does not require pilot testing.
This would be similar to implement as comparedoto éxchange softening. Waste disposal
would be more complex with the larger volume ofdisiudge that is generated. The issues
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associated with disposal of the lime to agricultdiglds or to landfill would need to be
determined as well.

A numerical ranking of 5 was assigned to lime suoftg.

d) Political and Public Acceptance

Lime softening creates high quality water that wiobke enjoyed by Mason residents so
acceptance after the fact would be high. The cs#tde addressed later if it makes the top
three. There are higher chemical costs, operaistscand maintenance costs with lime
softening. Since sodium is not an issue and salof used, the sodium in the water is not an
issue and chlorides in the wastewater is also matsue.

A rating of 9 was given because of the high aceeggand quality of the water.

e) Operations and Maintenance

EPA indicates advanced training is needed to opdhas kind of system. A significant
amount of infrastructure would require additionahintenance as well. Since large
guantities of sludge are created, storage and imgndif sludge is also needed. The
additional mains, which bring the water to a cdntoeation, would also need to be
maintained. For this reason this is given a Jati

f) Schedule

While EPA and MDEQ will allow time for implementingplutions, the complexity of the
plant and the design construction schedule wouk# t@nger than for other treatment
methods. A numerical rating of 6 is given to lisadtening.

3. Reverse Osmosis (RO) Softening

a) Reliability

RO softening is USEPA BAT technology with 90% rerabgfficiency or better. This also

means that partial softening can bring the combma€dum level below 5 pCi/L by treating a
percentage of the total flow and bypassing RO i rest of the flow. Since the semi-
permeable membranes also take out other contamsjnamtill also reduce gross alpha, iron
and manganese. Anti-scalants are fed which prepestipitation onto the membrane.
Sometimes acid is fed in addition to improve effimy. |If carbon dioxide needs to be
reduced after the membrane, an aerator is usedniove it after the membranes. It is
possible to treat at each well. This process waaldbly meet the standards. For this
reason this process is given a 9 for reliability.

b) Infrastructure

The infrastructure is slightly more elaborate thahat are needed with ion exchange
softening since there can be multiple chemical See®ince there are wells that do not
require treatment for radium, we would need tottegaall wells to get a consistent water
quality to all consumers.

Because of the equipment needed and treatmentliattivat do not need radium treatment,
this is given a 4.
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c) Regulations/Legal

The EPA lists RO as BAT for radium and for grogzhal removal. However, since there are
issues with RO based on many water quality parasietbere typically is a pilot test
required. Since it is a proven technology, howgwemay be considered an acceptable
treatment method by the MDEQ.

This process does not add chlorides to the sansamer or sodium to the drinking water,
making it more acceptable than softening. Them@nisncrease in some of the natural salts
like calcium, magnesium, chlorides, and sulfateeaaly present in the water. The
membrane rejects water, typically in the range ®2%%, which would create additional
flow to the WWTP and reduce the output of the éxgstvells. This is a drawback.

A numerical ranking of 6 is applied to RO.

d) Political and Public Acceptance
RO will provide high quality water much like limefsening. A similar numerical rating of 9
is applied here.

e) Operations and Maintenance

The EPA indicates that operation of an RO systegnires advanced operator training. RO
also requires electricity for pumps to pump atitfteeased pressure through the membranes.
In addition, the waste volume of membrane rejediewaypically 15-25%, means that the
wells must pump longer and the overall capacitgrmduce water in Mason would decrease.
Thus overall O&M for membranes is considered hidline numerical rating for RO is 3 for
O&M.

f) Schedule

The additional equipment and building additions | wigquire additional design time.
Construction time should be about the same. Tlag be slightly more complex than ion
exchange. For this reason this is given a 7.

4, Greensand Filtration

a) Reliability

Greensand filtration has relatively low radium resmlorates documented if HMO is not
fed. In existing iron and manganese removal plémsremoval efficiency for radium
has been demonstrated at 11-75%. For this reasoistgiven a 6 for reliability.

b) Infrastructure

The infrastructure is a little simpler than a spéeand is similar to an iron filter. The
steps include oxidation, filtration, backwash atatage facilities and building to contain
the equipment.

Because of the simpler equipment than some ofdblenblogies, greensand is given a
numerical value of 7.
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5.

c) Regulations/Legal

The EPA list does not list manganese greensandAdsfBr radium, except for small
systems. A pilot study probably would be requivddch more than likely would apply
to all of the sites. It is similar to iron remoyaants, which are common in Michigan.

A numerical ranking of 6 is applied to manganeszgsand.

d) Political and Public Acceptance

Greensand filtration will remove iron and manganasevell as portions of the radium.
This provides additional benefit to Mason residerg@sce the water will still be hard and
because of the lower radium removal efficiency gsimanganese greensand, this will be
given a 6.

e) Operations and Maintenance

Basic operator training is needed for a greensdtad.f It is also possible to automate
these systems so they are not real operator inensihe addition of chemicals and
potassium permanganate does require some opeteantian. Because of this operator
attention, a numerical rating of 6 is applied to l@&r manganese greensand.

f) Schedule

Filters can be designed and installed relativebilga The potential need for a pilot will
add some time to the process, usually about 3 rsonBor this reason this is given a 7
rating.

Preformed HMO Treatment

The preformed hydrous manganese oxide (HMO) sysgemery similar to manganese
greensand but has higher removal efficiencies amsl groven very reliable for radium
removal up to 80-90% efficiencies depending onpitozess. A chemical feed for the HMO
is the additional component. There is care to mslke that the HMO solution is well
mixed. If catalytic medias are used, the systemaiso be made smaller than conventional
greensand facilities, which may save on the sizkast of some facilities. Since HMO is
so similar to greensand, each will not be discudeetier but are compared in numerical
value below Tablell).

TABLE 11.RATING COMPARISON OF HMO AND GREENSAND FILTERING PROCESSES

Criteria Greensand Filter Rating HMO Filter Rating
1. Reliability 6 9
2. Infrastructure 7 7
3. Regulations/Legal 6 6
4. Political/Public Acceptange 6 7
5. O&M 6 6
6. Schedule 7 7
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6. Co-precipitation of Radium with Barium Sulfate

According to the EPA, this process may only havdiagbility in small systems, where there
are high natural sulfate levels, and where a shaitéiliration train is already in operation.
There are no plants in the US with this technologyrently treating for radium removal.
Thus, this option will not be rated.

7. Radium Adsorption Medias

a) Reliability

Removal efficiencies for both the WRT media and B@W RSC media have been
demonstrated to have excellent removal efficienci&bese are both low liquid waste
discharge systems since they only require a minbaekwash. Usually two tanks are in
series for redundancy as well as efficient usehefmedia. There can be some issues
with iron in the water requiring sequesterants tevpnt media fouling. A numerical
rating of 8 is applied to this process.

b) Infrastructure

The system sizes for the radium selective mediassimilar to greensand filters. The
WRT process does require a very tall filter, 20f ¢a& so, and therefore a taller building
would be required.

Because of the similar design to greensand or H¥i® s given a numerical rating of 7.

c) Regulations/Legal

The EPA list does not list radium selective me@diaBAT for radium. One pilot study

would be required which more than likely would apfa all of the sites. There are also
issues with worker exposure and disposal of lovelleadioactive waste, which will be

worked out with the state of Michigan. Issues w#Rposure, spill procedures,

radioactive safety training, and potential lawsw@iésn occur because of the high profile
nature of the waste and the fact that you concentealium in the media until disposal of
the media. A numerical rating of 4 is appliedddium selective medias.

d) Political and Public Acceptance

The radium selective media will effectively remaaglium and some barium but will not
affect hardness or the iron content of the watArnumerical rating of 5 is given for
radium selective medias.

e) Operations and Maintenance
Since radium selective media systems are minimuckvioash systems, the O&M should
be straightforward. Sequestering the iron mayeogired at some of the wells.

The construction must address worker safety fon lbatect exposure and from radon off
gassing. The removal and hauling of low-level oadtive waste is the biggest issue. A
licensed hauler and a federally approved low-leaglioactive waste site are needed.
These are readily available but require paperwoik @ordination. A numerical rating
of 4 is assigned to this option.
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f) Schedule
Filters can be designed and installed relativebilga The potential need for a pilot will

add some time to the process, usually 3-4 monfhise extra issues with radioactive
waste materials may make the approval process loriger this reason this is given a 5

rating.

G. Summary of the Treatment Technologies
The rating summary of the treatment technologiaswere evaluated can be foundliable 12

TABLE 12. SUMMARY OF TECHNOLOGY RATINGS

Treatment Political/ Time Total | Weighted
Method Reliability | Infrastructure| Legal | Public | O&M | Frame Scorel  Rank
(Weight) (100) (95) (80) (60) (45) (35)

lon Exchange 10 4 8 6 5 8 28.55 2
Lime Softening 4 3 5 9 3 6 19.Y 6
Reverse 9 4 6 9 3 7 | 268 3
Osmosis
Greensand 6 7 6 6 6 7 | 262 4
Filter

HMO Filter 9 7 6 7 6 7 29.8 1
Radium
Selective 8 7 4 5 4 5 24.4 5
Medias

Based on this weighted evaluation, the top threlertelogies to investigate further appear to be:

1. HMO Filter
2. lon Exchange
3. Reverse Osmosis

H. Evaluation of Selected Treatment Options

This section is arranged to present the requesfedmation for the selected alternatives in the
manner necessary for project approval from the MDEQ its funding agency the DWRF. It

will address the two specific areas of improvemeinés were laid out in the introduction section
of this report.

1. Improve the water quality to meet the MCL foditan 226/228:
Reduce the radium 226/228 level to 3-pCi/L or lesthe water supplied by the wells.

Implement processes that will consistently conth@ radium level below the 5-pCi/L
mark for any water demand level.

The treatment alternatives that are currently seemhe most feasible and cost effective are;

HMO filtering, lon exchange, and Reverse Osmosi®)(R Along with these three possible

options is the additional choice of whether poreatment (at the well sites for the HMO filter)

or a centralized treatment location would provige optimal solution for the City’s water issues.
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Thus there are essentially three possible optibas &are currently under consideration (see

Tables 13, 14, & 1%

It is anticipated that the following treatment afi&ives would provide adequate radium 226/228
removal. The lon Exchange and the RO options wbattl provide the municipality-wide water
softening that the City has asked to have studied,they can only be provided with a
centralized treatment methodology.

TABLE 13. ADVANTAGES & DISADVANTAGES OF THE HMO FILTER OPTION

1. Treatment O

tion: HMO Filter

Wellhead Treatment

Treatment at a Ce

ntralized Locaibn

Advantages

Disadvantages

Advantages

Disadvantages

Only the wells
containing radium
above the MCL would
need to be treated

be built to treat the wate

Several treatment
facilities would need to

near to its source

All of the raw water could
be treated using the sam

r treatment schedule

Large investments in th
e City’s infrastructure
would have to be made

e

Would not require a

large expansion of the

existing distribution
network

more trained personnel {

Possibility of needing

oversee the operation 0
each treatment station

Fewer total personnel
owould be required to run
fsingle treatment plant tha

a number of smaller

treatment facilities

Would require extensivg
alengths of new piping tc
n bring water to & from

the treatment facility

Only ~14,600 lin ft of
new pipe would have t
be installed

D

power feeding system t¢

Each treatment unit will
need to have its own

ensure adequate mixing

Only one large power
feeding system will likely
D be needed to control the
) rate of

A large amount of new|
pipe would have to be
installed, ~32,000 lin ft

If catalytic medias are
used it is possible to
shrink the size of the
unit down to a size
compatible with

wellhead treatment

they would be necessar|

Catalytic medias are
quite expensive, and fo
small treatment system

It would not be necessar
r to use catalytic medias i
5 a large centralized syster
y  which would reduce

operating costs

y Mixing units would

1 have to be bigger than

n, they would be for the
smaller wellhead
treatment option
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TABLE 14.ADVANTAGES & DISADVANT

AGES OF THE |ON EXCHANGE OPTION

2. Treatment Option: lon Exchange

Treatment at a Centralized Location (wellhead treatent not applicable)

Advantages

Disadvantages

The USEPA rates lon Exchange as having a 91
efficiency for radium removal at centrally
controlled facilities

b%harge investments in the City’s infrastructure wbu
have to be made

All of the raw water could be treated using the
same treatment methodology

Would require extensive lengths of new piping t
bring water to & from the treatment facility

lon Exchange is better suited to centralized
treatment than wellhead treatment

It will be necessary to remove the iron prior te th
water entering the lon Exchange System

It may be possible to dispose of the backwash w
in the sanitary sewer line

atéwn Exchange softening increases the average d
sodium intake by 200 to 400 mg

aily

Easy to operate, operators only need basic
treatment training

A large amount of new pipe would have to be
installed, ~32,000 lin ft

TABLE 15.ADVANTAGES & DISADVANTAGES OF THE REVERSE OSMOSISOPTION

3. Treatment Opti

on: Reverse Osmosis

Treatment at a Centralized Location (wellhead treament not applicable)

Advantages

Disadvantages

The USEPA rates RO as having a 95% efficien
for radium removal at centrally controlled faciisi

cyLarge investments in the City’s infrastructure wby

have to be made (more than IE)

All of the raw water could be treated using the
same treatment methodology

Would require extensive lengths of new piping t
bring water to & from the treatment facility

RO is better suited to centralized treatment tha
wellhead treatment

N It will be necessary to remove the iron prior te th
water entering the RO System

It may be possible to dispose of the backwash w
in the sanitary sewer line

ater RO creates corrosive water which will require
blending

Easy to operate, if controls are properly design

i

d A large amount of new pipe would have to be

installed, ~32,000 lin ft

I. Infrastructure Investments

All of the possible design options for creating @ev treatment scheme for the City involve
considerable amounts of infrastructure improvemantsinvestments. These improvements
would include such things as new water main limesonnect the wells together, radium
treatment equipment, and the hiring of additionatexr treatment workers to control the new
systems. These are only the direct costs assdaiatie bringing a radium removal system
online, in addition to these costs would be therew costs of easement purchasing, permits,

legal costs and the continued costs of Oper
may be significant depending on the treatm
difficulty of disposing of the radium contami

J. Possible Water Treatment Plant Sites
At this point in the study of Mason’s water
the West Side of the City, near the Frank

atinddviaintenance (O&M). These O&M costs
ent syskat is eventually installed and the
natedatment wastes.

systemo have been evaluated. One is located on
lin Fakwall (#6) and the other is located on the

southeast side of the city, near the Kipp Rd. \iell #7) (seerigure A-3). These sites were
chosen for this evaluation based on the land avisifiain the area.
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K. Infrastructure Cost Estimates
All of the possible scenarios that were selectedgaing to take a significant investment by the
City of Mason in terms of monetary values. Cosisthe proposed project vary between the
three possible options that were presented ab®lie.cost for a Centralized Treatment facility is
based on a plant with 1.5-MGD firm capacity (3.@lpeapacity).

1. Estimated Costs of Pipeline Expansions
The estimated costs associated with the construdiahe additional piping that must be
placed for each of the proposed scenarios are shrowables 16, 17, & 18 As the totals for
the three options indicate the Wellhead Treatmetibo would be the least expensive, with
regard to the additional raw water mains that nigstonstructed. Although the Franklin
Farms Site is less expensive in terms of pipelmestruction costs, the overall cost of this
site may be greater than the Kipp Rd. site sineeGity does not currently own the property
and the surrounding area is zoned for single fanedydences.

Tables 16 & 17are for centralized treatment, whilable 18is for wellhead treatment.

TABLE 16.ESTIMATED CAPITAL COSTS FOR THEWATER MAIN
EXPANSIONS FOR THE FRANKLIN FARMS SITE (WELL #6)

Description of Pay Items Quantity | Unit Unit Costs for Central HMO Filtering, RO,
Cost or lon Exchange Treatment ($)
6 inch CL 52 D.I. Water Main| 1,941 Inft | $50.00 $97,050.00
8 inch CL 52 D.I. Water Main| 9,838 Inft | $65.00 $639,470.00
10 inch CL 52 D.I. Water Main 3,794 Inft| $75.00 $284,550.00
12 inch CL 52 D.l. Water Main 10,993 Inft| $90.00 $989,370.00
Directional Drilling 2,900 In ft varies $297,500.00

Total Capital Costs for the
Water Main Expansions

$2,307,940.00

TABLE 17.ESTIMATED CAPITAL COSTS FOR THEWATER MAIN
EXPANSIONS FOR THE KIPP RD. SITE (WELL #7)

Description of Pay Items Quantity | Unit Unit Costs for Central HMO Filtering, RO,
Cost or lon Exchange Treatment ($)
6 inch CL 52 D.I. Water Main| 1,889 Inft | $50.00 $94,450.00
8 inch CL 52 D.l. Water Main| 10,902 Inft | $65.00 $708,630.00
10 inch CL 52 D.l. Water Main 3,794 Inft | $75.00 $284,550.00
12 inch CL 52 D.l. Water Main 16,763 Inft | $90.00 $1,506,240.00
Directional Drilling 2,750 In ft varies $282,500.00
Total Capital Costs for the
Water Main Expansions $2,876,060.00
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TABLE 18.ESTIMATED CAPITAL COSTS FOR THEWATER MAIN EXPANSIONS FORWELLHEAD TREATMENT

Description of Pay Items Quantity | Unit Unit Costs for Wellhead HMO Filtering or
Cost lon Exchange Treatment ($)
6 inch CL 52 D.I. Water Main| 4,390 Inft | $50.00 $348,550.00
8 inch CL 52 D.I. Water Main| 13,065 Inft | $65.00 $678,015.00
10 inch CL 52 D.l. Water Main 619 Inft | $75.00 $50,400.00
12 inch CL 52 D.l. Water Main 0 Inft | $95.00 $0.00
Directional Drilling 2,600 In ft varies $267,500.00
Total Capital Costs for the
Water Main Expansions $1,344,465.00
2. Estimated Costs of Central Treatment Facility

The estimated costs for the construction of thdraktreatment facility are shown iFable

19. They include the costs to construct the treatrfaaility only, not the costs of operating
the facility. It was assumed for this cost estentdiat the City already owns the property on
which the facility will be placed and the necessatrijties that it will connect to are nearby.

TABLE 19.ESTIMATED CAPITAL COSTS OF THECENTRAL TREATMENT FACILITY *

Description of Pay Items | Quantity Unit Cost AnnualO&M
Central lon Exchange Water
Treatment Plant 1 each $5,136,000.00 $394,000.00
Central HMO Filtration
Water Treatment Plant 1 each $4,158,000.00 $291,500.00
Central RO Water
Treatment Plant 1 each $6,158,000.00 $485,000.00

* See Construction EstimatesAppendix E

3. Estimated Costs of the Wellhead Treatment System

The estimated costs associated with the construcfithe three-wellhead treatment systems
are shownTable 20 Based on the estimated costs shown below théheéael Treatment
systems would be considerably less expensive (msteof capital costs) than the Central

Treatment facility.

TABLE 20.ESTIMATED CAPITAL COSTS OF THE THREE-WELLHEAD TREATMENT SYSTEMS

Description of Pay Items

Quantity

Unit Unit Cost Costin $

Wellhead HMO Filtration Treatment System

3

each | $1,026,000.00 $3,078,000.00

4, Estimated Costs of Additional O&M for the Centrdized Treatment System
The O&M costs for the centralized treatment optians shown inrfable 19 The HMO
option has the least O&M costs associated witlué @ not providing softening.

5. Estimated Costs of Additional O&M for the Wellhead Treatment Facility

The O&M costs of the wellhead treatment alternatiseshown imTable 20. The O&M costs
for this option are less than the centralized optdue to the small size and lesser
requirements of the individual wellhead treatmetetss
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L. Water User Costs

1. Existing Water User Costs

The rate that the City charges for their water Wlincreased by a significant margin with a
treatment plant coming online in the future (Sedle 21.for existing rates). In the Survey
of 2005, the City estimated that a city-wide safgsystem would likely increase the water
rates by 100%, and radium removal alone wouldYiketrease the water rates by 50%. This
caused some public outcry. Considering the semiggss of the situation that would result
from the failure of the City to enact the radiurmival system, the public will hopefully see
the proper treatment of their water supply as ahyanvestment.

TABLE 21.EXISTING WATER RATE STRUCTURE (AVERAGE USER, 2005)

Average Water Rates
Base Rate $5.00
Use Rate (20 Units x $1.69/Unit) $33.80
Capital Improvement (22 Units x $1.00/Unit) $22.00
Meter Charge $1.95
Total $62.75

Courtesy of the Mason Department of Public kgor

2. Water User Rate Increases

With the completion of an ion exchange water treatnsystem, the rates paid by the average
water user are projected to increase as showalite 22 The calculations shown below are
an example of those used to calculated the incr@aseater user rates based on the
Centralized HMO alternative. It should be notedttthe interest rate of 2.125% is an
estimation since the rate is re-evaluated every lygahe MDEQ. A loan repayment period
of 20 years was used for the calculations becauisethhe most common repayment period
used for projects of this type.

Estimated Capital Cost = $7,034,060.00= P
Interest Rate = 2.125%i=

Debt Retirement = 20 years=

Annual O&M Cost = $394,000.00/year

Annual Cost of Debt Retirement = A =R §+i)"
(1#H™1

A = $7,034,060.00 x 0.02125 (1.021%5)
1.021%51

A = $435,386.66/year

User Cost = $435,386.66/year
2,600users x 4 quarters/year

User Cost = $41.86/Qtr. For Debt Retirement
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O&M Cost = $394,000.00/year

Average User = 88,000 gallons per year or 22,000m@per quarter

O&M Cost = $394,000.00/year = $1.79/1,000 gallons
88,000 gal. x 2,600users

O&M Cost/User = ($1.79/1,000 gallons) x 22,000 Qal/ = $39.38/Qtr.

TABLE 22.CHANGES IN WATER RATE STRUCTURE (AVERAGE USER, AFTER PROJECT
COMPLETION )

Average Water Rates
Base Rate $5.00
Use Rate (20 Units x $4.20/Unit) $84.02
Capital Improvement (22 Units x $2.49/Unit) $54.70
Meter Charge $1.95
Total $145.67

*Rate Increase Based on Preliminary Cost Estinfatethe Centralized
lon Exchange Filter Alternative Located at the Kipg. Site

M. Home Water Softening Costs

In order to compare alternatives that soften wtether alternatives that do not, it is necessary
to estimate the cost of softening water at hom&he cost of home softening will then be
subtracted form the softening alternatives to @gi\metter comparison of final user costs for each
alternative.

It should be noted that water softened by the Gitilason (or the City of Lansing) is typically
softened from 20-25 grains per gallon to 7-8 gra@asgallon. This is because water at O grains
per gallon is very corrosive and tends to eat upahpping such as copper plumbing. MDEQ
requires municipalities to control the corrosiveneswater to prevent high copper levels.

Most home water softeners produce 0 grains peomyalater.
In most communities, 7-8 grains per gallon hardrisseken to be “relatively soft”, or soft

enough to allow home owners to discontinue usenafénsofteners. Some people may continue
to soften to O grains per gallon as a personakpeete.
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Home Softener Cost Breakdown

Annual Cost
1. Water Softener ($1,000 Softener over 20 years) $ 50
2. Salt - 1 bag/3 weeks = 17.33 bags/$6@0 iron-out $113
3. Backwash water (10% of water use) - 8,000 ¢&6.88/1000 gal _$ 51
$214/yr.
For a customer using 20,000 gal/quarter (80,G0QQ
Cost is $214/80 = $2.68/1,000 gallons

Round off to $2.50/1,000 gal.

N. Economic Comparison of the Possible Drinking Wadr System Improvements

The Table shown below provides an economic compauds the possible project alternatives all
of the data in the table is based on a future waéenand of 1.5 MGD. For the centralized
treatment facilities the Kipp Rd. site was choseae tb its advantageous location (in a sparsely
populated area).

TABLE 23A. COMPARISON OF PROJECT ALTERNATIVES (2-1/8% INT. RATE)
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HMO Filtration lon Exchange Reverse Purchasing
Osmosis Pretreated Water
LBWL
Centralized Wellhead Centralized| Centralized Not applicable
WTP Project
Cost $4,158,000.00] $3,078,000.00| $5,136,000.00 $6,426,000.00 N/A
Cost of WTP/gal
(1.5 MGD $2.77 $2.05 $3.42 $4.11 $4,000,000
Capacity)
Water Main
Extensions $2,876,060.00] $1,344,465.00| $2,876,060.00| $2,876,060.00 $1,650,000.00
Other
Infrastructure N/A N/A N/A N/A $950,000.00
Improvements
Total Project Cost | $7,034,060.00  $4,422,465.00 $2m60.00| $9,302,060.0 $6,600,000.00
Annual Debt
Servicé $433,556.00 | $272,585.00 $493,836.00 | $573,348.00 $408,500.00
Additional Annual
O&M Cost $291,500.00 | $164,000.00 $394,000.00 | $485,000.00 $500,000.00
Debt Service +
Additional O&M $725,056.00 | $436,585.00 $887,836.00 | $1,058,348.00 $908,500.00
Cost per 1,000
gallons for Debt + $3.30 $1.98 $4.04 $4.81 $4.13 + $2.28 BWE
o&m?
Current Effective
Water Rate/1000 $2.69 $2.69 $2.69 $2.69 $2.69
gal
New Water
Rate/1000 gal $6.03 $4.71 $6.77 $7.54 $6.41
Percent Increase 124% 75% 152% 180% 138%
Current Softener Operating Cosf
Softener Payment $0.90 $0.90 $0.90 $0.90 $0.90
Salt ($/1,000gal) $1.60 $1.60 $1.60 $1.60 $1.60
Subtotal Softener
Cost ($/1,000gal) $2.50 $2.50 $2.50 $2.50 $2.50
Future Softener
Operating Cost $2.50 $2.50 none none none
($/1,000gal)
Current Residentia
Water Cost per $5.19 $5.19 $5.19 $5.19 $5.19
1,000 gallons
New Residential
Water Cost per $8.53 $7.21 $6.77 $7.54 $6.41
1,000 gallons
Percent Increase 64% 39% 30% 45% 24%

1 See Construction Estimates Appendix E - based bB-MGD ADF at the Kipp Rd. site for the centralizWTP option
2 Based on 20 year loan @ 2.125% interest rate
3 Based on 2500 water accounts @ approximately 8&@0yr. usage each
4 Based on August quarterly usage of 22,000 galiaying an average $62,75 water bill/quarter
5 Based on November 20, 2003 FTC&H Feasibility Study

& Provided by BWL

TABLE 23B. COMPARISON OF PROJECT ALTERNATIVES (5-1/8% INT. RATE)
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HMO Filtration lon Exchange Reverse Purchasing
Osmosis Pretreated Water
LBWL
Centralized Wellhead Centralized| Centralized Not applicable
WTP Project
Cost $4,158,000.00] $3,078,000.00| $5,136,000.00 $6,426,000.00 N/A
Cost of WTP/gal
(1.5 MGD $2.77 $2.05 $3.42 $4.11 $4,000,000
Capacity)
Water Main
Extensions $2,876,060.00] $1,344,465.00| $2,876,060.00| $2,876,060.00 $1,650,000.00
Other
Infrastructure N/A N/A N/A N/A $950,000.00
Improvements
Total Project Cost | $7,034,060.00  $4,422,465.00 $2m60.00| $9,302,060.0 $6,600,000.00
Annual Debt
Servicé $566,335.00 | $356,067.00 $645,077.00 | $748,940.00 $531,388.00
Additional Annual
O&M Cost $291,500.00 | $164,000.00 $394,000.00 | $485,000.00 $500,000.00
Debt Service +
Additional O&M $857,835.00 | $520,067.00 | $1,039,080.00] $1,233,940.00 $1,031,390.00
Cost per 1,000
gallons for Debt + $3.90 $2.36 $4.72 $5.61 $4.69 + $2.28 BWE.
o&m?
Current Effective
Water Rate/1000 $2.69 $2.69 $2.69 $2.69 $2.69
gal
New Water
Rate/1000 gal $6.59 $5.05 $7.41 $8.30 $7.38
Percent Increase 145% 88% 175% 209% 174%
Current Softener Operating Cosf
Softener Payment $0.90 $0.90 $0.90 $0.90 $0.90
Salt ($/1,000gal) $1.60 $1.60 $1.60 $1.60 $1.60
Subtotal Softener
Cost ($/1,000gal) $2.50 $2.50 $2.50 $2.50 $2.50
Future Softener
Operating Cost $2.50 $2.50 none none none
($/1,000gal)
Current Residentia
Water Cost per $5.19 $5.19 $5.19 $5.19 $5.19
1,000 gallons
New Residential
Water Cost per $9.09 $7.55 $7.41 $8.30 $7.38
1,000 gallons
Percent Increase 75% 45% 43% 60% 42%

1 See Construction Estimates Appendix E - based bB-MGD ADF at the Kipp Rd. site for the centralizWTP option
2 Based on 20 year loan @ 5.125% interest rate
3 Based on 2500 water accounts @ approximately 8&@0yr. usage each
4 Based on August quarterly usage of 22,000 galiaying an average $62,75 water bill/quarter
5 Based on November 20, 2003 FTC&H Feasibility Study

& Provided by BWL
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SELECTED ALTERNATIVE

Table 23 (A&B) summarizes the costs of the options that have pessented in this report.
It provides a detailed analysis of the added ctusthe City which are over and above the
existing costs. The impact to the water customelisb& in the form of a rate increase to
cover the added debt and O&M costs of a 20-year. |Bates will increase no matter what
selection is chosen, however when considering h@amep softening costs the options
presented illustrate that there is a substantihga to the resident who no longer has to
operate their home softener (estimated $2.50/1@0D g

. Basis of Selection

The City of Mason raw well water averages 23 grainsardness (400 mg/l). This amount is
considered ‘very hard’ by water quality standardss such, the water customers in Mason
have used home softeners to reduce this hardnessdésired level, typically less than 1
grain. The homeowner’s’ softeners typically useisod(Na ") as the exchange ion. Sodium
ions are supplied from dissolved sodium chloridg a#so called brine.

1. Problems caused by hard water

a) Household Cleaning

Hard water interferes with all types of cleaningka Cleaning problems arise when the
cleaning agents do not fully remove dirt and grinf@ver time, clothes washed in hard
water may look dingy and feel harsh and scratcWhite clothing continually washed in
hard water will gradually show a grayish tinge. ligis and glassware washed in
dishwashers using hard water may be spotted wherHard water causes films on glass
shower doors, walls and bathtubs. Hair washed md kater may feel sticky and look
dull. Regular soaps combine with dissolved calcamd magnesium to form soap curds or
soap scum. Soap scum is difficult to remove fronksiand appliances.

b) Household Appliances

Household appliance performance may be affectechdrd water use. When heated,
calcium carbonate and magnesium carbonate are sshfoom the water and produce a
scale buildup in the hot water heater. A largeestalildup slows the heating process and
requires more energy to heat water. Water heatéls large accumulations of mineral
buildup will have shorter life spans. Scale demosilso corrode and plug plumbing
fixtures and accumulate in other appliances affigctineir performance.

It is rare that hardness scale formation is unifaorrhousehold plumbing, for the heaviest
scale usually forms at points of greatest heatstearand at low points in a system. In a
water heater, for example, most scale forms abtdteam where heat is applied, while the
top of the heater tank may show little or no scal@hus, even in hard scale-forming
water, water heaters may show that corrosion hesroed under or through the scale, or
in locations where protective scale has not formed.
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b) Corrosivity

Because the Langlier (calcium saturation) Indebowgered in water that has had calcium
removed, some individuals believe softened watetéomore corrosive; but recent
research by the USEPA indicates thainicipal softening of water via lon Exchange
does not make water more corrosive. Home water softeners on the other hand, are
know to increase the corrosivity of the softenedewaue to the fact that they reduce
hardness levels to less than one gpg.

The USEPA Drinking Water Research Division recesstlydied the non-corrosive effect

of the ion exchange softening process. The stuay for well waters with hardness

levels similar to those of Mason’s with softenimgetxamine any differences between the
hard and softened waters in corrosion rates ardhileg from lead, copper, copper tubing

with 50/50 solder, galvanized pipe, and brass.

The simple replacement of hard water calcium andnmasium with soft water sodium or
potassium has no detrimental effect on water cdintaanaterials. In fact, the non-
scaling characteristics of soft water is a benéfit such pumping and plumbing
appurtenanceslon exchange water softening neither causes nor ctals corrosion.

Table 24is a summary of the problems associated with haate v

TABLE 24. COMPARISON OF HOUSEHOLD WATER QUALITY
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Description Home Softened Water, Municipal Softened | Untreated Well Water

Water
Hardness 1 grain< soft 7-8 grains < relatively | 20-25 grains very hard
soft
Taste Sodium noticeable Noticeably less taste| Dissolved minerals and
than untreated water | metals can be noticeably
tasted
Cleaning Noticeably improved | Noticeably improved | Soaps combine with the

Effectiveness | over very hard water | over very hard water | dissolved minerals
reducing their cleaning

capacity
Corrosivity Highly corrosive to lon Exchange Calcium content al
copper plumbing municipally softened | measured by Langlier

water not considered | Index considers untreated
corrosive by USEPA | well water as highly stabils
and non-corrosive

D

Rust Deposits | Home softener does | Iron to be removed by | Depends on content of

not remove iron oxidation prior to lon dissolved iron in
Exchange groundwater — Mason
does not have a high Iron
content
Affects on Soft water is a benefit| Less impact to Scale formation negatively
Household to household household appliances | affects household
Appliances appliances and and plumbing than appliances and plumbing
plumbing untreated water (e.g. water heater)
Sodium Conterit <200ppm +150ppm +40ppm

!1 grain per gallon = 17ppm hardnes as CaCO
Average Iron content of Mason’s raw well water 6gbm
*Removal of 1-grain of hardness requires the adudiio8ppm of Sodium

2. Softened water is recommended to be provided

As the majority of the water customers in mason goften their water, and as the option of
providing non-softened water to the residents atlgelouble the cost (essentially providing
the same water less iron and radium), it is reconteé to provide the City’s water
customers softened water. Three types of softepmgesses were analyzed in this report
(ion exchange, reverse osmosis, and lime softeniitty) ion exchange being the most cost
effective.

As such, this report clearly indicates that the besoption for the City is the construction

of a new centralized ion exchange water treatmentatility. Table 23A compares the
various treatment options and indicates that wienéhsoftener costs are taken into account,
the centralized ion exchange option results in% 8tcrease over current costs being paid by
the City’s water customers.
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Furthermore ion exchange is a best available tre@itn(BAT) for radium removal with
various studies indicating to have a 95% removétiehcy. Due to the high removal
efficiency of the ion exchange process, by-passirthe treatment units typically takes place
to stabilize the finished water. The resin will ®re the radium and then discharge the
radium to the sanitary sewer through the wasteebdischarge process. The process is
typically run to hardness “breakthrough” (the soéeé water's hardness reaches an

unacceptable level).

A sketch of the basic process is shown below:
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B. Summary

The City of Mason currently has an approximate agerdaily water system demand of 1.0
MGD and a peak demand of 1.5 MGD. As water demanteases, the existing wells will
become increasingly stressed to meet the added ws#e With increased pumping, well
quality will correspondingly decrease. As suchsitécommended that before the City now
construct a water treatment facility that will aglsis short and long-term water quality issues.

If the well quality degrades and/or the MDEQ furthightens drinking water standards, the
City will be able to continue to supply its waterstomers with high quality water. The water
to be supplied will be processed through an iorharge water treatment plant. This is a
common system which due to its simplicity and eafseperation typically is recommended

for new groundwater treatment plants.

The ion exchange system is cost efficient to costdue to the treatment components and
the compact nature of the design. The primary ritneat components are pressurized steel
tanks which are pre-fabricated to fit a partici@pplication. The steel tanks are cost effective
to install and maintain, as the primary maintenaiscie coating system which if properly
maintained will last 20+ years. There are no outdaaks or structures to maintain as the
treatment equipment is installed within a treatnfeaility, further reducing maintenance.

Due to the stability and predictability of the ierchange process, the treatment train can be
highly automated with head losses and finisheddss®s being continuously monitored with
the system automatically backwashing or regeneyatm this way the system can process
water 24 hours a day with limited operator inputickhgreatly benefits supply availability
during peak demand times.

The ion exchange water treatment system:
Provides reliable, softened water on a continu@sssb
Removes radium from the raw water below the fetierahndated limit (MCL)
Is more cost effective to construct and operata tither softening processes
Will allow residents to discontinue their use ohtmsofteners; or continue to use
home softeners at their own discretion at a redgostidue to the supply of soft

water

Can be upgraded in the future to provide additialadly flows; or to meet tightened
drinking water standards more flexibly than a veeipply system

Will treat raw water from future wells that may eed the radium limit, allowing the
City flexibility in acquiring new well sites

Will allow the City to control rate increases iretfuture due to overall efficiency of
the operations and maintenance costs
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V. ENVIRONMENTAL IMPACTS

A. Possible Environmental Impacts of the Project Rin
Throughout the development of this project planiemmental considerations have been a key
criteria used to judge the potential treatment m@shand processes.

1. Impacts of the Construction Phase

It is not foreseen that there will be any signifitaenvironmental impacts from the
construction phase of the project. The majorityhaf impacts from this project are primarily
construction related which will result in relatiyehinor mitigation requirements. These will
be addressed further in the construction documenhi® construction of the additional water
mains and treatment plant(s) will produce the ndnmgacts that are associated with this
type of work; noise, dust, sediment erosion thdltlveive to be controlled by silt fences, etc.

2. Impacts of the Treatment Wastes

The environmental impacts of the operation of treatinent systems will be of greater
significance than the construction phase of thgepto The processing itself will not be an

issue, but the processing wastes will need to ladt eeth in a responsible manner. If the

HMO Filtering or lon Exchange system is implementbe radium 226/228 that is extracted
from the water will concentrate itself somewhatthe backwash water. Therefore these
wastes will have concentrations of radium above water but not high enough to prohibit

sanitary sewer disposal. MDEQ has expressed noeto over the low-level backwash

water going to the WWTP.

B. Mitigation of Possible Environmental Impacts

The environmental impacts that will be incurredotigh the construction and subsequent
operation of the proposed project will be contrblley utilizing existing WWTP processes.
Concentration of radium in sludge should be appnaely the same as before treatment since
no new radium is being created by the filtratiomgass.  Further details concerning the
implementation of these mitigation methods candamd in the next section that deals with the
mitigation measures for every aspect of the project
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VI.  MITIGATION

A. General
Impacts from this project are primarily construntioelated resulting in relatively minor
mitigation requirements, which will be addressedonstruction documents.

B. Short-Term Construction-Related Mitigation

1. Traffic and Safety Control
Traffic detours and signage will be used as requir@&he contractor will be required to
comply with MIOSHA requirements.

2. Dust Control

Contract documents will require that the contraetmploy dust control measures as needed.
These would include water to wet road surfacesgestsweeping, or the use of dust control
chemicals. Soil Erosion and Sedimentation Comtrehsures are required by statute.

3. Noise Control

Work will be restricted to day light hours. Theigs®levels are expected to be normal for
water main construction and are anticipated to &ey \short in duration as water main
construction progresses rapidly.

4, Soil Erosion and Sedimentation Control

Soil erosion and sedimentation control will be reeg for all construction activities. The
contractor will be required to obtain necessaryl wosion control permits form the
authorized agency under the Michigan Soil Erosioth Sedimentation Control Act.

5. Other Mitigation Measures
The contractor will be required to restore all maad vegetation to their original condition.

C. Mitigation of Long-Term Impacts
There are no anticipated long-term impacts frompitogposed project that need to be mitigated.

D. Mitigation of Indirect Impacts

The project does not anticipate indirect impactedingy mitigation. Secondary growth as a
result of this project is not anticipated. Prinaenilands or environmentally sensitive areas will
not be impacted. The City does not anticipate gharin development potential as a result of
this project.
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VII.

PUBLIC PARTICIPATION

A. The Public’'s Response to the Idea of a Treatmer@ystem

In order to gauge the public’s opinions on the ity of implementing a citywide water
softening process, a public survey of the City’'savaustomers was conducted (#gmendix

F). The survey was mailed to approximately 2,520sdftawater customers. Of these 2,520
surveys that were mailed out, 811 were filled cud eeturned (32%). Of the surveys that were
returned 417 (51%) were in support of municipatftened water, 393 (48%) were against the
idea, and 1 (<1%) was undecided.

The respondents to the survey were encouragedrtailesr mail a post card of their comments
to the D.P.W. regarding their reasoning behindrtlecision and to present further discussion on
the matter. Some of the most common comments were:

What kind of time frame is being considered for pineject?

Can the privately owned water softeners be soldaarcustomers get some kind of

compensation for them?

A better explanation/understanding of the wateefear invoice.

Concerns about rising costs, and high taxes.

Prefer to remove the radium, but maintain their ovater softeners; personal control

over the quality of the water at the tap.

Concerns about the rate increases that would acayrthe municipality wide softening

from the residents on fixed incomes.

B. Public Meeting

A public meeting will be held at a time and plabattis determined to be convenient for the
majority of the Mason residents. The purpose & theeting will be to discuss the selected
alternatives and receive public feedback on thet iasnising treatment options. Notice of the
time and place for this public meeting will be pabkibn the City’'s web site, local newspapers,
and an announcement will also be conducted by dbal Inews stations describing the time,
place, and purpose of the meeting. The appropgttte and local authorities will also be
notified of the public meeting and the City of Masufficials will request their participation on
the decision of which treatment method to implement

C. Public Notices

The City of Mason publishes a City Newspaper quigtte Three articles on water treatement
from newsletters are enclosed. In addition, twallnewspaper published an article on the water
system and alternatives being considered. A obplye article is enclosed.

D. Public Hearing on the Proposed Project

After the final selection of the treatment systeas lbeen completed, a public hearing will be
held before the City of Mason will adopt the progagroject plan. Notice of the public hearing

will appear in the local media at least 30 dayoteethe scheduled hearing. To reach a large
portion of the public, the notice will run in thechl newspaper two times before the scheduled
hearing; once 30 days before the hearing, and ajdf days before the scheduled hearing is to
take place. Additionally the hearing notice wi# posted at the City Hall for at least 30 days
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prior to the hearing. The hearing will be scheduht a time and place that is determined to be
convenient for the majority of the Mason residents.

1. The Content of the Public Notice

The public notice that is made prior to the heamnnifjcontain the following information:

- A description of the current state of the City’snfing water, and the problems
associated with it.
A description of the treatment alternatives thaten@nsidered during the evaluation
process.
The estimated costs of the project, both direahgtraiction) and indirect (operation &
maintenance).
Estimated increases in the water rates that amgetido the water users, and the method
that is used to arrive at these rates.
Where and when the public can view the project.plan
The time and place of the scheduled hearing.

Throughout the 45 days leading up to the heariegtiject plan will be available for public
review at a location that is convenient and welbwn to the general public. Copies of the
project plan will be provided to all of the agersciavolved in the project at least 30 days
prior to the public hearing.

E. Public Participation Components in the Project Fan
Following the conclusion of the public hearing ttesults of the public participation will be
bound together with the other project plan documerithe public participation documents that
must be included in the bound project plan are:
An official public hearing transcript, that was written by the appropriate party. In
addition, or in place of this written document an aidio recording of the entire
hearing may be included.
A copy of the public notice and an affidavit of fighation.
A typed list of the public hearing attendees aradrtaddresses.
A typed list of the local and state agencies whueirged notice of the hearing.
A written copy of the written comments receivedidgrthe public notice period.
A written copy of the results obtained from theyGitwater softening survey, along with
written copies of any public comments received essalt of that survey.
A written copy of the water supplier's (D.P.W.'®&sponses to testimony and comments.
A written copy of the municipal water supplier's.EDW.’s) resolution to adopt the plan
and its selected alternative.
It will be vitally important to include the affeatgoublic as well as the appropriate state and local
agencies throughout the development of this prpjeasin the problem evaluation phase to the
implementation phase, and finally operations pludiske project.
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VIII.

TRANSMISSION/DISTRIBUTION MAIN IMPROVEMENTS

Mason’s water distribution system consists of awvoek of 4, 6, 8, and 12 inch diameter
watermains. In order to enhance the reliable lsuppwater during high flow periods (hot
summer days, fires, etc.) the City has, over masrs, been constructing a circle or loop of
12” watermain around the perimeter of the City.

The recent construction of Temple Street from Kigpad to Ash Street (M-36) included 12
inch watermain and nearly completed the 12 inclplooThe only pieces remaining for the
loop to be completed are:

1. A short stretch in Rayner Ponds subdivision thanscipated to be completed in
the next 2-3 years.

2. The stretch of watermain in Temple Street betwesh Atreet and Columbia
Street (currently 6” diameter).

The portion of the loop in Rayner Ponds will bedofair by the developer, with the City paying
for the difference between 8 and 12 inch diametanm

The portion of the loop in Temple Street shouldcbmpleted as part of this project. Currently
the Temple Street area has the lowest fire flowsha City, which equates to the lowest
pressures when the water system is experiencingflugs. A main break in Columbia Street
or Ash Street during high flows could result in ggeres at the east edge of the City
approaching the minimum safe level of 20 psi. @lation of the 12 inch main in Temple
Street will assure that under high flows the systéghreliably provide safe water pressures.

A second area of the distribution system that megustrengthening to enhance reliability is the
portion of the City west of US-127.
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Appendix A - Drawings of Project Area

Figure A-1: Well Map

Figure A-2: Current Service Area

Figure A-3: Infrastructure Improvements for Central ized Treatment
Figure A-4: Infrastructure Improvements for Wellhead Treatment
Figure A-5: Zoning Map

Figure A-6: Future Land Use Map

Figure A-7: Interconnections to Outside Water Provders
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Appendix B — Growth Projections & Census Data
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Appendix C - Well Characteristics
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Table of Basic Well Characteristics

Rated Actual
Well Designation Capacity | Capacity | Head Depth Horsepower Status
Park St. Well (#1) 500 gpm 350 gpm 165 |ft 49 fi {0 Active
Curtis St. Well (#2) 200 gpm 150 gpm 300 fft 27214t 30 hp Standby
Howell Rd. Well (#3) | 300 gpm 250 gpm 165 ft 2401t 40 hp Standby
Hayes Park Well (#4)] 300 gpm 350 gpm 290 f 199 ft 40 hp Active
West Ash St. Well (#5) 250 gpm 250 gpm 290|ft 270f 30 hp Active
Franklin Well (#6) 500 gpm 500 gpm 282 ft 340 fi (50 Active
Kipp Rd. Well (#7) N/A 350 gpm N/A 293 ft N/A Aate
Total Capacity 2200 gpm
Firm Capacity 1700 gpm
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Pump Curves and Related Data
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Appendix D - Water Quality Data
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Appendix E — Water Treatment Plant Layouts/Cost
Estimates/Net Present Worth Analysis

Figure E-1: Site Plan for Centralized WTP

Figure E-2: Site Plan for Wellhead WTPs

Figure E-3: Iron Removal/lon Exchange Facility PlanView (Centralized)
Figure E-4: Reverse Osmosis Facility Plan View (Ceralized)

Figure E-5: HMO Filtration Facility Plan View (Cent ralized)

Figure E-6: Horizontal Pressure Filter

Figure E-7: Vertical Pressure Filter

Figure E-8: Small Vertical Pressure Filter for Wellhead Treatment
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Appendix F — Public Survey Results
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Appendix G — City of Mason Water Reliability Study
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Appendix H — Public Participation
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