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Comprehensive Performance Evaluation
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Concentration and Contact Time product, or Concentration x Contact

Time
Comprehensive Water Master Plan

Disinfectants and Disinfection Byproducts Rule
Disinfection Byproduct
dichlorodiphenyltrichloroethane
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Endocrine Disruptor
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Filter Backwash Recycle Rule
Food and Drug Administration
flavor profile analysis

granular activated carbon

haloacetic acid
hydraulic retention time

Information Collection Rule
initial distribution system evaluation
Interim Enhanced Surface Water Treatment Rule

low-pressure high-output

location running annual average

Stage 1 Long-Term Enhanced Surface Water Treatment Rule
Stage 2 Long-Term Enhanced Surface Water Treatment Rule

maximum contaminant levels

maximum contaminant level goal

Michigan Department of Environmental Quality
million gallons per day

2-methylisoborneol

medium-pressure

maximum residual disinfectant level
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NSDWR
NTU
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PAC
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PPCP

ppd
PSW

RAA
RED

SCD
SDWA
SOpP
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TCR
THM
TOC
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UPS
USEPA
uv
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UvT

WTP
WWTP

Needs Assessment Study

National Pollutant Discharge Elimination System
National Secondary Drinking Water Regulations
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Operations and Maintenance

powdered activated carbon
Polychlorinated Biphenyl

Pharmaceutical and Personal Care Product
pounds per day

Partnership for Safe Water

running annual average
reduced equivalent dose

streaming current detector
Safe Drinking Water Act
standard operating procedure
Surface Water Treatment Rule

taste and odor

Total Coliform Rule
trihalomethane
total organic carbon
total trihalomethane

uninterruptible power supply

U.S. Environmental Protection Agency
ultraviolet

USEPA’s UV Guidance Manual
ultraviolet transmittance

water treatment plant
wastewater treatment plant



SECTION 1

1 Introduction

1.1 Background

DWSD obtains drinking water from two sources on the Detroit River and one source on
Lake Huron. The water is treated by five water treatment plants (WTPs) and distributed
through over 700 miles of transmission main to nearly 4 million people in the City of Detroit
and in 125 surrounding communities.

The Water Quality Management Plan develops strategies for improving water quality from
the source to the customer’s tap.

1.2 Objectives

The Water Quality Management Plan has five major tasks:
* Source of Supply. Develop strategies to protect the quality of the source of supply.

*  Water Treatment Plants. Develop requirements for major treatment plant
improvements over the planning period, and within the current configuration of the five
treatment plants.

*  Water Plant Operations Benchmarking. Evaluate the water plant operations with respect
to maintenance, staffing, and management by benchmarking with other similar utilities.

*  Water Plant Laboratory Facilities. Perform a comprehensive review of DWSD
laboratory operations. The focus is on analytical services, lab facilities, management and
organizational structure, and information systems.

* Transmission System Water Quality. Assess water quality within the transmission
system, including the reservoirs, and evaluate operational measures to maintain water
quality that meets or exceeds regulatory requirements.

This report covers the WTPs and the Transmission System Water Quality tasks. The Source
of Supply, Water Plant Operations Benchmarking, and the Water Plant Laboratory Facilities
will all be issued in separate reports.

1.3 Related Studies and Reports

DWSD has completed many engineering studies and design projects for its five WIPs over
the past few years for the purpose of replacing aging infrastructure and improving water
quality and WTP performance. The following projects were particularly helpful in
providing background information and guidance to master planning of the DWSD WTPs.

» Safe Drinking Water Act Response Program — Contract CS-1171 (1995)
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Ozone Conceptual Design Project — Contract CS-1171 (1997)

Corrosion Control Study — Contract CS-1171 (1997)

Taste and Odor Investigations — CS-1222 (2001)

Water Treatment Plant Residuals Handling and Disposal — Contract CS-1305 (ongoing)
Springwells Water Treatment Plant Needs Assessment —Contract CS-1304 (2002)
Southwest Water Treatment Plant Needs Assessment— Contract CS-1304 (2003)
Northeast Water Treatment Plant Needs Assessment— Contract CS 1291 (2002)
Finished Water Reservoir Rehabilitation — Contract DWS-823 (ongoing)

Partnership for Safe Water Self-Assessment Completion Reports for Northeast,
Southwest WTPs (both in-house studies), and Lake Huron WTP (by consultant)

Pilot Plant Study for Springwells, Southwest, and Northeast WTPs — Contract
1304/ Task 20 (2003)

The Comprehensive Water Master plan (CWMP) team relied on the DWSD studies cited
above to identify, evaluate, and prioritize near-term treatment process needs for the DWSD
WTPs, as discussed below:

Safe Drinking Water Act Response Program. This report established finished water
quality goals for the DWSD WTPs and provided a preliminary assessment of the
capability of the plants to meet water quality and WTP performance goals. The water
quality goals have been updated under the CWMP, as discussed in Section 2.3.1. The
treatment process assessments for the Springwells, Northeast, and Southwest WTPs
have been updated and evaluated in more detail under the Needs Assessment contracts.
Consequently, this report was used in conjunction with the Needs Assessment reports to
identify process upgrades for the CWMP.

Partnership for Safe Water Self-Assessment Studies. Under Phase I of the American
Water Works Association’s (AWWA) voluntary Partnership for Safe Water (PSW)
program, DWSD’s in-house PSW team prepared self-assessment reports for the
Northeast and Southwest WIPs. The assessment report for the Lake Huron WTP was
done by a consultant. As part of the self-assessment, a major unit process evaluation was
completed for each plant, which established a maximum treatment capacity for each
unit process, based on process basin dimensions, assigned loading rates, and contact
times. This information was used by the CWMP team as a starting point for establishing
the reliable process capacity of all five DWSD WTDPs, as discussed in Section 2.3.4.

Ozone Conceptual Design. This report provided preliminary design criteria and
conceptual layouts for upgrading four out of five DWSD WTPs with intermediate
ozonation for primary disinfection (the new Water Works Park Il WIP was designed
with intermediate ozone so was not included in the study). The design information was
used as a starting point for evaluating advanced disinfection alternatives for meeting a
Cryptosporidium-based disinfection goal for the DWSD WTPs, as discussed in Section 2.6.
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Corrosion Control Study. This report summarized the evaluations and pipe-loop testing
conducted to reduce lead levels in DWSD tap water for compliance with the
Lead/Copper Rule. This report formed the basis for adding phosphoric acid storage and
feed facilities at all DWSD WTPs.

Taste and Odor Study. This laboratory and pilot plant study evaluated powdered
activated carbon (PAC), ozone, and advanced oxidation (ozone/hydrogen peroxide)
process alternatives for taste and odor (T&O) control. The study concluded that ozone
oxidation at a dose of up to 2.0 mg/L was the most reliable and cost-effective long-term
treatment alternative for controlling typical T&Os for the four DWSD WTPs treating
water from the Detroit River.

Water Treatment Plant Backwash and Residuals Handling and Disposal Program
Management Contract. This contract provides conceptual design and program
management services for design-build construction projects for implementing backwash
treatment and discharge, and onsite residual sludge collection and dewatering facilities at
the Northeast, Southwest, Springwells, and Lake Huron WTPs. Under this program,
DWSD plans to install continuous sludge removal capabilities to all sedimentation basins
(except for Lake Huron WTP), and add onsite dewatering facilities at its three in-town
plants (Northeast, Springwells, and Southwest) and to upgrade the existing sludge drying
bed dewatering system at Lake Huron. The project on Springwells WTP is currently on
hold due to the numerous proposed projects of the pretreatment trains at the plant. Water
Works Park II is equipped with the onsite residual management capability. The
preliminary design criteria, and plant siting requirements identified under the residuals
handling program management contract were used to forecast residuals handling
requirements for the 50-year master plan period.

Needs Assessment Studies for Springwells, Northeast, and Southwest WTPs. These
studies were the primary source of information for upgrading existing facilities at the
Springwells, Northeast, and Southwest WTPs. The objective of these studies was to identify
process, mechanical, architectural, structural, and instrumentation system deficiencies and
recommend a 10-year prioritized capital improvements program (CIP) to remedy them. The
recommendations for major process and pumping improvements under the Needs
Assessment studies (NASs) are included as “near-term” improvements under the CWMP.

Finished Water Reservoir Rehabilitation. The focus of this work will include the
rehabilitation of 16 reservoirs. These tanks range in capacity from 4 to 20 million gallons,
with the average size being 10 million gallons. Thirteen of these reservoirs are
constructed of concrete and the remaining three are steel. Generally, the improvements
recommended for the concrete reservoirs will include repair of cracks by means of
chemical grout injection, addition of roof membranes, and repair of damaged concrete
by shotcrete. Repairs for the steel reservoirs will include repair or replacement of rusted
structural members, and installation of reservoir liners on the interior of the tanks. The
reservoir improvements will also include modification of inlet and outlet locations to
promote water quality and addition of pump motors.

Pilot Plant Study for Springwells, Southwest, and Northeast Water Plants. The focus
of this work was to develop the basis of design for future improvements to the
Springwells, Southwest, and Northeast WTPs. Some specific objectives include
determining criteria to increase the reliable rated capacity of each of the three WTPs;
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evaluating the effects of coagulant aid polymer usage on primary coagulant dose and
settling performance; evaluating production and water quality from various filter media
configuration at different loading rates during cold and warm water testing; evaluating
the effects of pre- and intermediate ozonation on pre-treatment and filter performance;
among others.

Additionally, these studies included contact time and disinfectant concentration (CT) studies
at the Lake Huron and Northeast WTPs. Similar study was also attempted at Springwells but
was not completed due to the complex conditions at the plant. The purpose of the studies was
to present findings, recommendations, and conclusions regarding the need for CT studies to
be completed and baffle walls to be installed or modified at the three WTPs.

1.4 Report Organization

This report is organized in sections by major task as follows:

* Section 1. Introduction

* Section 2. Water Treatment Plants

* Section 3. Distribution System Water Quality Management
* Section 4. Water Plant Laboratory Facilities



SECTION 2

2 Water Treatment Plants

2.1 Introduction

This section presents the results of the master planning of DWSD’s five WIPs —Springwells,
Northeast, Southwest, Lake Huron, and the new Water Works Park II WTP —to meet water
production requirements and water quality goals reliably and cost-effectively over the
50-year planning period. The water production requirements are based on meeting
maximum-day demands in Detroit’s service area.

The water quality goals form the basis for future improvements to the water plants. Water
quality goals were developed in collaboration with DWSD, the CWMP team, and the Needs
Assessment consulting teams working on the Springwells, Northeast, and Southwest WTPs.

The recommended capital improvements for the DWSD WTPs build upon other DWSD water
plant projects completed or underway. A detailed discussion is provided on the development

of an integrated disinfection strategy for meeting DWSD’s disinfection and T&O water quality
goals. Finally, a 50-year prioritized CIP is presented for each treatment plant.

2.2 Water Treatment Plant Master Planning Approach

The master planning of the DWSD WTPs builds upon the significant amount of planning
and design work already completed to date by other DWSD projects. The treatment process
evaluations, cost estimates, and recommendations for capital improvements presented
herein are generally consistent with related work completed by others. The critical master
planning issues for the WTPs, and related sources of information, are noted below.

* Finished water quality goals. Near- and long-term finished water quality goals for the
DWSD WTPs were developed by the CWMP team with input from DWSD and the
Needs Assessment consultants, as discussed in Section 2.3.1.

*  WTP design capacity requirements. The design capacity requirements of the five
DWSD WTPs were determined by the CWMP team based on a distribution system
analysis of maximum-day demands over the 50-year master planning period. These
requirements are discussed in Section 2.4.

*  WTP process capacity analysis. A process capacity rating analysis for the existing
DWSD WTPs, and for recommended upgrades and capacity expansions, was performed
using a “major unit process performance” assessment, similar to the methodology used
in the PSW self-assessment studies.

* Integrated disinfection strategy. An integrated disinfection strategy using chlorine,
ozone, and ultraviolet (UV) light to meet DWSD’s long-term disinfection and T&O water
quality goals is presented in Section 2.6.

21
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Plant residuals and dewatering. DWSD is proceeding with a design-build construction
program for providing filter backwash water treatment and onsite dewatering facilities
for the Northeast and Southwest WTPs. Lake Huron WTP filter backwash treatment and
sludge lagoon expansion activities are currently ongoing and will be completed by 2004.
In addition, mechanical sludge collection from the sedimentation will be added for the
Northeast and Southwest WTPs. Decisions on the Springwells WTP have been deferred
until the proposed pretreatment upgrades under the NAS are finalized. The new Water
Works Park IT WTP has also been designed with these facilities. The existing system-
wide plant residuals strategy is summarized in this report.

Water Works Park II WTP. Master planning work for the Water Works Park II WTP was
limited to an evaluation of the capability of the intermediate ozone system to meet a
Cryptosporidium-based disinfection goal, since disinfection regulatory requirements have
changed since the plant was designed. The plant is designed with appropriate chemical
feed systems for corrosion control and an onsite residuals dewatering facility, consistent
with recommendations of previous DWSD studies.

Near-term capital improvements. The near-term capital improvements presented herein for
the Springwells, Northeast, and Southwest WIPs are generally based on the 10-year CIP
recommended under the NASs for these plants. All process and pumping upgrades
recommended from these studies are included in the CIPs for individual WTPs in this section.

Long-term capital improvements. The recommended long-term capital improvements
(10 to 50 years) for all DWSD WTPs are based on the capacity expansion requirements
for the Lake Huron WTP to meet future system demands and an allowance for major
equipment replacement and treatment process upgrades to meet the long-term water
quality goals discussed in Section 2.3.

2.3 Water Quality

The purpose of this section is to:

Summarize finished water quality goals for the near- and longer-term
Summarize the current water quality status and treatment performance
Summarize Safe Drinking Water Act (SDWA) regulations

Summarize PSW results

2.3.1 Water Quality Goals

Drinking water quality is an important focus for DWSD. The CWMP team met with DWSD
water quality and water production managers numerous times to discuss and set drinking
water quality goals. The CWMP team coordinated with the Needs Assessment teams,
resulting in consistent water quality goals for the WTP improvements. In some cases,
DWSD's goals exceed federal and state regulations for drinking water quality. In other
cases, DWSD established goals that are not yet required by regulations, but meet customer
desires for drinking water aesthetics.

2-2
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2.3.1.1 Near-Term Water Quality Goal

The near-term (10-year) water quality goals are summarized in Table 2-1A. The following
major issues drove recommended water system improvements:

Particulate Removal. DWSD has adopted a filtered water turbidity goal of 0.1 NTU,
which is three times more stringent than regulations. Consistently meeting this goal
drives improvements to all particle removal processes, including rapid mixing,
flocculation, settling, and filtration.

Disinfection. DWSD has adopted disinfection goals for Giardia, viruses, and
Cryptosporidium that are more stringent than current regulations. This drives
improvements to disinfection systems including chlorine, ozone, and UV light.
Additional disinfection improvements include more effective chlorine contact time, and
shorter water age in the distribution system.

Disinfection Byproducts. DWSD disinfection byproduct (DBP) goals for total
trihalomethanes (TTHM) and HAA are twice as stringent as regulations. DWSD source
water is naturally low in the organic precursors for these byproducts, so major treatment
improvements are not necessary. The addition of ozone and UV will provide flexibility
to meet potentially more stringent regulations in the future.

Taste and Odor. DWSD adopted a goal for no objectionable T&O in the drinking water.
The addition of ozone will assist with meeting this goal while contributing to
disinfection goals as well.

Inorganics. Lead is the only inorganic element DWSD has had regulatory issues with,
but the phosphoric acid facilities reduced lead levels to less than half the regulatory
limit. DWSD has adopted a voluntary aluminum goal. Coagulation facility upgrades
such as better mixing, use of polymers, and improved storage and feed equipment will
assist in meeting this goal.

2.3.1.2 Long-Term Water Quality Goal

Long-term (10- to 50-year) water quality goals are summarized in Table 2-1B. Based on the
direction of future regulations and source water quality, the following areas may drive
future, long-term WTP improvements:

Particle Removal. If particle removal requirements are significantly increased, DWSD
may consider membranes or other future new technologies for enhanced particle removal.

Disinfection. The multi-barrier disinfection system of chlorine, ozone, and UV is very
effective for the known microbial contaminants. If new microbes resistant to these
disinfectants are discovered and regulated, DWSD may be considering future new
disinfection technology.

Disinfection Byproducts. The discovery and regulation of new DBP, or significantly
reducing the known DBP levels, could also create the need to consider future new
disinfection technology. Enhanced removal of organic DBP precursor material may also
be pursued.

2-3
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TABLE 2-1A
Near-Term DWSD Finished Water Quality Goals (0 to 10 Years)

Water Quality Parameter

(Federal Regulation) SDWA Requirement

DWSD Goal

Comments

<0.3NTU in 95% of combined filter effluent
samples taken each month. Measurements are
taken at 4 hours interval

Filtered Water Turbidity
(Interim ESWTR)

Maximum 1 NTU in combined filtered effluent

<0.1 NTU in 95% of combined
filter effluent samples taken each
month

DWSD goal is same as PSW goal

<0.5 NTU in individual filters after 4 hours of
continuous operation (based on 2
consecutive measurements taken 15 min.
apart)

<1 NTU in individual filters at any time
(based on 2 consecutive measurements
taken 15 minutes apart)

< 0.3 NTU in individual filters
after 4 hours of continuous
operation

<1 NTU in individual filters at any

time

Individual filter performance goals intended to avoid filter profiling, self-
assessment and CPE filter studies required under the Interim ESWTR

PSW: Partnership for Safe Water

CPE: Comprehensive Performance Evaluation
NTU: nephelometric turbidity units

ESWTR: Enhanced Surface Water Treatment Rule

Filtered Water Particle
Counts (None)

None

Minimize particles

Maintain particle counts at
baseline level to ensure steady
state operation

A numerical goal is still preferred for particles >2um, but must be based on
plant specific particle count data

Plant staff are concerned about the reliability of particle count
measurements, since the sensor can not be calibrated on site by plant staff

For reference, Milwaukee has a goal for combined effluent at <20 /mL
(>2um), and individual filter effluent of <50/mL. Erie County, NY sets goal at
certain percentage higher than the 95th percentile of the monthly particle
count level

Microbials (Interim and
LT2 ESWTR)

2-log Giardia removal/inactivation
4-log virus removalfinactivation
2-log Cryptosporidium removal by filtration

0 to 2.5-log additional Cryptosporidium
inactivation based on source water
occurrence

Zero Giardia, virus,
Cryptosporidium in finished water

Qualify for up to 3.5-log credit for
Cryptosporidium removal by
filtration by achieving < 0.15 NTU
in 95% of filtered water samples

DWSD goal is consistent with MCLG for microbial contaminants
Filter credits for Cryptosporidium removal discussed in LT2 ESWTR
LT2 ESWTR: Long-Term 2 Enhanced Surface Water Treatment Rule
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TABLE 2-1A
Near-Term DWSD Finished Water Quality Goals (0 to 10 Years)

Water Quality Parameter

(Federal Regulation) SDWA Requirement DWSD Goal Comments
Primary Disinfection >0.5-log Giardia inactivation(conventional) ~ >1.5 inactivation ratio for Giardia Inactivation ratio = actual CT/required CT.
(Interim and Long Term 2., 0-log Giardia inactivation(direct filtration) mactivation Required CT values for Giardia and viruses were established under the
ESWTR) = SWTR

=2.0-log virus inactivation
>1.0 inactivation ratio

Cryptosporidium disinfection based on
source water occurrence (LT2 ESWTR)

>2-log virus inactivation

>1-log inactivation of

Cryptosporidium*

Virus inactivation goal is met by providing >1.5 Giardia inactivation ratio

Disinfection requirements for Cryptosporidium will be based on CT tables
for ozone and IT tables for UV disinfection currently being developed by
EPA.

*LT2 ESWTR provides a number of ways to achieve Cryptosporidium
removal/inactivation credit beyond disinfection in the “toolbox”.

CT: Concentration x Time
IT: Irradiance x Time

Total Coliforms Rule <5% monthly samples positive
(TCR)

<5% monthly samples positive

TCR: Total Coliform Rule

Chlorine residual at entry >0.2 mg/L
to distribution system
(Stage | D/DBPR) <4mglL

Level necessary to maintain > 0.2 Typical chlorine residual leaving DWSD plants is 1 to 1.5 mg/L.

mg/L at entry points to wholesale
customer systems, and >0.2
mg/L at ends of DWSD
distribution system

As system continues to expand, re-chlorination by some wholesaler
customers may be required.

D/DBPR: Disinfectant and Disinfection Byproduct Rule

Chlorine residual within  Detectable in >95% of monthly samples
distribution system
(SWTR)

>0.1 mg/L in 100% of monthly

samples

0.1 mg/L is the MDEQ approved field test detection limit
>96% of monthly sampling results have detectable residuals

2-5



2—WATER TREATMENT PLANTS

TABLE 2-1A

Near-Term DWSD Finished Water Quality Goals (0 to 10 Years)

Water Quality Parameter

(Federal Regulation) SDWA Requirement DWSD Goal Comments
Disinfection Byproducts  TTHM < 80 ppb TTHM < 40 ppb DWSD goal is less than MCL because it is achievable and positions DWSD
(Stage | D/DBPR) HAAS < 60 ppb HAAS < 30 ppb for the future. Meeting this goal also avoids DBP profiling, bench/pilot

Bromate < 10 ppb

Bromate < 10 ppb

testing, and enhanced coagulation under Stage | D/DBPR

Stage | compliance monitoring is based on running annual average of
quarterly sample averages. Stage Il compliance will be based on location
running annual average (LRAA) for specific sampling sites to be identified
under initial distribution system evaluation

DWSD DBP goals will be revisited, when LRAA data becomes available
TTHM: total trihalomethanes
HAAS5: sum of 5 haloacetic acids

TOC (Stage | D/DBP
rule)

<2.0 mg/L to avoid enhanced coagulation

<2.0 mg/L

Goal is achievable since average source water TOC typically < 2 mg/L

Color (NSDWR) <15 true color units <5 true color units NSDWR: National Secondary Drinking Water Regulation

Taste and Odor <3 TON <1 TON, No objectionable odor ~ DWSD measures TON routinely

(NSDWR) Flavor profile panel run occasionally
TON: Threshold Odor Number

Lead (LCR) <0.0015 mg/L in 90th percentile <0.0015 mg/L in 90th percentile  LCR: Lead and Copper Rule

Copper (LCR) <1.3 mg/L in 90th percentile <1.3 mg/L in 90th percentile LCR: Lead and Copper Rule

Orthophosphate (None) None, but must meet lead action levelsat > 1 mg/L (as POa) MDEQ treatment technique requirement, based on review of system-wide

the tap lead corrosion control study results

pH (NSDWR) 6.5t08.5 70t07.9 MDEQ treatment technique requirement to optimize phosphate for lead
corrosion control

Aluminum (NSDWR) 0.05t0 0.2 mg/L <0.2 mg/L in finished water Upper end of NSDWR standard

Goal may be reduced following plant upgrades to coagulation process

2-6
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TABLE 2-1B

Long-Term DWSD Finished Water Quality Goals (10 to 50 Years)

Water Quality Category Potential Trend

DWSD Response

Comments

Particle Removal Increased particle removal

Prepare for enhanced filtration or membranes

Microbials
organisms with varied

removal/inactivation requirements

Additional regulated pathogens and new

Maintain and strengthen multiple barriers.

Prepare for multiple disinfection barriers as well.

Enhanced particle removal
(above) is part of the response.

Ozone, UV or emerging
disinfectants may be needed.

Disinfection Byproducts

regulated

Lower levels/limits on specific species
(i.e., brominated THMs), new byproducts

Review and research alternative disinfectants and
combinations of disinfectants.

Disinfectant research must
coordinate microbial inactivation,
byproducts, and impacts on other
water treatment processes.

Organics
for DBP control.

Removal of synthetic organics
(pesticides, herbicides, industrial

compounds, endocrine disruptors, algal
toxins, other trace level chemicals).

Additional removal of natural organics

Prepare for processes to remove natural and synthetic
organic compounds.

Develop monitoring programs for determining
contaminants occurrence level.

Keep abreast of new regulations and research findings on
contaminants health risks, control measures

Organic removal requirements
may be driven by stricter
regulations or degrading source
water quality, and/or by new
research findings on the toxicity of
the chemicals.

Distribution System

Increased monitoring and regulations on
water quality in the distribution system.

Use best management practices for distribution system
water quality including water age minimization, flushing,
cross connection control, biological stability, disinfection,
corrosion control and pipe maintenance/replacement.

Optimize treatment processes or evaluate alternatives
(e.g., minimizing BDOC and AOC) to improve finished
water biological stability

BDOC: Biological dissolved
organic carbon

AOC: Assimilable organic carbon

Incorporate such components into
DWSD'’s monitoring program for
baseline and trend monitoring

Sensitive Subpopulations More stringent water quality requirements
for sensitive subpopulations (old, young,

immune compromised)

Optimize items above and evaluate alternative treatment
and delivery systems.

Source Water Protection Source Water Protection and involvement
in the regional Watershed Management
program will become an integral part of

the WQ management plan

Monitor the regulation and guidelines, study the watershed,
and involve the stakeholders. Review and implement the
recommendations of the Source Water Protection task
report under this Master Plan effort.
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* Organics. Depending on source water quality, DWSD may be considering methods for
enhanced organics removal such as granular activated carbon (GAC) or new technologies.
Issues such as endocrine disruptors (EDCs), algal toxins, or accidental spills may drive
more organic removal technologies.

* Distribution System Water Quality. Future regulations on tap water quality may drive
improvements to the storage and piping systems.

* Sensitive Subpopulations. People with sensitive immune systems, such as the very young,
old, or immune compromised, may drive more stringent drinking water regulations.

* Source Water Protection. The U.S Environmental Protection Agency (USEPA) embraces
a watershed approach to better address water quality problems. Such an approach,
which focuses multi-stakeholder efforts within hydrologically defined boundaries to
protect and restore aquatic resources and ecosystems, offers the most cost-effective
opportunity to tackle today’s challenges. A watershed or “place-based” approach is one
of the most important watershed protection concepts, where communities, neighbor to
neighbor, can engage, educate, and persuade one another in a mutual quest for shared
goals of having uncompromised drinking water. DWSD can be a major beneficiary from
implementing a source water protection program within its three intake watershed
areas. Such efforts by multi-agencies, multi-stakeholders, and the general public will
ensure an efficient and economical means of protecting the source water and producing
the best drinking water for millions of DWSD customers in Southeast Michigan.

Depending on future trends, new treatment processes or water treatment and distribution
facilities could be added for high purity drinking water only.

2.3.2 Current Water Quality and Performance Status

This section summarizes the water quality performances of the DWSD’s five W1Ps:
Northeast, Northwest, Lake Huron, Springwells, Southwest, and Water Works Parks.

WTP water quality performances examined include the 1-year (1999) turbidity in raw,
settled, and 4-hour filtered data, raw water total organic carbon (TOC), trihalomethanes
(THMs)/HAAs, UVas4, Giardia/ Cryptosporidium occurrence in Detroit River (comparing
DWSD ICR and Windsor sampling results), and T&O monitoring results. The 1-year
monitoring data of 1999 was the most updated information when the analysis was
conducted under this project. There have been no significant water quality changes for raw
and finished water at any DWSD WTP since 1999; therefore, the following water quality
information is still representative of the current raw and finished water quality that can be
used for master plan discussion purposes.

The Detroit River source water has low turbidity and TOC levels. The Lake Huron source
water has even better water quality in general. All five DWSD WTPs meet the finished
water turbidity and DBP regulations. DWSD has CIP projects planned to renovate the filters
at the Springwells and Southwest WTPs, and flocculators and sedimentation basins at the
Northeast WTP. These improvements should allow DWSD to reliably meet its filtered water
turbidity goals well into this 50-year planning period.
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2.3.21

Individual Wastewater Treatment Plant Turbidity

The daily turbidity data from 1999 in the raw, settled, and 4-hour filtered data obtained

were plotted for each WTP.

Southwest WTP. Figure 2-1 shows the raw, settled (or applied), and filtered water turbidities
at the Southwest WTP. Table 2-2 presents the percentile values of the turbidity distributions.

FIGURE 241

Southwest Water Treatment Plant Raw, Settled, and Filtered Water Turbidities
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TABLE 2-2
Southwest Water Treatment Plant Turbidity (in NTU) Percentile Distribution
Percentile of Turbidity Value
50" 75" 90" 95" 96" 97" 9g™" 99"  Avg. Min.  Max.
Raw 6.8 12 25 35 37 43 51 68 11 1.5 103
Settled 0.90 1.3 1.7 1.8 1.9 1.9 1.9 2.1 0.99 0.40 29
Filtered 0.09 0.10 0.13 0.14 0.14 0.14 0.15 0.16 0.09 0.06 0.23
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Northeast WTP. Figure 2-2 shows the raw, settled (or applied), and filtered water turbidities
at the Northeast WTP. Table 2-3 presents the percentile values of the turbidity distributions.

FIGURE 2-2
Northeast Water Treatment Plant Turbidity
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TABLE 2-3

Northeast Water Treatment Plant Turbidity (in NTU) Percentile Distribution

Percentile of Turbidity Value

50" 75" 9o™" 95t 96" o7 9g™" 99"  Avg. Min.  Max.

Raw 6.5 8 12 17 26 29 32 49 8.1 1.2 69
Settled 2.9 3.5 4.2 4.7 5.1 5.4 6.2 7.8 3.1 1.2 9.5
Filtered 0.06 0.07 0.08 0.09 0.09 0.09 0.10 0.12 0.06 0.03 0.24
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Lake Huron WTP. Figure 2-3 shows the raw, settled (or applied), and filtered water
turbidities at the Lake Huron WTP. Table 2-4 presents the percentile values of the turbidity
distributions.

FIGURE 2-3

Lake Huron Water Treatment Plant Turbidity

N
o

0.20

-
»
I
T

Raw and Settled Water (NTU)
o

Raw 4&——

——p Filtered

+ 0.16

+0.12

Filtered Daily Average Water (NTU)

8 | ‘ +0.08
| [ 4
4 - Settle - 0.04
0 1 1 1 1 1 1 1 1 1 1 1 0.00
» (o] (o] (o] » [} [} (e} [} D (o] (o]
o @ 9 o o @ o o 2 2 o Q
S 8§ 5 § 5 % fF 5 5 5 T &
‘ ——Raw ——Settled Filtered Daily Average
TABLE 24
Lake Huron Water Treatment Plant Turbidity (in NTU) Percentile Distribution
Percentile of Turbidity Value
50" 75" 9o™" 95" 96" o7™" og™" 99"  Avg. Min. Max.
Raw 1.0 1.9 3.8 5.5 6.3 7.0 8.2 9.7 1.7 0.25 18
Settled 0.55 0.9 1.3 1.7 1.8 1.8 2.0 2.7 0.72 0.30 3.7
Filtered 0.06 0.07 0.08 0.09 0.10 0.10 0.10 0.11 0.06 0.04 0.19
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Water Works Park WTP. Figure 2-4 shows the raw, settled (or applied), and filtered water
turbidities at the Water Works Park WTP. Table 2-5 presents the percentile values of the
turbidity distributions.

FIGURE 2-4
Water Works Park Treatment Plant Turbidity
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TABLE 2-5

Water Works Park Water Treatment Plant Turbidity (in NTU) Percentile Distribution

Percentile of Turbidity Value

50" 75" 90" 95" 96" 97™  98™ 99" Avg. Min. Max.

Raw 6.0 8.0 12 19 20 26 33 51 7.9 1.3 71
Settled 1.0 1.3 1.6 1.8 1.9 2.1 23 25 1.1 0.5 3.0
Filtered 0.06 0.07 0.08 0.09 0.10 0.10 0.11 0.12 0.06 0.03 0.21
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Springwells WTP. Figures 2-5 and 2-6 show the raw, settled (or applied), and filtered water
turbidities at the Springwells WTP, at both the 1956 and 1930 trains. Table 2-6 presents the
percentile values of the turbidity distributions.

FIGURE 2-5
Springwells Water Treatment Plant Turbidity: 1956 Train
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FIGURE 2-6
Springwells Water Treatment Plant Turbidity: 1930 Train
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TABLE 2-6
Springwells Water Treatment Plant Turbidity (in NTU) Percentile Distribution

Percentile of Turbidity Value
50" 75" 90™ 95" 96™ 97" 98™ 99" Avg. Min. Max.

Raw 6.2 8.6 12 17 20 25 32 52 8.0 1.3 74
Settled, New 1.2 1.4 1.8 2.1 22 23 2.5 26 1.2 0.5 6.5
Filtered, New 0.0 009 01 012 013 013 0.14 017 0.08 0.03 0.20
Settled, Old 1.6 2.0 25 29 3.1 3.4 4.5 8.6 1.8 0.7 22
Filtered, Old 009 011 013 015 015 015 016 019 010 0.03 0.23

The above data show that filtered turbidity at all five WTP met the regulation requirement
of the combined filter turbidity of less than 0.3 NTU 95 percent of the time. Three plants
(Northeast, Lake Huron, and Water Works Park) also met the DWSD goal of having treated
turbidity less than 0.1 NTU 95 percent of the time.

2.3.2.2 Summary of the Turbidity of the Five Water Treatment Plants

Raw Water Turbidity. Figure 2-7 plots the raw water turbidities at all five plants during 1999.
Three plants (Water Works Park, Northeast, and Springwells) that share the same intake
(Belle Isle) have the same turbidity profiles.

It shows that Lake Huron raw water, which is drawn from the intake in Lake Huron, has the
lowest turbidity. Southwest WTP, which draws water from the Fighting Island intake in the
Detroit River, has the highest turbidity.

FIGURE 2-7
Raw Water Turbidities at Three Intakes
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Another way to compare the turbidities at three intakes is through the Box-and-Whisker
plot (Figure 2-8). Table 2-7 also shows the statistics of the mean and median values of the
raw water turbidities in 1999.

The results confirm that the Lake Huron intake has the lowest mean and maximum raw
water turbidities among the three DWSD intakes. Raw water from the Fighting Island intake
has slightly higher mean and maximum turbidities than those of the raw water drawn from
the Belle Isle intake. These two intakes are both situated in the Detroit River, and Fighting
Island is about 8 miles down stream of the Belle Isle intake.

FIGURE 2-8
Comparison of Raw Water Turbidities at Three Intakes
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Note: The low and upper edges of the box represent 25th and 75th percentiles, while the middle cross line
represents the 50th percentile of the monitored concentrations. The notch represents the 95-percent confidence
interval of the median value. The two whiskers represent the minimum and maximum, excluding the outliers. The
asterisks and circles represent the outliers and far outliers that are defined as beyond 1.5 times and 3 times of
the length of the box (the difference between 25th and 75th percentile values), respectively. The cross within the
diamond represents the mean of the data and the edges of the diamond represent the 95-percent confidence
estimation of the mean value. The long vertical line outside of the diamond represents the 95-percent confidence
range of the data distribution.
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TABLE 2-7

Statistics of the Mean and Median Turbidities (in NTU) of Raw Water from Three Intakes

n Mean 95% CI of Mean
Lake Huron - Raw 365 1.2 1.11t01.3
Belle Isle - Raw 335 6.1 571t06.5
Fighting Island - Raw 365 7.8 7.2t08.5

n Median 95% CI of Median
Lake Huron - Raw 365 1.0 0.95t0 1.1
Belle Isle - Raw 335 6.0 56t06.4
Fighting Island - Raw 365 6.8 6.1t07.3

Settled Water Turbidity. Figure 2-9 plots the settled water (or applied) turbidities at all five
plants during 1999. Northeast WTP has the highest settled water turbidity profile, while

Lake Huron has the lowest.

FIGURE 2-9
Settled Water Turbidities at Five Water Plants
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Comparisons can also be viewed from the Box-and-Whisker plot (Figures 2-10a and 2-10b).
The Springwells Old Train (also referred to as 1930 Train) has the highest turbidity spike in
its settled water, and the Northeast has the second highest.

Figure 2-10b has a smaller y-axis scale than Figure 2-10a; therefore, it does not show any
turbidity spike points higher than 5 NTU, but it does allow better visual comparison of the
mean turbidities. Lake Huron has the lowest settled water turbidity, while Southwest,
Northeast, and Springwells New Train (also referred to as 1958 Train) have similar mean
settled water turbidities.

Table 2-8 also shows the statistics of the mean and median values of the settled water
turbidities in 1999.

FIGURE 2-10A
Comparison of Settled Water Turbidities at Five Water Plants
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Note: see footnote under Figure 2-8 for further instructions on how to read the Box-and-Whisker Plot

FIGURE 2-10B
Comparison of Settled Water Turbidities at Five Water Plants (Different Y-scale)
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TABLE 2-8
Statistics of the Mean and Median Turbidities (in NTU) of Settled Water from Five Water Plants

n Mean 95% CI of Mean
Southwest 365 1.0 0.95t0 1.0
Northeast 365 3.1 3.0t03.2
Lake Huron 365 0.72 0.67 t0 0.77
Water Works Park 335 1.1 1.1t01.1
Springwells (New, or 1958) 355 1.2 1.2t01.3
Springwells (Old, or 1930) 293 1.8 1.6t02.0

n Median 95% CI of Median
Southwest 365 0.90 0.80 to 0.90
Northeast 365 29 2910 3.1
Lake Huron 365 0.55 0.50 to 0.60
Water Works Park 335 1.0 1.0to 1.1
Springwells (New, or 1958) 355 1.2 1.1t01.2
Springwells (Old, or 1930) 293 1.6 1.5t01.6

Finished (Filtered) Water Turbidity. Figure 2-11 plots the filtered turbidities at all five plants
during 1999. All filtered turbidity profiles are pretty good and are below the 0.3 NTU
regulatory requirement (at least 95 percent of the time) 100 percent of the time in 1999.

FIGURE 2-11
Finished Water Turbidities at Five Water Plants
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Figure 2-12, a Box-and-Whisker graph, compares the performances of the five plants in
more details. Lake Huron, Northeast, and Water Works Park WTPs have the lowest mean
filtered water turbidities, while Southwest and Springwells WTPs have slightly higher

filtered water turbidities.

FIGURE 2-12

Comparison of Filtered Water Turbidities at Five Water Plants
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Note: see footnote under Figure 2-8 for further instructions on how to read the Box-and-Whisker Plot

Table 2-9 also shows the statistics of the mean and median values of the filtered water turbidities

in 1999.

TABLE 2-9

Statistics of the Mean and Median Turbidities (in NTU) of Finished Water from Five Water Plants

n Mean 95% CI of Mean
Southwest 365 0.09 0.09 t0 0.10
Northeast 365 0.06 0.06 to 0.06
Lake Huron 365 0.06 0.06 to 0.06
Water Works Park 305 0.06 0.06 to 0.07
Springwells (New, 1958) 355 0.08 0.07 t0 0.08
Springwells (Old, 1930) 293 0.10 0.09 to 0.10
n Median 95% ClI of Median
Southwest 365 0.09 0.09 to 0.09
Northeast 365 0.06 0.06 to 0.06
Lake Huron 365 0.06 0.05 to 0.06
Water Works Park 305 0.06 0.06 to 0.06
Springwells (New, 1958) 355 0.07 0.07 to 0.08
Springwells (Old, 1930) 293 0.09 0.09 to 0.10
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Turbidity in Raw, Settled, and Filtered Water from Five Water Treatment Plants. Figure 2-13
shows a combined view of the turbidity removal performance at the five DWSD WTPs.

The raw water turbidities from all WTPs ranged from less than 0.3 NTU to over 100 NTU,
with a mean of 4.5 NTU in 1999. The settled water turbidities were lowered to 0.3 NTU to
20 NTU, with a mean of 1.2 NTU. The filtered water turbidities were from 0.03 NTU to
0.25 NTU, with a mean of 0.07 NTU.

FIGURE 2-13
Five-Plant Combined Raw, Settled, and Filtered Water Turbidities in 1999
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Note: see footnote under Figure 2-8 for further instructions on how to read the Box-and-Whisker Plot
Table 2-10 also shows the statistics of the mean and median values of the five-plant

combined raw, settled, and filtered turbidities in 1999.

TABLE 2-10
Statistics of the Mean and Median Turbidities (in NTU) of Raw, Settled, and Finished Water from Five Water Plants

n Mean 95% CI of Mean
Raw 1611 4.5 43t04.7
Settled 1894 1.2 1.2t01.3
Filtered 2038 0.07 0.070 to 0.072
n Median 95% CI of Median
Raw 1611 5.3 521t05.6
Settled 1894 1.2 1.2t01.3
Filtered 2038 0.07 0.068 to 0.070

Overall, DWSD WTPs have an excellent turbidity removal performance, with the mean
filtered water turbidity of 0.07 NTU, and maximum filtered turbidity of 0.25 NTU, which is
lower than the regulatory requirement of less than 0.3 NTU (for 95 percent of the time). As
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discussed above, with the coming CIP projects planned to renovate the Springwells WTP
and Southwest Filters, Northeast flocculators, and sedimentation basins, DWSD is well
positioned to reliably meet its filtered water turbidity goals at all five WTPs well into the 50-
year planning period.

2.3.2.3 Total Organic Carbon and UV,
The monthly TOC data from 2001 in the source and treated water are plotted for each WTP.

The most complete data were collected for the Information Collection Request (ICR)
(USEPA Information Collection Rule) from July 1997 to December 1998 by the DWSD.

Raw Water Total Organic Carbon and UV254 at the Three Intakes. Figures 2-14 through 2-16
show the UV254 and TOC monitoring results for the three intakes.

FIGURE 2-14
Raw Water Total Organic Carbon and UV2s4 at the Belle Isle Intake
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FIGURE 2-15
Raw Water Total Organic Carbon and UV2s4 at the Fighting Island Intake

3.0 0.09

2.5 A
— 20 A +0.06 <
.|
? R /0\‘\ E:,
E 15 —e-TOC \’/‘\0—0\‘ 5
(&) n
o ~0—UV254 ]
1.0 + 003 3

0.5 A

0.0 0

1/1/98
2/1/98
3/1/98
4/1/98
5/1/98
6/1/98
7/1/98
8/1/98
9/1/98
10/1/98
11/1/98
12/1/98

2-21



2—WATER TREATMENT PLANTS

FIGURE 2-16

Raw Water Total Organic Carbon and UV2s4 at the Lake Huron Intake
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Raw water from the Belle Isle and Fighting Island intakes (both are on the Detroit River) have
similar TOC and UVas values, from 1.5 to 2.5 mg/L for TOC, and from 0.02 to 0.06 cm* for UVos,.
Raw water at Lake Huron has the lowest TOC (1.5 to 2.0 mg/L) and UVas; (around 0.02 cm?).

Overall, raw waters from all DWSD intakes have relatively low TOC and UV2s4, an
indication of high quality source water with respect to the background organics, which also
means the low DBP precursor levels.

Finished Water Total Organic Carbon and UVzs From All Five Plants. Figures 2-17 and 2-18
depict the finished water TOC and UV254 quarterly monitoring results of all five WTPs.

FIGURE 2-17

Finished Water Total Organic Carbon (mg/L) at All Five Water Plants
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FIGURE 2-18
Finished Water UV2s4 (cm'") at All Five Water Plants
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There is some degree of TOC removal, and higher removal of UV2s, at all five plants, mostly due
to the alum addition. Note that the finished water TOC levels at all five plants are below the 2.0
mg/L trigger level for the enhanced coagulation requirement.

2.3.2.4 Total Trihalomethanes

Two years worth of the quarterly finished water TTHM data (1999-2000) from four different
sampling locations are plotted in Figured 2-19 and 2-20. All monitoring results were below
the maximum contaminant levels (MCLs) of 80 pg/L and DWSD water quality goal of 40
pg/L. Having finished water TTHMSs below 40 pg/L also avoids DBP profiling, bench/pilot
testing, and enhanced coagulation under the Stage 1 D/DBPR.

FIGURE 2-19
Summary of the Total Trihalomethanes from the Five Water Treatment Plants in 2000
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Figures 2-20 and 2-21 depict the TTHMs sampling results that belong to each plant’s service
areas.

FIGURE 2-20
Summary of the Distribution System Total Trihalomethanes from the Five Water Treatment Plants in 1999
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FIGURE 2-21
Summary of the Distribution System Total Trihalomethanes from the Five Water Treatment Plants in 2000
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2.3.2.5 HAAS (Sum of Five Haloacetic Acids).

Quarterly HAAS data over 2 years (1999-2000), from different four sampling locations, are
available for each plant (Figures 2-22 and 2-23). HAAD5 is the sum of five HAAs.
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FIGURE 2-22
Summary of the Distribution System Haloacetic Acids from the Five Water Treatment Plants in 2000
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FIGURE 2-23

Summary of the Distribution System Haloacetic Acids from the Five Water Treatment Plants in 1999
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Under the draft Stage 2 D/DBP rule, DWSD may fulfill the IDSE (Initial Distribution System
Evaluation) requirement by obtaining 40/30 certification from MDEQ. To obtain such
certification, all compliance samples must have been less than or equal to 0.040 mg/L for
TTHM and 0.030 mg/L for HAAS5. Samples must be in compliance with Stage 1 requirements.
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DWSD is currently meeting all DBP regulations, and is expected to meet the Stage 1 Long-Term
Enhanced Surface Water Treatment Rule (LT1 ESWTR). Stage 1 compliance monitoring is based
on the running annual average (RAA) of quarterly sample averages. Stage 2 compliance will be
based on location running annual average (LRAA) for specific sampling sites to be identified
under initial distribution system evaluations (IDSEs). DWSD DBP goals will be revisited when
LRAA data becomes available, and there is no data to foresee compliance at this moment.

2.3.2.6 Giardia and Cryptosporidium

Giardia and Cryptosporidium samples were taken from each intake monthly during the 18-month
(July 1997 to December 1998) ICR sampling period. All samples were shown below detection.
The detection limits for both Giardia and Cryptosporidium ranged from 10/100 L to 48/100L.

For reference only, we also present the Windsor WTP (Ontario, Canada) data, which is more
upstream of the Belle Isle intake and on the Canadian side of the river. The Windsor WTP
intake is known to have more wastewater and combined sewer overflow (CSO) discharges
upstream than the two DWSD intakes on the Detroit River. The Fighting Island intake does
situate below the DWSD WWTP discharge and numerous CSO outlets along the U.S. side of
the Detroit river. The Fighting Island intake, however, is located on the Canadian side of the
river and is separated from the U.S. side water by the deeper and faster flowing Navigation
Channel. It is noted that the sampling following an wet event is not required by the USEPA
or local regulatory agencies; however, it may represent a worst case scenario in general.

The other noticeable difference is that Windsor samples were all taken after a wet weather
event, so sample results had the influence of the stormwater runoff and CSO. In contrast, the
DWSD sampling effort was not specifically targeted to the wet weather. It is recommended
that DWSD includes some wet-weather sampling events for this purpose as well.

TABLE 2-11
Positive Cryptosporidium Monitoring Results at the Windsor (Ontario) WTP

Date Giardia Cryptosporidium Weather Conditions
2/11/1998 264 cysts/100L ND Rain
2/25/1999 ND 16 oocysts/100L Rain-Storm
4/26/1999 ND 485 oocysts/100L Rain-Storm
3/20/2000 ND 602 oocysts/100L Rain
2/21/2001 337 cysts/100L ND Rain

Note: Weather Condition: Rain or Storm during sampling day or 1-2 days before sampling; analysis was
conducted by GAP EnviroMicrobial Services Inc., London, Ontario, Canada.

2.3.2.7 Tastes and Odors

This section presents the T&O monitoring results on raw water, finished water, and distribution
system samples. Note that all data presented (mostly in 1995 and 1996) here are from the
(CS-1222 study report. DWSD has not experienced any significant T&O episodes since then.

Raw Water Tastes and Odors. Figures 2-24 and 2-25 show the results on three main odors
(earthy, musty, and fishy) detected during 1995 routine monitoring on samples taken from Belle
Isle and Fighting Island. The results show that raw waters of both intakes had predominant
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fishy odors during fall/winter. Earthy odor was more dominant at the Southwest WTP’s raw
water during spring/summer. The Water Works Park WTP’s raw water had higher odor
intensities than the Southwest WTP raw water in general.

FIGURES 2-24 AND 2-25
Raw Water Flavor Profile Analysis Results for Water Works Park and Southwest Water Treatment Plants
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Note: N/A indicates no FPA was performed on that day; while blank space indicates none of the above three
odors were detected by more than 50 percent of the panelists.

Source: DWSD CS-1222 Study Report “Investigations of Drinking Water Tastes and Odors at Four Detroit Water
Plants” Tetra Tech MPS, 2001

Lake Huron intake has much fewer T&O episodes than the other two DWSD intakes.
Limited Flavor Profile Analysis (FPA) was performed on the raw water from the other three
WTPs: Northeast, Springwells, and Lake Huron WTPs.

Finished Water Tastes and Odors. Figures 2-26a through 2-26d show the odor FPA results on
finished water samples for four WIPs during 1995. As expected, chlorinous was the
dominant odor. Earthy and musty are the main odors detected in finished water. A fishy
odor was also detected in rare cases.
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FIGURES 2-26A THROUGH 2-26D
Finished Water Odor Flavor Profile Analysis Monitoring Results in 1995
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Source: DWSD CS-1222 Study Report: Investigation of Tastes and Odors at DWSD’s Water Treatment Plants,

2001, Tetra Tech MPS
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FIGURE 2-27
Taste Flavor Profile Analysis Results for Water Works Park and Southwest Water Treatment Plants, 1996-1997
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Source: DWSD CS-1222 Study Report Investigation of Tastes and Odors at DWSD’s Water Treatment Plants,
2001, Tetra Tech MPS

Chemical Odorant Analysis. Customers mainly complained of earthy and musty odors
complained. A low geosmin concentration was found during a mild event in late October of
1997. Table 2-12 summarizes the analytical results.

TABLE 2-12
T&O Event Monitoring During a 1997 Episode (10/30/97)

Time Sample Location Geosmin ng/L
9:06 WWP Raw 7.9

9:05 WWP Tap 8.6
10:30 Lake Huron Raw nd

10:30 Lake Huron Tap 7.4

9:40 Northeast Raw 9.7

9:35 Northeast Tap 9.6

8:40 Springwells Raw 9.4

8:55 Springwells Tap 9.2

10:51 Brownstown Twp. #1 Twp. Hall 13.2
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TABLE 2-12

T&O Event Monitoring During a 1997 Episode (10/30/97)
Time Sample Location Geosmin ng/L
9:00 K-Mart #4 11100 Telegraph ND
12:00 Sterling Heights City Hall 12.7
11:00 Dearborn Hgts. #5 Telegraph 15.8
12:00 Imlay City reservoir valve 7.4

More detailed T&O monitoring and treatment study findings can be found in DWSD study
report CS-1222: Investigation of Tastes and Odors at DIWWSD’s Water Treatment Plants (2001).

2.3.3 Drinking Water Regulatory Impact Assessment

In 1994, four technical memorandums were developed to help DWSD plan for future SDWA
issues. The project was “DWSD’s Safe Drinking Water Act Response Plan” (part of CS-1171).

The 1994 SDWA Response Plan stated that DWSD was in compliance with all drinking water
regulations, but listed several water quality concerns for the future, including;:

* Particulate removal

* Primary disinfection

* Microbial integrity in the distribution system
* DBP control

* Lead levels at customer tap

« T&O

Many of the recommendations in the SDWA Response Plan have been implemented or
planned, such as:

» Treating or eliminating backwash recycle at Southwest and Lake Huron

* Improving rapid mixing and flocculation

* Rehabilitating filters (media, underdrains, controls, valves)

* Adding phosphoric acid for lead corrosion control

* Adding ozone at the Water Works Park WTP for enhanced disinfection and T&O control

As a result of these and other improvements, drinking water quality has improved. A few
examples are:

» Finished water turbidity decreased to below 0.1 NTU most of the time. This was a result
of DWSD’s PSW efforts and improvements to treatment facilities.

* Lead levels at the tap have decreased dramatically (from about 23 ppb at the 90th
percentile to 6 ppb) as a result of adding phosphoric acid (about 1 mg/L
orthophosphate) based on the lead corrosion control project.

2.3.3.1 Safe Drinking Water Act Regulations

Drinking water regulations have changed significantly since DWSD’s SDWA Response Plan
was done. A summary of the current SDWA regulations can be found in Appendix A. This
section summarizes the major SDWA regulatory changes that will impact DWSD facilities in
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the next 10 years. Future trends in water quality regulations beyond 10 years are discussed
under Section 2.3.1. (Water Quality Goals)

Interim Enhanced Surface Water Treatment Rule. The Interim Enhanced Surface Water
Treatment Rule (IESWTR) was promulgated in December 1998. The rule builds upon the
provisions of the Surface Water Treatment Rule (SWTR), and provides improved public
health protection against Cryptosporidium and addresses risk tradeoffs with DBPs.

The IESWTR amends the SWTR to include a maximum contaminant level goal (MCLG) of
zero for Cryptosporidium, a 2-log Cryptosporidium removal requirement for filtration systems,
more stringent filter effluent turbidity standards, disinfection benchmarking provisions, and
requirements for sanitary surveys.

The IESWTR requires certain utilities to evaluate their disinfection practices by preparing a
disinfection profile. This requirement is intended to ensure that disinfection is not
compromised by changes implemented to control DBP formation. Systems that have an
RAA TTHMs or HAAS concentration greater than 80 percent of the MCLs for those
compounds (64 pg/L TTHMs or 48 pg/L HAAD) are required to produce a disinfection
profile. DWSD’s TTHM and HAA levels are below this threshold, so disinfection profiling is
not required.

The major impact of the IESWTR for DWSD is improved particle removal. This is being
accomplished by PSW efforts and improvements to the coagulation, flocculation, settling,
and filtration facilities.

Long-Term 1 and 2 Enhanced Surface Water Treatment Rules. The LT1 ESWTR was published
in January 2001. The purpose of the LT1 ESWTR and LT2 ESWTR is to build upon the
provisions of the IESWTR for better protection of the public health and risks posed by
Cryptosporidium and other pathogens. Major components of these regulations include:

*  Monitoring for Cryptosporidium and E. Coli in source water (for 2 years)
* Additional removal or inactivation of Cryptosporidium based on the source water level as
shown in Table 2-13 below

TABLE 2-13
LT1 ESWTR Cryptosporidium Log Inactivation Requirement
Cysts in Source Water (#/L) Additional Log Removal (inactivation) *
<0.075 No action
>0.075 and <1.0 1
>1.0 and <3.0° 2
>3° 25

2 Treatment in addition to filtration
b At least 1-log is required by inactivation

Previous sampling has indicated low to non-detect levels of Cryptosporidium in DWSD’s
source waters. However, occurrence of this pathogen is sporadic and influenced by weather
and other factors. If future sampling shows higher levels, DWSD has several plans in place
that may comply with this rule, including:

* Continuing enhanced filtration operations to achieve the 0.1 NTU level
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* Advancing to Level 4 in PSW (which is the highest level of PSW achievement. Upon the
completion of Phase 4 PSW, the utility will be recognized for “Excellence in Water
Treatment” by the PSW Performance Evaluation Assessment Committee)

* Installing UV in all plants for Cryptosporidium inactivation (plus ozone for T&O control)

Filter Backwash Rule. The Filter Backwash Recycle Rule (FBRR) is a regulation for filtered
surface water suppliers that recycle part or all of the filter backwash or dewatering
supernatant. The main objective of the FBRR is to improve performance at filtration plants
by reducing the opportunity for recycle practices to adversely affect plant performance in a
way that would allow microbes such as Cryptosporidium to pass through into finished
drinking water.

The FBRR requires that recycled filter backwash water, sludge thickener supernatant, and liquids
from dewatering processes must be returned to a location such that all processes of a system’s
treatment, including coagulation, flocculation, sedimentation, and filtration, are employed.
However, systems may apply to the state for approval to recycle to an alternate location.

The regulation stipulates that systems must notify the state in writing that they practice
recycle by December 8, 2003, with required information. Beginning June 8, 2004, the systems
must start keeping records of the pertinent information on file for review and evaluation by
the state. The USEPA also recommends the evaluation and minimization of the impacts
from recycling practices on plant hydraulic surge and finished water quality. The state will
review the specific conditions at the WTP and determine if additional actions are needed.

Currently, only the Lake Huron and Southwest WTPs return the spent filter backwash water
prior to or at the rapid mix unit; therefore, they are subjected to the reporting and
recordkeeping requirement only. The other three WTPs do not recycle the spent backwash
water and are not subject to the FBRR. Although not required by the FBRR, DWSD has
elected to modify its current backwash recycle practices to further reduce the risks of the
pathogen breakthrough.

DWSD, under its contract CS-1305, started implementing the following changes to its
backwash practice. The Lake Huron WTP will have its backwash water treated prior to be
discharged to the Lake Huron via an NPDES permit. The backwash and sludge will be
treated via an integrated coagulation/flocculation/clarification/thickening process. The
thickened sludge will be sent to the onsite drying lagoons. The Southwest WTP will have its
backwash water treated and discharged to the surface water via a (National Pollutant
Discharge Elimination System) NPDES permit. The supernatant from the sludge clarifier
and the centrate from the dewatering facility will be sent to the Wayne County Wastewater
Treatment Plant (WWTP). The new plant (Water Works Park II) has continuous sludge
removal, backwash treatment, and onsite sludge dewatering facilities. The treated backwash
water will be discharged to the surface water via an NPDES permit, while the supernatant
from the sludge clarifier and the centrate from the dewatering facility will be discharged to
the sewer. There are no surface water discharge options for Northeast and Springwells
WTPs; therefore, the treated backwash water, the supernatant from the sludge clarifier, and
the centrate from the dewatering facility will all be sent to the DWSD sewer. Detailed plans
for Northeast and Springwells backwash water and residual management are not yet
available due to the many other improvements proposed under the NASs for the two plants.
However, these two plants will likely have backwash and residual handling facilities similar
to the proposed Southwest WTP residual treatment processes.
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It should be noted that new technology (such as membrane) may become increasingly
economical in the future. Adopting such new technology could effectively control the risks
of recycling the backwash water, while eliminating the discharge to the sewer. By avoiding
discharging the backwash waters from Northeast and Springwells WTPs to the sewer will
free up the DWSD WWTP with additional dry weather flow treatment capacity to serve
additional growth in the sewer service area.

Stage 1 Disinfectants/ Disinfection Byproducts Rule. Stage 1 of the Disinfectants and
Disinfection Byproducts Rule (D/DBPR) was finalized in December 1998. The rule
establishes MCLs of 80 pg/L for TTHMs 60 pg/L for the HAA5 and 10 pg/L for bromate.

The D/DBP rule also contains maximum residual disinfectant levels (MRDLs). Chlorine and
chloramines are limited to 4.0 mg/L as Cl> based on an RAA.

In addition to the DBPs discussed above, the D/DBPR attempts to reduce general DBP formation
by requiring specific levels of TOC removal by coagulation (termed enhanced coagulation).

DWSD does not have any problems meeting these regulations. The current and future
bromate regulations may impact the use of ozone.

Stage 2 Disinfectants/ Disinfection Byproducts Rule. The draft Stage 2 D/DBPR was published
in August 2003 with a final rule expected in early 2005. The rule is designed to reduce DBP
occurrence peaks in the distribution system based on changes to compliance monitoring
provisions. Changes to compliance monitoring are proposed to sample the areas of the
distribution system with the highest potential for DBPs. The intent is to balance risks from both
microbials and DBPs.

Stage 2 D/DBPR sets forth requirements for MCLs and MCLGs for DBPs, specifies best
available technologies for the proposed MCLs, and provides a risk-based approach (IDSE
monitoring) to identify monitoring sites that contain high levels of DBPs.

Stage 2 D/DBPR requires the use of LRAAs to determine compliance with the MCLs for
TTHMs and HAA5s. The LRAA will be calculated for each monitoring location in the
distribution system. This differs from the RAA approach outlined in Stage 1, where
compliance was determined by calculating the running average of samples from all
monitoring locations across the system.

The LRAA approach will be implemented in phases, referred to as Stages 2A and 2B. In Stage
2A, systems must continue to comply with Stage 1 MCLs of 0.0080 mg/L TTHM and

0.060 mg/L HAAS as RAAs. In addition, systems must also comply with MCLs of 0.120 mg/L
TTHM and 0.100 mg/L HAAS as LRAA. In Stage 2B, the monitoring sites will be based upon
the Stage 1 monitoring results and IDSE results. Large systems (such as DWSD) must take four
dual samples (one for TTHM, the other for HAAS5) per WTP per quarter at the specific locations.

Compliance monitoring will be proceeded by an IDSE with the purpose of selecting
site-specific optimal sample locations for capturing peaks of TTHMs and HAAb5s. There are
three possible ways to fulfil the IDSE requirements: follow the standard monitoring program,
conduct system specific study, or obtain 40/30 certification. To obtain such certification, all
compliance samples must have been less than or equal to 0.040 mg/L for TTHM and 0.030
mg/L for HAAS5. Samples must be in compliance with Stage 1 requirements.
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The Stage 2 D/DBPR will focus on monitoring and controlling DBPs in the distribution
system. The regulations will also apply to consecutive wholesale customers. This may have
impacts on water transmission, storage (water age), and chlorine residuals for DWSD.

The Stage 2 D/DBPR will not be the final word for these regulations. Future regulations
may lower limits for specific compounds (i.e., brominated THMs) and add new compounds
as information on health effects becomes available.

Future Contaminants. As amended in 1996, the SWDA requires the USEPA to establish a list
of contaminants that are known or anticipated to occur in public water systems and may
require regulation under the SWDA. The first Contaminant Candidate List (CCL) was
published in the Federal Register in March 1998 and includes 60 contaminants under
consideration of regulation. The USEPA and the National Drinking Water Advisory Council
Work Group evaluated the occurrence, exposure, and public health risks of the listed
contaminants. They decided to not regulate any contaminants at this time. Future reviews
will occur.

Many of the chemical contaminants are pesticides, herbicides, EDCs, and oxygenates (such
as perchlorate and methyl tertiary butyl ether). The USEPA also has a microbial CCL to
determine which pathogens should be regulated in the future.

* The occurrence in DWSD source waters and ability of current and proposed treatment
processes to control these pathogens will continue for DWSD in the future.

When planning future improvements to the WTPs, the potential for occurrence and removal
of these compounds needs to be considered.

Endocrine Disruptors and Pharmaceutical and Personal Care Products. Per the USEPA’s
definition, EDCs are exogenous agents that interfere with the “synthesis, secretion,
transport, binding, action, or elimination of natural hormones in the body that are
responsible for the maintenance of homeostasis, reproduction, development, and/or
behavior.” The USEPA, through the SDWA, currently regulates a number of suspected
EDCs:

* DPesticides. Atrazine, chlordane, dichlorodiphenyltrichloroethane (DDT), endrin,
lindane, methoxychlor, simazine, and toxaphene

* Nonpesticide Organics. Benzo(a)pyrene, di (2-ethylhexyl) phthalate, dioxin, and
polychlorinated biphenols (PCBs).

* Inorganic Chemicals. cadmium, lead, mercury

The current MCLs, however, have been defined by toxic/cancer effects, not reproductive
endpoints. However, if adverse effects to the endocrine system are determined to be at a
lower level than the MCL, the current MCLs on the EDCs could be changed.

The SDWA published in 1974 established MCLs for various drinking water contaminants,
including some pesticides now known to have endocrine-disruptive activity. However,
EDCs were not specifically named in any U.S. legislation until 1995, with SDWA
amendments mandating that chemicals and formulations be screened for potential
endocrine activity before they are manufactured or used in certain processes where drinking
water and/or food could become contaminated.
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Under the law, the USEPA is required to “develop a screening program, using appropriate
validated test systems and other scientifically relevant information, to determine whether
certain substances may have an effect in humans that is similar to an effect produced by a
naturally occurring estrogen, or other such endocrine effects as the Administrator may
designate.” Specifically, the USEPA had to develop a testing program by 1998, implement
the program by 1999, and report to Congress by 2000.

In October 1996, the USEPA formed the Endocrine Disruptor Screening and Testing Advisory
Committee (EDSTAC) to provide recommendations on a conceptual framework, priority
setting, screening and testing methodologies, and communication and outreach programs. The
committee issued a final report in July 1998, recommending that human and wildlife impacts
be considered and that estrogen, androgen, and thyroid endpoints be examined.

The conceptual framework devised by EDSTAC consists of an initial sorting, prioritization, Tier
1 and 2 testing, and a hazard assessment of an estimated 87,000 chemicals (25,000 of which were
removed later as being too large in molecular size). In addition to discrete chemicals, EDSTAC
recommended the evaluation of mixtures of chemicals in breast milk, baby formula, hazardous
waste sites, pesticides and fertilizers, drinking water DBPs, and gasoline.

The USEPA formed the Endocrine Disruptor Methods Validation Subcommittee (EDMVS)
in 2001 to evaluate the test battery suggested by EDSTAC. The EDMVS is tasked with
method validation by determining if a particular method is transferable to other
laboratories, can be validated with representative chemicals, has sufficient sensitivity to
estrogen, androgen, and thyroid endpoints, and has appropriate Standard Operating
Procedures (SOPs). Some difficult issues encountered in the standardization of EDC testing
include animal diets, dosing methods and ranges, testing of mixtures, and interspecies
comparisons. The outcome of this screening battery is critical to the water industry, as it
designed to definitively identify EDCs. However, it is important to note that the current
legislation regulates only the industries producing or using raw chemicals, and not the
water industry. As a result, these actions may have little immediate effect on water and
wastewater treatment regulations.

There are currently no federal regulations for pharmaceuticals in drinking or natural waters.
The Food and Drug Administration (FDA) requires ecological testing and evaluation of a
pharmaceutical only if an environmental concentration in water or soil is expected to exceed
1 pg/L or 100 pg/kg, respectively. The new findings of the pharmaceuticals and personal
care products (PPCPs) in the waters may suggest that these policies should be reconsidered.

The actual regulation on most emerging trace organic chemicals will be many years, if not a
decade away. However, the trend for more trace organic removals in the future has been
considered in the plant CIP of the study.

2.3.4 Partnership for Safe Water

The PSW was developed and implemented by the AWWA and other professional organizations
representing drinking water utilities. The PSW’s objective was to equip and encourage water
suppliers to “identify areas that will enhance the water system’s ability to prevent entry of
Cryptosporidium, Giardia, and other microbial contaminants into treated water- and to voluntarily
implement appropriate corrective actions.” The optimization techniques under the PSW focus
primarily on removing particles and improving barriers to chlorine-resistant pathogens.
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DWSD joined the PSW in February 1997 and completed assessments for the Lake Huron,
Southwest, and Northeast WTPs. The self-assessment results for the Lake Huron,
Southwest, and Northeast WTPs were reported in the Self-Assessment Completion Report for
Lake Huron Water Treatment (September 1998), Completion Report for Northeast Water Treatment
Plant (1999), and Southwest Water Treatment Plant (May 1998), respectively.

The assessments included a performance assessment; a major unit process evaluation; and a
design operational and administrative assessment. Results of the rating capacities
assessments for the plants are shown in Table 2-14 below.

;gﬁhgrir:i; for Safe Water Treatment Plant Capacity (in mgd) Assessment Results Summary
Northeast Southwest Lake Huron Springwells

Peak 340 240 400 540
Flocculation 384 320 439 307
Sedimentation 191 268 200 398
Filtration 317 220 252 549
Disinfection (Pre & Post) 458 397 246 354
Design capacity 300 240 280 540
PSW Rated Capacity 191 220 200 307

Note: The Lake Huron WTP design capacity was at the time of the PSW study, the PSW rated capacity was
based on the conventional treatment processes. The Lake Huron WTP is now operating under the “modified”
direct filtration mode, therefore, sedimentation capacity limitation is no longer applicable. The Lake Huron WTP
has also added 10 new filters since the PSW to increase the filter capacity to 400 mgd.

The bold font represents the limiting unit process for PSW rated capacity.

Performance limiting factors for the plants were identified and the corresponding short- and
long-term corrective actions were identified. The performance limiting factors and
corrective actions are summarized below.

2.3.41 Lake Huron Water Treatment Plant
Recommended improvements at the Lake Huron WTP included:

* Installation of a variable-speed drive on Low-Lift Pump No. 1 to avoid rapid and large
variations in raw water flow and associated filtration rates.

* Enhancement of the primary coagulant application points and installation of new
mechanical rapid mix equipment.

* Replacement of inoperable flocculation equipment.
* Rehabilitation/expansion of existing chlorine disinfection facilities.

» Installation of more online turbidity and particle counting monitors for better control of
the finished water quality.

* Installation and assessment of using streaming current detectors (SCDs) for coagulant
monitoring/control.
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* Implementation of a proactive and aggressive primary coagulant control strategy to
improve responses to raw water quality changes.

Improvements of onsite residuals handling and dewatering were addressed in the current
5-year CIP and elimination of the practice of recycling backwash wastewater.

Short-Term Issues.

* Large incremental shifts in raw water flow rate due to lack of VFD.

* Use of other raw water quality indicators rather than turbidity alone.

* Replacement of rapid mixing flocculation equipment.

* Possible introduction of chlorine resistant pathogens to the treatment stream due to
recycling of the backwash wastewater.

Improvement on the coagulant dosage selection was needed. It was suggested that a more
quantitative and consistent coagulant dosage response plan for raw water quality changes
should be developed by exploring integration of all available tools (turbidity, particle size
distributions, SCD readings, pilot plant data, etc.) for Lake Huron WTP.

Long-Term Corrective Actions.
* Enhancing communications between WTP staffs.

*  Monitoring filter media condition and primary disinfection effectiveness.

* Improving the coagulant feed flexibility by applying low molecular weight synthetic
organic polyelectrolytes to raw or settled water. This task has been since completed.

* Improving sedimentation basin capacity limitations and performance problems.

2.3.4.2 Southwest Plant Performance Limitations, Recommendations, and Actions

Performance Limitations.
* Scheduled maintenance and calibration to help avoid alum-feed interruption incidents.
This has been implemented since the report was written.

* Audible alarm installed to give quick warning of the complete failure of the coagulant
feed line.

* Walking beam type flocculators installed to replace old inoperable flocculators. This
improvement has been done.

* To solve the insufficient media expansion problem during backwashing, the backwash
flow rate was adjusted higher for the high wash cycle.

Short-Term Issues.
* A routine preventive maintenance program to ensure proper functioning of flocculators.

» Fixing the leaking surface wash water lines so the filters get a quality surface wash.
* Periodically cleaning the filters and sweep nozzles.
*  Monitoring flow rate on each filter in the north gallery.

* Scheduling regular inspections of filter sampling tubes to ensure that the sample is
flowing through calibrated turbidimeter.
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Implementation of a routine checking and calibrating program to ensure the proper
functioning of turbidimeters and alum rotodip feed system.

In order to optimize feed dose by avoiding overdosing alum, implementation of a
coagulant control program was suggested.

Long-Term Issues.

Repairing raw water screens to prevent debris from entering the treatment system.

Evaluating the possibility of installing plate settlers for sedimentation basin. The latest
NAS has found that this is not needed, and recommends only to add the continuous
mechanical sludge removal capability to the basins.

Installing more air release valves along the backwash piping to avoid supporting gravel
mounding and media loss during backwashes.

Repairing/replacing roof over the filters.

Continuous in-house training to improve the skills of all treatment plant operators, and
organizing seminars to keep operators abreast of the existing and impending regulations.

2.3.4.3 Northeast Water Treatment Plant
Performance Limiting Factors.

Performing cleaning work on all rotometers and lines.;

Keeping the constant level box functioning to solve the inadequacy of the coagulant feed
system for meeting the water demand during the high turbidity and high flowrate periods.

Installing an alarm system on the constant level box and streaming current monitor in
the mixing chamber to allow immediate actions in case any problems occur.

Implementing a preventative maintenance program for key equipment.

Conducting various experiments on using coagulants to obtain a better coagulation.

Short-Term Issues.

Calibrating alum feed rotometers regularly.

Repairing the broken rapid mixers, which cause high turbidity for some parts of the WTP.
Installing online turbidimeters on each individual filter. This has been done.

Fixing the malfunctioning rate control valves and head gauges.

Performing a tracer study to determine the detention time in the reservoir.
Implementing a routine maintenance program for all valves and piping associated with
the chlorine feed.

Long-Term Issues.

Replacing entire coagulant feed line from day-tank lines to diffusers.

Consider switching to “rotodip” alum feed. The NAS has since recommended the
metering pumps.

Installing an alarm system on the constant level box to warn of disruption of the alum feed.

Developing a preventive maintenance program for the key treatment equipment.
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* Toaddress the issue of insufficient capacity of the sedimentation basin, evaluating the
possibility of either using more sedimentation basins or retrofitting them with Lamella Plates.

» Using filters that were not currently in service to add filter capacity and filtration
efficiency and changing filter media and renovating existing filters.

* Implementing a routine maintenance program for all valves and piping associated with
the chlorine feed. The ongoing project NE-300 is addressing the rehabilitation of the
chlorination system.

* Installing an audible alarm system for warning of low-effluent chlorine residual levels.
The ongoing project NE-300 is addressing the rehabilitation of the chlorination system.

* Administrative actions included enhancing operator training, increasing operator
exposure to seminars on the regulations, and organizing routine staff meetings.

2.4 Water Quantity
241 Systemwide Capacity/Demand

Figure 2-28 shows systemwide capacity/demand curve for the 50-year master planning
period.

FIGURE 2-28
Systemwide Capacity and Demand Curve During the 50-Year Planning Period

2,500

2,000 4

975

1,500 4
1,000
500 | —=e— Total Max System Demand
- = = = Current (2004) Total WTP Capacity
O T T

Total System Max-Day Demand, mgd

2000 2010 2020 2030 2040 2050

Total DWSD system will see most of the demand increase from 2000 to 2010, with a 500-
million-gallon-per-day (mgd) demand increase during this period. The water demand
increase beyond 2010 is much slower (365 mgd increase over the 40-year period). Most of
the water plant capacity expansion will be from the Lake Huron WTP. The other four plants
will not require significant capacity expansion. The Water Works Park Il WTP is a brand
new plant and will require the least work in the future. Numerous rehabilitation projects
proposed by the Needs Assessment Studies will ensure that other three plants: Springwells,
Southwest, and Northeast will reliably maintain their current capacities through 2050.
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2.4.2 Water Plant Expansion Requirements

Table 2-15 shows the expansion needs for each plant. It can be seen that the major expansion will
occur at the Lake Huron WTP. The 2003 Michigan Department of Environmental Quality (MDEQ)
permitted capacity of Lake Huron WTP was 300 mgd, and it is expected to be increased to 400
mgd in 2004 upon the completion of the ongoing residual management project (LH-391). Ten new
filters required for this expansion have been completed (LH-386). The remaining Lake Huron
WTP expansion will occur after 2010, as discussed in more details in section 2.10.

While the Water Works Park Il WTP and Springwells WTP have sufficient capacities to meet
the demand through 2050, there are many projects identified under the NAS to upgrade the
plants and ensure their abilities to meet these maximum-day demands reliably.

Both Southwest and Northeast WIPs will require some process upgrades to the existing plants
to enable them to deliver the flow to meet the maximum-day demand through 2050. All these
projects are listed under the NAS recommendations and are detailed in Sections 2.6 and 2.9.

Eglgzgiti/}fngd) Need during the 50-Year Planning Period for Five Water Treatment Plants

2000 2010 2020 2030 2040 2050 Current Post NAS
LH 191 377 504 588 636 695 300 400
NE 290 338 331 338 338 337 340 340
SPW 362 495 473 472 472 530 540 540
SW 118 196 201 201 202 203 180 220
WwWPpP 145 204 222 215 226 210 240 240

NAS: Needs Assessment study proposed projects.
Bold font suggests the demand will exceed the current plant capacity.

2.4.3 Existing Water Plant Capacity

In the face of increasing system demands, several DWSD WTPs have recorded peak
production rates during summer-time demand periods close to or exceeding the plant’s
nominal capacity rating. The PSW self-assessment studies, completed by DWSD in 1998-99,
identified major unit processes at several plants that are running at hydraulic loading rates
higher than typical industry standards for surface WTPs. To document these historical
trends, a process capacity analysis was performed for the five existing DWSD WTPs. This
baseline analysis does not include any of the recommended process upgrades under the
CWMP, NAS, or other ongoing WTP-related studies.

The reliable process capacity of the DWSD WTPs was determined by estimating rated
capacities of the major unit processes for each plant. The rated capacities are based on
industry standard loading rates and detention times, coupled with the plant’s demonstrated
capability to achieve the following unit process performance goals:

» Settled water turbidity: less than 2 NTU

 Filtered water turbidity: less than 0.1 NTU

* Disinfection: 0.5-log Giardia inactivation based on temperature and pH dependent CT
values outlined in the USEPA guidance manual for the SWTR and a performance ratio
of 1.5 (i.e., 50 percent safety factor)
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Table 2-16 presents the criteria used to assign specific loading rates and hydraulic detention
times for the flocculation, sedimentation, filtration and disinfection unit processes. Several
types of unit processes were considered including those currently in use at the DWSD
WTPs, or those recommended for implementation under the NASs.

In general, the same process criteria were used for flocculation, sedimentation and inclined-
plate settling processes across the WTPs, whereas different criteria were used for the
filtration process, depending on the condition of the filters, depth of filter media, level of
monitoring and control, etc. for each WTP.

Three CT targets for 0.5-log Giardia inactivation were established for plants using chlorine as
the primary disinfectant to reflect the different chorine residual and pH regimes for pre-
coagulation (i.e., in the raw water tunnel for the Springwells and Northeast WIPs), post-
coagulation (i.e., in the treatment process basins for all WTPs), and post-filter (i.e., in the
clearwells and finished water pipelines for all WTPs) disinfection.

A CT target of 1-log Giardia inactivation was established for future ozone disinfection
systems for all WTPs except Water Works Park II as part of an integrated disinfection
strategy as discussed in Section 2.5. For Water Works Park II, which uses intermediate
ozonation for primary disinfection, a CT target of 1-log Cryptosporidium inactivation was
established. However, new ozone CT values for this pathogen under the LT2 ESWTR are
considerably higher for cold water treatment than previously thought when the plant was
designed. As a result, the ozone generation system may not have sufficient capacity to
provide the year-round Cryptosporidium inactivation goal.

The hydraulic and disinfection related criteria in Table 2-16 were used in the CT disinfection
analysis and WTP process capacity analysis presented in the following sections.
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TABLE 2-16
Assigned Process Criteria for Unit Process Capacity Analysis

Unit Process Description Criteria Units Value Comments
Flocculation  |Mechanical flocculation with minimum of three Detention Time min 20 Industry-accepted value for treating water
compartments in series and capability for tapered supplies with low organics; assigned value for
flocculation DWSD PSW evaluations; typically allows > 30 min
detention time during low-flow cold water periods
Sedimentation |Conventional horizontal-flow sedimentation with Surface Loading Rate | gpm/sft 0.7 Industry-accepted value for treating water with low
rectangular basins organics using alum without polymer addition;
assigned value for DWSD PSW evaluations
Sedimentation |Inclined-plate settler modules in rectangular basin | Surface Loading Rate | gpm/sft 0.3 Loading rate value based on projected area of
plates; optimal value based on DWSD pilot testing
of Detroit River water supply; value used for
designing inclined-plate settlers for WWP-Il WTP
Filtration Constant-rate monomedium sand filter with 20- Filter Loading Rate gpm/sft 3.5 Conservative filter loading rate; assumes at least
inch bed depth in good working condition; one filter out of service for backwashing; applies
operating surface wash and rate-of-flow controller to existing shallow bed filters at Springwells WTP
systems; turbidimeters on every filter which consistently produces filtered water turbidity
<0.1NTU
Filtration Constant-rate dual-media anthracite-sand filter Filter Loading Rate gpm/sft 4.0 MDEQ maximum allowable filter loading rate
with 39-inch bed depth (18" anthracite, 7" sand, (without a pilot or demonstration study); assumes
14" gravel) in good working condition; operating minimum one filter out of service for backwashing;
surface wash and rate-of-flow controller systems; applies to Northeast and Lake Huron WTPs
turbidimeters on every filter
Filtration Declining-rate dual-media anthracite-sand filter Filter Loading Rate gpm/sft 4.0 Loading rate value is an average rate with a
with 45-inch bed depth (7" anthracite, 22" sand, maximum rate of 5 gpm/sft; assumes at least one
16" gravel) in good working condition; operating filter out of service for backwashing; applies to
surface wash and rate-of-flow controller systems; Southwest WTP
turbidimeters on every filter
Filtration Constant-rate dual-media anthracite-sand filter Filter Loading Rate gpm/sft 5.0 MDEQ requires pilot or demonstration testing for
with 30-inch media depth (at least 18" antracite) in approving filter rates > 4 gpm/sft; filter loading
good working condition; operating surface wash rates up to 6 gpm/sft will be tested at Springwells
and rate-of-flow controller systems; turbidimeters pilot plant in 2002; assumes at least one filter out
on every filter; capability for filter aid polymer of service for backwashing; applies to future
addition; pilot and/or full-scale performance data capacity expansion of Northeast WTP. Media
demonstrating compliance with DWSD filtered recommendations from the DWSD pilot test in
water quality goals for minimum 6-month testing 2002.
period
Filtration Constant-rate monomedium anthracite filter with Filter Loading Rate gpm/sft 8.0 Deep-bed anthractie filter piloted by DWSD for
48-inch bed depth in good working condition; one-year; MDEQ approved filter loading rate value
operating air scour and rate-of-flow controller for WWP-II project; applies to WWP-Il WTP;
systems; turbidimeters and particle counters on assumes at least filter out of service for
every filter; capability for filter aid polymer backwashing
addition; pilot and/or full-scale performance data
demonstrating compliance with DWSD filtered
water quality goals for minimum 6-month testing
period
Disinfection Pre-coagulation chlorine disinfection CT CT mg/L.min|] 72.0 |Design conditions: chlorine residual of 0.6 mg/L,
requirements for 0.5-log Giardia inactivation pH of 8.0, water temperature of 0.5 deg C;
minimum Giardia log inactivation target under
SWTR,; performance ratio of 1.5
Disinfection Post-coagulation chlorine disinfection CT CT mg/L.min 60.0 |Design conditions: chlorine residual of 0.6 mg/L,
requirements for 0.5-log Giardia inactivation pH of 7.5, water temperature of 0.5 deg C;
minimum Giardia log inactivation target under
SWTR; performance ratio of 1.5
Disinfection Post-filter chlorine disinfection CT requirements CT mg/L.min 63.0 |Design conditions: chlorine residual of 1.0 mg/L,
for 0.5-log Giardia inactivation pH of 7.5, water temperature of 0.5 deg C;
minimum Giardia log inactivation target under
SWTR,; performance ratio of 1.5
Disinfection Intermediate ozone disinfection for 1-log Giardia CT mg/L.min 0.97 |Disinfection conditions: water temperature of 1deg
inactivation C; performance ratio of 1.0
Disinfection Intermediate ozone disinfection for 1-log CT mg/L.min] 37.0 |[Disinfection conditions: water temperature of 1deg

Cryptosporidium inactivation

C; geometric mean CT calculation method per
draft LT2ZESWTR,; performance ratio of 1.0
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2.4.4 CT Disinfection Analysis

The SWTR requires that primary disinfection be sufficient to ensure that the total treatment
process achieves at least 2-log (99.9 percent) inactivation/removal of Giardia and at least
4-log (99.99 percent) inactivation/removal of viruses before the plant’s first customer.
Filtration credits are 2.5-log for Giardia and 2-log for virus. Therefore, the DWSD WTPs must
provide primary disinfection to inactivate at least 0.5-log Giardia and 2-log viruses. The level
of inactivation is measured by the CT product (average disinfectant concentration
multiplied by contact time). For chlorine disinfection, higher CT values are required for
0.5-log Giardia inactivation than for 2-log virus inactivation, so the former controls the CT
product requirements for those plants using chlorine as the primary disinfectant. DWSD has
established more stringent disinfection goals based on achieving a performance ratio
equivalent to 1.5 times the required CT product under the SWTR.

Table 2-17 presents the CT disinfection analysis for the four DWSD WTPs that use chlorine
as the primary disinfectant (Springwells, Northeast, Southwest, and Lake Huron). The
Water Works Park II WTP uses ozone for primary disinfection, but the CT analysis is not
considered in this report because it was just brought online when this report is being
finalized. The analysis was performed for worst-case disinfection conditions as noted below.

*  Minimum water temperature of 0.5°C

*  Maximum raw water pH of 8.0

*  Maximum pH of 7.5 in process basins and finished water

*  Minimum chlorine residual of 0.6 mg/L in raw water tunnel and process basins

*  Minimum chlorine residual of 1 mg/L in finished water

* Disinfection performance ratio of 1.5

* Conservative baffling factors ranging from 0.1 for unbaffled clearwells to 1.0 for pipeline
segments

The rated process capacity of each WTP with respect to primary disinfection was calculated
by summing the CT credits achieved by individual treatment sections, beginning in the raw
water tunnel (for Springwells and Northeast), continuing through the pretreatment process
basins and clearwell, and ending in the finished water pipeline prior to the first customer.
Given the future regulatory uncertainty associated with CT disinfection credits prior to
filtration, the analysis was performed for both “pre- and post-disinfection” and
“post-disinfection” to determine the plant’s capability to meet each requirement.
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TABLE 2-17

CT Disinfection Analysis for DWSD Water Treatment Plants Using Chlorine for Primary Disinfection

Description Units DWSD Water Treatment Plants
Lake Huron | Northeast |  Southwest |  Springwells
Raw Water Tunnel Disinfection Conditions
Type -- na Predisinfection na Predisinfection
Tunnel Volume gal na 27,450,000 na 50,390,000
Tunnel Baffle Factor - na 1 na 1
Effective Tunnel Volume gal na 27,450,000 na 50,390,000
Minimum Temperature deg C na 0.5 na 0.5
pH na 8.0 na 8.0
Minimum Disinfectant Residual mg/L na 0.6 na 0.6
Required CT (at performance ratio of 1.5) mg/l.min na 72 na 72
Flocculation Disinfection Conditions
Basin Volume gal 6,100,000 5,330,000 4,447,000 4,260,000
Baffle Condition -- Average Average Average Average
Basin Baffle Factor - 0.3 0.3 0.3 0.3
Effective Tunnel Volume gal 1,830,000 1,599,000 1,334,100 1,278,000
Minimum Temperature deg C 0.5 0.5 0.5 0.5
pH unit 7.5 7.5 7.5 7.5
Minimum Disinfectant Residual mg/L 1.2 0.6 0.9 0.6
Required CT (at performance ratio of 1.5) mg/L.min 60 60 60 60
Sedimentation Disinfection Conditions
Basin Volume gal 24,564,647 26,171,303 30,164,550 53,177,931
Baffle Condition -- Average Average Average Average
Basin Baffle Factor -- 0.3 0.3 0.3 0.3
Effective Tunnel Volume gal 7,369,394 7,851,391 9,049,365 15,953,379
pH unit 7.5 7.5 7.5 7.5
Minimum Disinfectant Residual mg/L 1.0 0.6 0.6 0.6
Required CT (at performance ratio of 1.5) mg/l.min 60 60 60 60
Clearwell Disinfection Conditions
Clearwell Volume gal 44,000,000 38,000,000 30,000,000 60,000,000
Baffle Condition -- #1&2 Unbaffled; Average Average Unbaffled
#3 Baffled
Clearwell Baffle Factor - 0.1&0.5 0.5 0.5 0.1
Effective Tunnel Volume gal 10,000,000 19,000,000 15,000,000 6,000,000
pH unit 7.5 7.5 7.5 7.5
Minimum Disinfectant Residual mg/L 1.0 1.0 1.0 1.0
Required CT (at performance ratio of 1.5) mg/l.min 63 63 63 63
Finished Water Pipeline Disinfection Conditions
Disitribution Pipe Distance to First Customer ft 510 1,000 500 2,600
Pipe Diameter in 120 54 72 42
Pipe Volume gal 299,502 118,920 105,707 187,042
Pipeline Baffle Factor - 1.0 1.0 1.0 1.0
Effective Pipeline Volume gal 299,502 118,920 105,707 187,042
Temperature deg C 0.5 0.5 0.5 0.5
pH unit 7.5 7.5 7.5 7.5
Minimum Disinfectant Residual mg/L 1.0 1.0 1.0 1.0
Required CT (at performance ratio of 1.5) mg/l.min 63 63 63 63
Disinfection Rated Capacity
Post-Disinfection Rated Capacity| mgd 237 439 347 142
Pre- and Post-Disinfection Rated Capacity| mgd 467 907 507 999
Plant Nominal Rated Capacity] mgd 300 300 180 540
Meets Post-Disinfection Requirements? - No Yes Yes No
Meets Pre- and Post-Disinfection Requirements? - Yes Yes Yes Yes

(1) Required CT for pre- and post-disinfection is based on 3-log total Giardia reduction, with 2.5-log removal credit by filtration
and 0.5-log inactivation by disinfection. A Giardia disinfection performance ratio of 1.5 times the SWTR Guidance Manual value was used.

The results of the analysis indicates that the four DWSD WTPs have sufficient disinfection
capacity to meet DWSD’s primary disinfection goals at the current nominal rated capacities
of each plant, assuming pre-and post-disinfection credits are used, as currently allowed by
federal regulations and the MDEQ. However, only two of the plants (Northeast and
Southwest) could meet these goals if only post-disinfection capacity was allowed for
primary disinfection. For master planning purposes, it was assumed that any future post-
filter primary disinfection requirements would be met using a ozone and/or post-filter UV
disinfection system, rather than expanding the chlorine disinfection system. Note that both
Lake Huron and Springwells WTPs can dose sufficient chlorine to meet the post-disinfection
only CT requirement under the peak design flow conditions if needed; however, this would
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require the chlorine dose to be significantly higher than the 1 mg/L assumed minimum
dosing level. The DWS-823 is addressing the clearwell CT improvements at all plants, which
would enhance the post-disinfection CT values rather than the ones shown in Table 2-17.

2.4.5 Plant Capacity Rating

Table 2-18 presents the process capacity rating analysis for the five DWSD WTPs. These
results do not consider recommended capital improvements or plant expansions under the
CWMP or NASs. The process capacity of the unit processes in each plant was calculated by
multiplying the total surface area or volume of the unit process by the applicable hydraulic
design criterion listed in Table 2-16. The critical surface areas and volumes of major unit
processes were based on information reported in the self-assessment PSW reports. For
disinfection, the rated unit process capacities were taken from Table 2-17. The unit process
with the lowest rated capacity dictates the rated capacity of a particular treatment plant.

TABLE 2-18
Comparison of Rated Process Capacities of Existing DWSD Water Treatment Plants
Waterworks
Northeast Springwells Southwest Lake Huron Park Il
Unit Process (mgd)) (mgd) (mgd) (mgd) (mgd)
Flocculation 384 307 320 439 394
Sedimentation 191 398 268 >300 240
Filtration 289 549 220 400 269
Disinfection (Post Disinfection only) 439 149 215 237
Disinfection (Pre and Post Disinfection) 907 999 397 467
Plant Process Rated Capacity (mgd) 191 307 220 300 240
Peak Historical Peak Flow (mgd) 310 480 170 260 N/A
Percent of Process Capacity (%) 162% 156% 77% 87% N/A
Nominal Plant Rated Capacity (mgd) 300 540 180 300 240
Percent of Process Capacity (%) 157% 176% 82% 100% NA

(1) Analysis does not include capital improvements recommended under NAS and other ongoing WTP-related studies.

(2) Analysis assumes that all process basins are in service and one filter is out of service for backwashing.

(3) LH WTP is currently operated under the "modified" direct filtration mode; therefore, there is no set criteria for the
sedimentation basin loading.

The results indicate that the Northeast, Springwells, and Southwest WTPs will require major
process upgrades or physical expansions to meet current or near future system demands
without negatively impacting water quality. Accordingly, process and pumping upgrades
for individual WTPs are presented in Sections 2.7 through 2.11, including the impacts of
future plant expansions and recommended capital improvements under the NASs.

2.5 Treatment Process Upgrading Alternatives

This section provides an overview of the types of treatment processes employed at the five
DWSD WTPs and the near- and long-term process needs required to meet water production
and water quality goals.

2.5.1 Comparison of Process Trains

Table 2-19 compares the major unit processes and chemical feed systems for the five DWSD
WTPs. With respect to unit processes, all plants have conventional treatment process trains
employing coagulation, flocculation, sedimentation, granular media filtration, and

disinfection. The Water Works Park II WTP also includes intermediate ozonation combined
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with biological filtration. With respect to chemical systems, all plants use alum for
coagulation, chlorine for preoxidation and primary disinfection (except for Water Works
Park II, which uses ozone for primary disinfection; prechlorination is also available if
necessary), PAC for controlling T&O, phosphoric acid for corrosion control, and fluoride for
dental health protection. Key similarities and differences among the various plant process
trains are noted below.

» All plant use mechanical mixing and flocculation methods, except the “Old Plant” (also
known as 1930 Train) at Springwells WTP, which uses a baffled chamber for hydraulic
rapid mixing and has no controlled flocculation process (the 1930 pretreatment train is
recommended to be demolished under the NAS).

» All plants can provide tapered flocculation with multiple-stage horizontal or vertical
shaft mechanical flocculators, except for the 1930 Train at Springwells WTP.

* The condition and operational readiness of mixing and flocculation equipment varies
from plant to plant, and was assessed under the NAS projects.

» All plants use horizontal-flow sedimentation basins with manual sludge removal except
for Water Works Park II, which uses an inclined-plate settling process with continuous
mechanical sludge removal. Both processes are capable of meeting the settled water
turbidity performance goal of less than 2 NTU, but the inclined-plate settler process can
operate at surface loading rates two to four times higher than conventional basins (as
measured by the basin surface area), resulting in a reduced footprint for the
sedimentation process.

* The Lake Huron WTP was designed with conventional sedimentation basins, but
presently operates in a “modified” direct filtration treatment mode (which requires the
sedimentation to be in place, but it does not need to conform with the ten-state
standards) for most of the year due to the high quality of Lake Huron —its raw water
supply source. For master planning purposes, it is assumed that MDEQ will approve
use of the “modified” direct filtration process for future plant expansions of Lake
Huron, eliminating the need for meeting the “conventional “ sedimentation design and
operation standards.

* The design and condition of the granular media filters varies significantly from plant to
plant, which impacts the allowable filter loading rate and rated treatment capacity of the
plants. Recommended filter improvements for the Springwells, Northeast, and
Southwest WTPs under the NASs will allow these plants to continue to meet a filtered
water turbidity goal of less than 0.1 NTU at future water production requirements
during the 50-year master plan period, without physical expansion of the filters.

* The Water Works Park I WTP uses two high-rate treatment processes: inclined-plate
settling and deep-bed mono-media filtration. These processes will allow the plant to
meet turbidity and particle removal performance goals at higher loading rates than the
conventional process trains at other DWSD plants. They were evaluated in a 1-year pilot
plant study prior to construction of the new plant.
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TABLE 2-19

Comparison of DWSD Water Treatment Plant Unit Processes and Chemical Systems

[Parameter

with multiple-stage
vertical turbine
flocculators

with 7 parallel channels
per train and 4-stage
horizontal-shaft reel
paddle flocculators

Walking-beam
mechanical flocculators
are provided but not
used currently

flocculation with 5-stage
horizontal-shaft reel
paddle flocculators;
1930 Plant: hydraulic
mixing added by SP-546

Lake Huron Northeast Southwest Springwells Waterworks Park Il (1)
Design Flows
Nominal Plant Capacity | 300 | 340 240 | 540 | 240
Major Unit Pr
Rapid Mixing Mechanical mixing with  |Mechanical mixing with [Mechanical mixing with [1958 Plant: mechanical |Pumped mixing system
vertical turbine impellers |vertical turbine impellers |vertical turbine impellers |mixing with vertical
turbine impellers;
1930 Plant: hydraulic
mixing with 3 baffled
channel compartments
Flocculation Mechanical flocculation |Mechanical flocculation [Hydraulic flocculation. 1958 Plant: mechanical |Mechanical flocculation

with 3-stage vertical
turbine flocculators

Sedimentation

Horizontal-flow
rectangular basins with
manual desludging (2)

Horizontal-flow
rectangular basins with
manual desludging

Horizontal-flow
rectangular basins with
manual desludging

Horizontal-flow
rectangular basins with
manual desludging

Inclined-plate settling
with continuous
mechanical desludging

Filtration

A signal from the settled
water setpoint to the
filters determines the
rate of flow for the filter.
dual-media
(18"anthracite and 7"
sand for #1-#20; 12"
anthracite and 12" sand
for #21-#30) filtration (39
in depth with gravel) with
pumped backwash and
rotating surface wash
system

Constant-rate dual-
media (7" anthracite-19"
sand) filtration (36-in
depth with gravel) with
pumped backwash and
rotating surface wash
system

Variable-rate dual-media
(7" anthracite-22" sand)

gravel) with pumped
backwash and rotating
surface wash system

Constant rate dual-
media (20"-sand)

filtration (45-in depth withlfiltration (36-38-in depth

with gravel) with pumped
backwash and rotating
surface wash system

Constant-rate
monomedium
(anthracite) filtration
(48in depth) with
pumped backwash and
air scour system

Disinfection

Chlorination with feed
points in raw water
conduits, filter effluent

Chlorination with feed
points at raw water
tunnel, filter effluent

Chlorination with feed
points at raw water
tunnel, filter effluent.
Feed points also
available at settled
water, reservoir return,
and rapid mix.

Chlorination with feed
points at raw water
tunnel, filter effluent;
Additional points at
mixing chamber, rapid
mix, and prior to filter.

Prechlorination with feed
points at raw water
tunnel, filter effluent;
Intermediate ozonation
for primary disinfection
and taste and odor
control

Chemical Systems

Alum, chlorine, fluoride,
carbon, phosphoric acid,
coagulant aid polymer,
filter aid polymer

Alum, chlorine, fluoride,
carbon, phosphoric acid,
coagulant aid polymer,
filter aid polymer

Chemical Systems

Alum, chlorine, fluoride,
carbon, phosphoric acid

Alum, chlorine, fluoride,
carbon, phosphoric acid

Alum, chlorine, fluoride,
carbon, phosphoric acid,
ozone, sulfuric acid,
sodium bisulfite, sodium
hydroxide, filter aid
polymer, sludge
conditioning polymer

The Water Works Park II WTP uses intermediate (or post-settling) ozonation for primary

disinfection, oxidation of T&O causing compounds and reduced chlorinated DBP
formation. Chlorine is retained for intermittent application as a biocide in the raw water
tunnel system, and as a secondary disinfectant for maintaining detectable chlorine
residual in the distribution system.

The Springwells and Northeast WIPs rely on chlorination in the raw water tunnel, as

well as contact time in the treatment process basins and finished water clearwell, to meet
CT requirements for primary disinfection. The Lake Huron and Southwest WTPs rely on
chlorination in the process basins and finished water clearwell for primary disinfection.
The Water Works Park II WTP relies on intermediate ozone for primary disinfection.

The Water Works Park II WTP can feed the following treatment chemicals, in addition to

those noted above for all DWSD WTPs: sulfuric acid for pH depression during
coagulation, coagulant and filter aid polymers, sodium bisulfite for quenching ozone
residuals, and sodium hydroxide for final pH adjustment.
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2.5.2 Near-Term Process Needs

Based on the above comparison of WTP process trains, a review of other DWSD
WTP-related engineering studies, and discussions with DWSD plant staff, several near-term
treatment process needs, shared in common across the DWSD WTPs, are discussed below.
More detailed information on the corresponding process upgrades required for individual
WTPs is discussed in Sections 2.7 through 2.11.

Rapid mixing. Rehabilitate or replace existing mechanical mixers and drives, as
necessary, to improve mixing effectiveness and equipment reliability. Eliminate
inefficient hydraulic mixing chambers.

Flocculation. Rehabilitate or replace existing mechanical flocculators and drives, as
necessary, to provide effective tapered flocculation and improve equipment reliability.
Provide tapered mechanical flocculation process for the Springwells WTP. Provide a
minimum flocculation hydraulic detention time of 20 minutes at design flow and

30 minutes at average flow (with all basins in service) to provide proper floc formation
during warm and cold water periods.

Sedimentation. Retain horizontal flow sedimentation basins for plants that do not
require capacity expansions. Use inclined-plate settlers to upgrade or replace existing
horizontal-flow sedimentation basins for plants that must be expanded and have limited
space. Provide a mechanical sludge collection system for all conventional horizontal
flow and inclined-plate settler basins to eliminate sludge build-up in the basins, water
quality degradation (e.g., release of dissolved manganese and organics from settled
sludge into the settled water), and the need for manual sludge removal.

Filtration. Upgrade existing filters, as necessary, to ensure continued compliance with a
filtered water turbidity goal of less than 0.1 NTU. Potential upgrades must include
replacement of filter media, instrumentation and controls, surface wash or air scour
system, washwater troughs, backwash pumps, etc. Provide individual turbidimeters
and particle counters on all filters for on-line monitoring of filtration performance and to
determine endpoints for filtration and backwash cycles. Provide the capability to feed a
filter aid polymer in the filter influent water or backwash water to improve filtration
performance at higher loading rates or for unusual water quality conditions. Conduct
pilot plant studies, as necessary, to support re-rating the filters to meet future water
production requirements. Contract SPW-536 addresses the similar issues at the Lake
Huron and Water Works Park II WTPs. Southwest and Northeast WTPs will have the
filter aid system implemented in the future.

Disinfection. Provide the capability for at least 1-log additional inactivation of
Cryptosporidium (a chlorine-resistant pathogen) consistent with DWSD's finished water
quality goals. Use a multiple barrier approach for disinfection, including ozone for
baseline disinfection and T&O control, UV light for Giardia and Cryptosporidium
inactivation, and chlorine as a secondary disinfectant for the distribution system. An
alternatives analysis of integrated disinfection alternatives for the DWSD WTPs is
presented in Section 2.6.

Chemical Systems. Continue to use alum as a primary coagulant, but retain flexibility to use
alum-polymer blends in the future for cold water treatment. Continue to use phosphoric
acid for corrosion control and fluoride for dental health protection. Continue to use
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powdered carbon for T&O control until ozone process upgrades are constructed at all plants
in the future. Provide capability to feed coagulant and filter aid polymers at all DWSD
WTPs for difficult-to-treat waters and to support re-rating of the filters.

2.5.3 Long-Term Process Needs

Implementation of the short-term process improvements will provide upgraded facilities to
meet known regulations, water quality goals, and operational and maintenance (O&M)
needs. However, there will be additional process improvements needed over the long term
(10 to 50 years). These process improvements will be in addition to the capacity
improvements and near-term improvements discussed previously.

The long-term process improvements may occur in one or more of the following categories:

* Replacement of process equipment in-kind
* Replacement of process equipment with new technologies
* Addition of new treatment processes due to new regulatory or water quality goals

Process equipment typically has a 20- to 30-year useful life. In some cases, equipment lasts
much longer than this, but maintenance becomes excessive and reliability unacceptable. For
planning purposes, it is prudent to plan financially and operationally to replace process
equipment over this time period. The financial portion of the master plan incorporates
resources for replacement of process equipment as well as longer life structural facilities
over their useful lives.

The trend in water treatment process equipment has been to treat more water in a smaller
space. These higher rate treatment processes (i.e., membranes, high rate clarification and
filtration, UV light disinfection) can be incorporated into existing WTPs without
significantly increasing space requirements. For example, the large conventional settling
basins can be retrofitted with higher rate clarification technologies, leaving significant space
for new processes. For the purposes of this master plan, it was assumed that the WTP sites
would not have to be significantly expanded for new treatment technologies, and existing
space/facilities would be modified to accommodate new technologies.

Depending on future source water control practices in Southeast Michigan and Canada, the
source water quality may change (see the separate Source of Supply report). This may create
the need for additional treatment processes, or replacement of existing treatment processes
with more effective processes.

Future regulations may also become more stringent, and new contaminants may be
discovered that require additional treatment processes. Regulatory agencies are discussing
potential standards for higher risk populations (elderly, newborn, immune compromised).
Emerging contaminants include EDCs, PPCPs, algal toxins, and a number of microbial
organisms. Potential treatment goals may include additional removal of organics (natural or
synthetic), particles, and more disinfection.

The CWMP deals with the uncertainty of future regulations and technology by planning
future funds to provide the most appropriate treatment processes at the time to meet
regulatory and water goals. Again, the new processes are assumed to be more efficient and
rated higher than existing processes, so major facility expansions for new technologies are
not anticipated. There are planned capacity expansions for the Lake Huron WTP (see
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Section 2.10) that will require additional space and facilities. Improvements for each water
plant (capacity, near-term, long term) are discussed in Sections 2.7 through 2.11.

2.6 Integrated Disinfection Strategy

2.6.1 Introduction

This section discusses an integrated disinfection strategy for all DWSD WTPs that will allow
these plants to meet DWSD's disinfection and T&O water quality goals. The strategy involves
use of multiple disinfectants (ozone, UV light, and chlorine) to meet specific treatment
objectives. Applicable water quality goals, process design criteria, and facility footprint
requirements for new disinfection facilities are discussed in this section. Facility siting and plant
hydraulic gradeline analyses for individual WTPs are presented in Sections 2.7 through 2.11.

DWSD has adopted aggressive disinfection goals that are more stringent than existing or
proposed regulatory requirements to improve public health protection, as discussed in
Section 2.3. The following goals have been established for inactivation of Cryptosporidium, a
chlorine-resistant pathogen:

* Short-term (<10 years): 1-log (or 90 percent) Cryptosporidium inactivation

* Long-term (> 10 years): 2-log (or 99 percent) or greater Cryptosporidium inactivation,
depending on the magnitude of future degradation of the raw water supply (i.e., from
municipal and industrial wastewater and CSO discharges).

A Cryptosporidium-based disinfection goal is a prudent step towards improving public
health protection in DWSD's service area, since Cryptosporidium oocysts have been detected
during heavy rainfall events in the Detroit River (see previous water quality summary
subsection). It will also position DWSD to comply with future disinfection requirements of
the LT2 ESWTR, which requires a disinfection barrier for Cryptosporidium removal,
depending on pathogen occurrence levels in the raw water supply. Continued periodic
monitoring of the raw water supply will support future decisions by DWSD to either
maintain a 1-log disinfection barrier, as a DWSD water quality goal or regulatory
requirement (under the LT2 ESWTR), or to increase the goal to 2-log inactivation, if the raw
water supply degrades significantly in the future.

In addition to protecting public health, DWSD is committed to providing an aesthetically
pleasing product free of T&O. Periodic T&O events on the Detroit River have led to
numerous complaints from DWSD customers throughout the system. DWSD has therefore
adopted a water quality goal of “no objectionable tastes and odors”. To meet this goal,
DWSD WTPs will need to be upgraded to provide adequate treatment during T&O events,
which occur every few years in the Detroit River and Lake Huron. A treatability study
completed by DWSD under Contract CS-1222 concluded that T&O causing compounds,
such as Geosmin and 2-methylisoborneol (MIB), were removed more efficiently by
ozonation than by PAC adsorption. Advanced oxidation treatment (ozone/peroxide) was
deemed not necessary.

Besides being a reliable, effective, and long-term T&O solution, ozone also provides other
benefits: it provides baseline disinfection against virus and Giardia, and (along with UV) forms
multiple disinfection barriers against Cryptosporidium; it can provide chemical oxidation for
spill treatment and address future chemical concerns (such as EDCs); and it improves the
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filtration process and reduces coagulant dose as has been shown at the Windsor (Ontario,
Canada) WTP (which also draws its raw water from the Detroit River and practices
pre-ozonation).

DWSD currently uses chlorine for primary disinfection and PAC for partial reduction of
T&O. These treatment processes are not adequate to meet the Cryptosporidium-based
disinfection goals cited above and the goal of no objectionable T&O in the finished water for
the following reasons:

* Due to the current PAC application mode at all WIPs, PAC requires high doses
(> 40 mg/L) and is only marginally effective for controlling T&O when compared to
ozone in some cases. The higher doses also exert high chlorine demands and could
negatively impact filter performance.

* Chlorine is not an effective disinfectant for Cryptosporidium inactivation. Therefore,
alternative disinfectants, such as ozone or UV, must be considered to meet DWSD’s goal
of providing a disinfection treatment barrier (beyond removal by filtration) against this
and other chlorine-resistant pathogens.

Consequently, to reliably meet DWSD’s water quality goals, it is recommended that an
integrated disinfection strategy be adopted for all DWSD WTPs. This would involve use of
multiple disinfectants to meet specific treatment objectives as outlined below.

2.6.2 Integrated Ozone/Ultraviolet Disinfection

Using ozone as the primary disinfectant was evaluated against using a combination of
ozone and UV for primary disinfection. Chlorine would be the secondary disinfectant in all
cases. The preliminary results indicate:

* Ozone/UV provides a multiple disinfection barrier that is more effective than ozone
alone. In the event of UV system fails, ozone can provide at least 1-log Cryptosporidium
inactivation. In case of ozone system failure, UV and chlorine could achieve the
disinfection of Cryptosporidium, Giardia, and viruses. Ozone/ UV /chlorine will provide a
very reliable multiple barriers against Cryptosporidium, Giardia and viruses.

* Ozone/UV address multiple water quality objectives better than either ozone or UV
alone alternative. In an integrated ozone/UV disinfection system, the ozone facility
would be designed for T&O removal and baseline disinfection barrier for 1-log Giardia
and 2-log virus inactivation. As a result, the required CT for ozone to meet these
disinfection targets is 1 mg/l-min (cold water). The required ozone dose for T&O control
is 2 mg/L based on a previous T&O study, which is the controlling design dose. The
associated contact time is reduced to 5 minutes (significantly longer for Cryptosporidium
disinfection). Based on previous ozone testing results, the existing bromate MCL of 10
pg/L could be met at the lower ozone dose without the need for a bromate control
strategy.

The UV system in an integrated ozone/UV disinfection option would be designed for at
least 2-log Giardia/Cryptosporidium inactivation. An added benefit of integrated

UV /ozone is that design may provide up to 4-log Cryptosporidium removal due to the
highly effective UV system in inactivating Cryptosporidium.
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The ozone alone option would require significantly larger space than the integrated
ozone/UV approach. This would limit its application at many plants (i.e. Springwells
and Northeast). Both cold and warm water conditions were considered by CWMP team
when laying out footprints for ozone disinfection facilities at the Northeast and
Springwells WTPs. The cold water condition controlled the ozone design dose and
contact time for 1-log inactivation of Cryptosporidium. Quenching of the ozone residual
by a reducing agent (e.g., sodium bisulfite or calcium thiosulfate) would be required for
cold water treatment.

To achieve 1-log Cryptosporidium CT in the ozone-alone disinfection alternative would
require a relatively high ozone dose to achieve a required CT of 24 mg/l-min (48 mg/1-
min for 2-log) under cold water condition. A byproduct of the ozonation process at the
high dose is the formation of bromate. Bromate control processes involving pH
suppression and chlorine or ammonia addition would likely be required to control
bromate formation. Higher CT would also require a longer contact time, which
translates into larger ozone contactor. Ozone alone approach would require a much
larger footprint than an integrated disinfection process. Figure 2-31 shows the ozone
contactor alone layout for a 340-mgd model ozone alone facility, which has a dimensions
of 198 feet by 360 feet, compared with the integrated ozone/UV option of 115 feet by
122 feet (Figure 2-31).

The ozone alone option could cost more than the integrated ozone/UV disinfection
option. Integrated UV and ozone disinfection may result in overall cost savings for
disinfection upgrades at each plant as ozone dosage is reduced, contact time is reduced
resulting in smaller contactor basins, and no bromate control process is necessary.
Economics may drive the integrated UV /ozone option over the ozone-alone alternative.

Design criteria for Ozone, UV and chlorine are presented below.

2.6.3 Ozone

Treatment Objectives. T&O control, primary disinfection for 1-log Giardia and 2-log virus
inactivation, preoxidation for improved coagulation, and reduced alum consumption

Process Location. Pre-ozone, upstream of rapid mixing
Rationale:

— Ozone is a more powerful disinfectant than chlorine, does not form chlorinated
DBPs, and is a very effective oxidant for T&O mitigation.

— A previous DWSD study determined that ozone (not PAC) was the most reliable,
effective, and long-term solution for fully controlling periodic T&O events on the
Detroit River.

— Full-scale operating experience for the City of Windsor, Ontario WIP showed that
pre-ozone was effective in improving the coagulation process and reducing alum
consumption rates.
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2.6.4

Ozone increases the biodegradable fraction of organic matter in water and should be
followed by biological filtration (requires retrofitting the current filters with GAC
cap) to improve biostability and reduce the DBP formation potential of the treated
water.

Ozone oxidizes dissolved organics in water, thereby increasing the UV transmittance
of treated water and reducing UV dose requirements for disinfection. Ozone
oxidizes a variety of chemicals if future chemical concerns, such as EDCs, become
realistic. A combination of ozone and hydrogen peroxide (H>O) may provide even
more chemical oxidation capability.

Although ozone is effective for Cryptosporidium inactivation, the CT targets are
around 20 to 40 times higher than for Giardia inactivation, depending on water
temperature. Based on a preliminary evaluation performed by the CWMP team, the
CT requirements for 1-log Cryptosporidium inactivation would require using
intermediate ozonation at an ozone design dose of 4 mg/L and a contactor hydraulic
retention time (HRT) of 30 minutes at design flow. The relatively high ozone dose
may create unacceptable levels of bromate formation and negatively impact filtration
performance, based on recent DWSD pilot testing. Moreover, use of intermediate
ozone was more difficult to implement than pre-ozonation for several DWSD WTPs
due to siting and hydraulic gradeline constraints. For these reasons, ozone alone is
not recommended as the primary Cryptosporidium inactivation mechanism. Multiple
barriers of disinfection schemes, such as ozone with chlorine, and ozone with UV,
are recommended. In such case, chlorine is a backup to ozone, and ozone is also a
realistic backup of UV, especially during the summer.

Ozone reacts with bromide in the raw water and forms bromate, a regulated DBP. The
current MCL for bromate in the treated water is 10 pg/L. The DWSD pilot study at the
Springwells WTP (CS-1304/Task 20) has shown potential of forming high bromate
level when high ozone dose is applied to DWSD raw water. With the new Water
Works Park I WTP (with ozone as a primary disinfectant) being online in 2003, DWSD
should monitor the finished water bromate concentrations at the Water Works Park II
WTP throughout the year and at various ozone doses.

Ultraviolet Light

Treatment Objectives. Primary disinfection for at least 2-log Giardia and Cryptosporidium
inactivation credit; no virus inactivation credit.

Process Location. Post-filter between filters and finished water clearwell

Rationale:

UV has been demonstrated to be effective for inactivation of Cryptosporidium and
Giardia at low doses (< 10 mJ/cm?)

UV has been demonstrated to be marginally effective for inactivation of certain
viruses. Under the LT2 ESWTR, virus inactivation credit for UV disinfection may be
based on adenovirus, which requires a UV dose of many times higher than for
protozoan inactivation. This will increase the capital and operating costs of the UV
system proportionally. Therefore, UV is not recommended for virus inactivation.
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UV will likely provide protection against future microorganisms of concern,
especially protozoa and bacteria pathogens.

UV disinfection is accomplished using closed-vessel flow-through reactors and very
short contact times (< 1 second), significantly reducing space requirements for
disinfection relative to ozone and chlorine systems

Post-filter UV disinfection is desirable to improve the clarity of the water (as
measured by UV transmittance) for effective disinfection at lower UV doses. UV
disinfection of settled water is not recommended because of potential shielding of
microbial contaminants by alum floc, based on recent research. Additionally, state
primacy agencies may require post-filter UV disinfection for receiving disinfection
credit.

2.6.5 Chlorine

Treatment Objectives. Primary disinfection for 2-log virus inactivation; secondary
disinfection for maintaining > 0.2 mg/L free chlorine residual in distribution system;
maintain detectable residual in raw water tunnel system.

Application Points. Raw water tunnel (continuous); rapid mixer (intermittent); post-
filter (continuous).

Rationale.

Chlorine provides a persistent residual for use as a biocide in the raw water tunnel
system and for maintaining a detectable residual in the distribution system.

Chlorine is effective for 2-log virus inactivation at low CT targets, which can be easily
achieved in the raw water tunnel system or plant finished water clearwells by
maintaining a detectable residual at the outlet of the disinfection zone of each system.

The CT targets for 1-log Giardia inactivation are approximately seven times higher
than for 2-log virus inactivation, and would require higher chlorine residuals in the
raw water tunnel system for the Northeast and Springwells WTPs. Higher chlorine
residuals in the raw water supply would increase DBP formation and exert an oxidant
demand in the preozonation process, resulting in higher ozone doses.

A chlorine feed point should be provided at the rapid mixing chamber (downstream
of pre-ozone) for intermittent application to control biological growths in the
pretreatment process basins.

The above disinfection strategy, coupled with aggressive filtration performance goals, will
provide multiple barrier protection against chlorine-resistant pathogens and other
contaminants and significantly improve public health protection. The recommended
strategy will provide four barriers to microbial contamination: chlorination, ozonation,
filtration, and UV disinfection. Additionally, two treatment barriers will be provided for
T&O and other trace level chemical control: ozone and PAC.

2.6.6 Process Design Criteria

Preliminary process design criteria for future ozone/UV disinfection systems for the
Springwells, Northeast, Southwest, and Lake Huron WTPs are presented in this section. The
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Water Works Park II WTP is not included since it was designed with an ozone system for
Cryptosporidium inactivation. These criteria were based on the following information:

+  CWMP water production requirements through 2050 (50-year planning period)

« DWSD water quality goals (see Section 2.3)

* Ozone demand and decay data from the DWSD Ozone Conceptual Design report (CS-1171)

* Ozone dose requirements from the DWSD Tuaste and Odor Investigations report (CS-1222)

e Ozone CT tables for Giardia and virus inactivation, SWTR Guidance Manual

* Proposed UV dose tables for UV inactivation of Cryptosporidium, from the Draft USEPA
UV Disinfection Guidance Manual (UVGM) (June 2003).

Design criteria for the chlorination process are not presented herein, since these facilities are
already in place at the DWSD WTPs and were evaluated under the NASs. With the
introduction of ozone or UV treatment facilities, however, it is likely that chlorine usage at
all WTPs will be reduced compared to historical trends. Post-filter chlorine application
points will continue to be used for secondary disinfection, but pre-chlorine usage in the raw
water tunnel system for the Springwells and Northeast WIPs and at the plant headwork’s
for all WTPs is expected to drop significantly when ozone facilities are brought online.
Accordingly, it is not anticipated that the existing chlorination facilities will need to be
expanded to meet DWSD water quality goals, unless a major plant capacity expansion is
required, such as for the Lake Huron WTP.

2.6.6.1 Ozone Criteria

Table 2-20 presents process design criteria for the ozone system for four DWSD WTPs. The
rationale for selection of these criteria is discussed below.

Process Location. From the process point of view, the recommended process location for
ozone is between the low-lift pumping station and coagulation process for all plants except
Water Works Park II, which was designed with intermediate (or post-sedimentation)
ozonation. This location will provide effective treatment for T&O removal and disinfection.
It may also possibly reduce alum consumption during coagulation, based on full-scale
experience in the Windsor, Ontario WTP, which uses a pre-ozone process to treat raw water
from the Detroit River. The ozone demand and decay characteristics of the raw water are
only slightly higher than settled water, except during heavy rain events on the Detroit River,
with little change in ozone dose requirements. The ozone system will be designed to
automatically respond to variations in raw water quality to maintain minimum ozone
residuals for disinfection compliance.
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TABLE 2-20
Integrated Disinfection Strategy for DWSD Water Treatment Plants Ozone Process Design Criteria
Parameter | Units | LakeHuron | Northeast | Southwest | Springwells
Design flows
Maximum Day Flow mgd 700 340 180 540
Average Day Flow mgd 420 165 120 360
Minimum Day Flow mgd 230 125 80 220
Ozone System Disinfection and T&0O Requirements
Target Pathogens -- Giardia and Giardia and Giardia and Giardia and
Viruses Viruses Viruses Viruses
Giardia Inactivation Target log 1 1 1 1
Virus Inactivation Target log 2 2 2 2
Process Location -- Preozone Preozone Preozone Preozone
Maximum Water Temperature deg C 27 27 27 27
Minimum Water Temperature deg C 1 1 1 1
CT Requirement at Maximum mg/L.min 0.16 0.16 0.16 0.16
Temperature
CT Requirement at Minimum mg/L.min 0.97 0.97 0.97 0.97
Temperature
Required Ozone Dose for T&O mg/L 2 2 2 2
Removal
Required Dose for Meeting CT mg/L 1.5 1.5 1.5 1.5
Requirement
Design Hydraulic Retention Time (HRT) min 5 5 5 5
for Meeting CT Requirements
Ozone Applied Dose
Maximum (T&O) mg/L 2 2 2 2
Maximum (Disinfection) mg/L 1.5 1.5 1.5 1.5
Average mg/L 1 1 1 1
Minimum mg/L 0.5 0.5 0.5 0.5
Ozone Production
Maximum (T&O) ppd 11,700 5,700 3,000 9,000
Maximum (Disinfection) ppd 8,800 4,300 2,300 6,800
Average ppd 3,500 1,400 1,000 3,000
Minimum ppd 1,000 500 300 900
Ozone Generation System
Type - Horizontal Tube, | Horizontal Tube, | Horizontal Tube, | Horizontal Tube,
Medium Medium Medium Medium
Frequency Frequency Frequency Frequency
Total Number of Duty Units No. 5 3 2 3
Total Number of Standby Units No. 1 1 1 1
Design Capacity Per Unit ppd 1,700 1,450 1,150 2,300
Total Installed Capacity ppd 10,200 5,800 3,450 9,200
Total Firm Capacity ppd 8,500 4,350 2,300 6,900
Ozone-in-Oxygen Concentration % 10 10 10 10
Ozone Contacting System
Type - Fine-Bubble Fine-Bubble Fine-Bubble Fine-Bubble
Diffusion, Counter-| Diffusion, Counter-| Diffusion, Counter-| Diffusion, Counter-|
Current Flow Current Flow Current Flow Current Flow
Number of Trains No. 4 4 4 4
HRT at Design Flow min 5 5 5 5
Short-Circuiting Factor (T1o/HRT) 0.65 0.65 0.65 0.65
T0 Contact Time min 3 3 3 3
Water Depth Above Diffusers ft 20 20 20 20
Number of Diffusion Cells Per Train No. 2 2 2 2
Number of Reaction Cells Per Train No. 4 4 2 6
Contactor Effective Volume cft 323,400 157,080 83,160 249,480
Ozone Offgas Destruct System
Type - Thermal-Catalytic | Thermal-Catalytic | Thermal-Catalytic | Thermal-Catalytic
Number of Duty Units No. 4 4 4 4
Number of Standby Units No. 1 1 1 1
Design Capacity Per Unit scfm 233 133 80 210
Total Installed Capacity scfm 930 530 320 840
Liquid Oxygen Storage System
Type Horizontal- Horizontal- Vertical-Mouunted Horizontal-
Mounted Mounted Mounted
Number of Tanks No. 5 2 2 4
Total Design Capacity gal 65,000 22,000 16,000 52,000
Design Capacity Per Tank gal 13,000 11,000 8,000 13,000
Storage at Maximum Production days 7 5 7 7
Storage at Average Production days 18 15 15 17
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The pre-ozone location will also minimize plant siting and hydraulic gradeline impacts as
compared to intermediate ozonation. Space is available to locate pre-ozone facilities at all
DWSD WTPs without demolishing existing structures. The low-lift pumping stations can be
modified, as necessary, to overcome the additional headloss across the ozone contactor
(typically 2 to 3 feet) without the need for an additional pumping station, as would be the
case for intermediate ozone. Modifications to the plant hydraulic gradeline are discussed for
individual WTPs in Sections 2.7 through 2.11.

Pathogen Inactivation Requirements. The ozone process will be used for baseline disinfection,
defined as 1-log inactivation of Giardia and 2-log inactivation of viruses. The corresponding
CT values for Giardia, which is the controlling pathogen, are 0.97 mg/L.min and 0.16
mg/L.min for cold and warm water, respectively.

Multiple Disinfection Barrier. The ozone process provides an effective disinfection barrier
against Cryptosporidium, it also meets the USEPA’s concept of providing multiple
disinfection barriers (with chlorine) to other pathogens, bacteria, and viruses. In an ozone
and UV integrated disinfection scheme, ozone also provides a backup Cryptosporidium
disinfection barrier to UV irradiation.

Ozone Design Dose. An ozone dose of 1.5 mg/L was selected to meet disinfection
requirements based on a concentration (“C”) versus contact time (“T”) optimization analysis
for preozonation. The key assumptions for this analysis included: an ozone mass transfer
efficiency of 92 percent, dose safety factor of 20 percent, maximum and minimum water
temperatures of 27°C and 1°C, initial ozone residual demand of 0.8 mg/L, and ozone decay
rate constant of 0.013 min-1. Warm water conditions controlled the design dose because
ozone decay rates were relatively high for low doses in warm water.

With respect to T&O dose requirements, an ozone dose of 2 mg/L was selected to achieve
> 90 percent Geosmin and > 80 percent MIB removal, based on results from the previous
DWSD T&O study. The T&O dose of 2 mg/L is therefore the controlling dose for designing
the pre-ozone systems for all DWSD WTPs, except Water Works Park 1II.

The intermediate ozone system for the Water Works Park II WTP was designed for a
maximum ozone dose of 0.9 mg/L, which may be inadequate to achieve 1-log
Cryptosporidium inactivation, especially during cold water periods, based on the USEPA’s
proposed ozone CT tables in the draft LT2 ESWTR. However, these CT values may be
lowered in the final rule based on a revised statistical approach for analyzing the associated
research dataset being proposed by AWWA and the International Ozone Association. In
light of these uncertainties, the ozone generation system at the Water Works Park II WTP
should be evaluated during plant start-up and initial operation to determine the capacity of
the system to meet target CT values during warm and cold-water periods. If necessary, the
ozone generators could be operated at a lower ozone concentration or standby generator
capacity could be used to meet higher CT targets during cold water periods. If the ozonation
system is determined to be inadequate, a post-filter UV disinfection system should be
provided at the Water Works Park Il WTP to ensure compliance with the Cryptosporidium
disinfection goal.

Ozone Contact Time Requirements. A 5-minute HRT was selected for all DWSD WTPs
(except Water Works Park II), assuming a flow short-circuiting factor of 65 percent. This is a

2-57



2—WATER TREATMENT PLANTS

nominal detention time required for meeting the disinfection goal of 1-log Giardia
inactivation, as well as for completing T&O oxidation reactions.

The Water Works Park II WTP ozone contactors have a design HRT of about 30 minutes,
which is a sufficient contact time for Cryptosporidium inactivation during cold water periods,
provided that the ozone generation system has sufficient capacity to maintain the required
ozone residual to meet CT requirements, as discussed earlier.

Ozone Equipment Systems. The following assumptions were used to select the size and
number of oxygen storage, ozone generation, ozone contacting, and off-gas destruct
equipment for the ozone system.

* Liquid Oxygen Storage System. Horizontally-mounted liquid oxygen storage tanks
were selected for all WTPs. These are available in larger standard capacities than vertical
tanks and are less visually obtrusive than vertical tanks. The size of each tank system
was based on providing a minimum of 5 days storage at maximum production and
15 days storage at average production, assuming an ozone-in-oxygen concentration of
10 percent. No redundant capacity was provided for this system.

* Ozone Generation System. The maximum capacity of a single generator was limited to
4,000 ppd, corresponding to the largest commercially available generator to be installed in
the U.S. The minimum turndown of a single generator was limited to 30 percent of rated
capacity to avoid high-energy consumption rates at low turndown. One standby generator
was required for adequate equipment redundancy. An ozone-in-oxygen concentration of
10 percent was selected as the most economical concentration to minimize life-cycle costs
of the ozone system, based on bidding information from recent municipal ozone projects.
These constraints were used to determine the number of generators required to meet
ozone production requirements for a particular treatment plant.

* Ozone Contacting System. A standard ozone contactor configuration consisting of four
ozone contactor trains, two sample galleries, and a fine-bubble diffusion system was
selected for both disinfection alternatives. A layout of a model 340-mgd ozone contactor
is presented in Section 2.6.7.

* Ozone Off-Gas Destruct System. Four duty off-gas destruct units, or one unit per
contactor train (plus one standby unit), were selected for all WTPs. The design capacity
per unit was sized to treat 110 percent of the design off-gas flow rate at a 10 percent
ozone-in-oxygen concentration.

2.6.6.2 Ultraviolet Criteria

Table 2-21 presents process design criteria for the UV disinfection system for four DWSD
WTPs. The rationale for selection of these criteria is discussed below.

Process Location. Three post-filter process train locations were considered for locating UV
disinfection facilities at the DWSD WTPs:

* A central or distributed UV system between the filters and finished water reservoir.

* A central or distributed UV system between the finished water reservoir and high
service pumping station.
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* A distributed UV system in the finished water pipelines downstream of the high service

pumping station.

In a central UV system, plant flows are conveyed to a single facility that contains all the UV
reactors and associated power supply, piping and monitoring and control system. In a
distributed UV system, plant flows are conveyed to multiple facilities that are associated

with existing filtered or finished water conduits on the plant site.

TABLE 2-21
Integrated Disinfection Strategy for DWSD Water Treatment Plants Ultraviolet Process Design Criteria
Parameter Units Lake Huron | Northeast | Southwest | Springwells
Design flows
Maximum Day Flow mgd 700 340 180 540
Average Day Flow mgd 420 165 120 360
Minimum Day Flow mgd 230 125 80 220
UV System Disinfection Requirements
Target Pathogens - Cryptosporidium | Cryptosporidium | Cryptosporidium | Cryptosporidium
and Giardia and Giardia and Giardia and Giardia
Giardia/Crypto Inactivation Target log 3 3 3 3
Process Location - Post-Filter Post-Filter Post-Filter Post-Filter
Minimum Crypto UV Dose Requirement mdJd/icm2 11.7 11.7 11.7 11.7
Minimum Giardia UV Dose mJ/cm2 10.8 10.8 10.8 10.8
Requirement
UV Transmittance at 254 nm % 95 90 90 90
UV Dose Safety Factor % 300 30 300 300
End-of-Lamp Safety Factor % 70 70 70 70
UV Design Dose mJ/cm2 40 40 40 40
UV Reactor System
Type - Closed-Conduit Closed-Conduit Closed-Conduit Closed-Conduit
No. of Duty Reactors No. 18 9 5 14
No. of Standby Reactors No. 2 2 1 3
Design Flow Per Reactor (14) mgd 40 38 36 40
Total Installed Capacity mgd 800 440 216 680
Total Firm Capacity mgd 720 360 200 560
Reactor Head Loss at Design Flow (15) in <12 <12 <12 <12
Maximum Operating Pressure (15) psi 150 150 150 150
Type of Lamp Cleaning System -- Automatic Automatic Automatic Automatic

Raw and settled water UV disinfection were not considered due to concerns about reduced
UV transmittance and associated impacts on capital and operating costs for the UV system.
Settled water UV disinfection is also not desirable because of the potential for microbial
shielding by amorphous alum floc.

Pathogen Inactivation Requirements. The UV disinfection process will be designed for 2-log
Cryptosporidium inactivation, which exceeds DWSD’s near-term water quality goal of 1-log
inactivation. This more stringent disinfection goal was selected because it can be
cost-effectively met at relatively low UV doses and will improve overall public health
protection against protozoan, as well as bacterial and viral microbial contaminants.

Reactor Type. UV reactors for municipal treatment applications can be designed with either
low-pressure high-output (LPHO) or medium-pressure (MP) mercury arc lamps. The
optimum wavelength to effectively inactivate microorganisms is in the range of 250 to 270
nm. LPHO lamps produce monochromatic light at a wavelength of 254 nm, whereas MP
lamps produce polychromatic light at wavelengths in the range of 200 to 600 nm. MP lamps
have approximately 20 to 50 times the light intensity of LPHO lamps, which means fewer
lamps are required and smaller reactors can be used to achieve the same level of
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disinfection. However, the germicidal efficiency of MP is typically only 15 to 20 percent
versus 30 to 40 percent for LPHO lamps. Consequently, the power requirements to deliver a
given UV dose using an MP system are higher than for an equivalent LPHO system. The
selection of an appropriate UV disinfection system must consider these and other
differences between LPHO and MP reactors.

The preliminary design of UV facilities for the DWSD WTPs should allow for both MP and
LPHO UV reactors. The UV equipment can then be selected based on a competitively bid
procurement package involving qualified LPHO and MP equipment suppliers.

UV Design Dose. Recent research has indicated that UV systems can inactivate Giardia and
Cryptosporidium at low doses. The draft UVGM was published in August 2003, which
includes UV design doses of 11.7 and 10.8 m]/cm2, respectively for 2-log Cryptosporidium
and 2-log Giardia inactivation credit. By comparison, the UV dose for 2-log virus
inactivation will be 100 mJ/cm?2, a 10-fold increase. In practice, these values will be
increased to account for inefficiencies associated with flow-through reactors.

The European standard of 40 mJ/cm? is considered a conservative dose for inactivation of
protozoa, bacteria, and most viruses (a notable exception is adenovirus, which requires
approximately 130 mJ/cm? for 2-log inactivation credit per the UVGM). This UV design
dose was also selected for many UV disinfection projects for drinking water in the U.S.

For master planning purposes, it is recommended to design the DWSD WTP UV systems for
a delivered dose of 40 mJ/cm? to reliably provide over 2-log inactivation of Giardia and
Cryptosporidium protozoa, and to provide adequate disinfection protection against bacteria
and most viruses. As discussed earlier, free chlorine and ozone should be used as the
primary disinfection barriers for virus inactivation.

Ultraviolet Transmittance. UV transmittance (UVT) of the water is a measure of the
transmittance of UV light across a pathlength of 1 centimeter at a wavelength of 254 nm.
UVT is both a measure of water quality and a direct factor in the determination of UV dose.
It is the most critical design parameter for sizing UV disinfection reactors. A preliminary
UVT design value of 90 to 95 percent was selected based on raw and filtered UV254
absorbance data collected under the Information Collection Rule. It is recommended that
DWSD begin weekly monitoring of post-filter UV absorbance scans at all WTPs to develop
long-term trends for design purposes.

Lamp Fouling and Aging. UV systems must be designed for the end of lamp life. MP lamps
have an expected service life of 4,000 to 8,000 hours, whereas LPHO lamps have a service
life of 10,000 to 12,000 hours. The rated output of the lamps at the end of their service lives is
typically guaranteed at 75 to 80 percent of new lamp output. In addition to lamp aging, the
output from lamps will also diminish over time as the result of fouling, scarring, or
scratching of the quartz sleeves, although these impacts will be minimized by lamp cleaning
systems. To account for end of lamp life and fouling factors, a design safety factor of 70
percent was selected for lamp selection and sizing of the UV reactors.

Reactor Size. A maximum reactor size of 40 mgd was selected for developing conceptual
layouts for UV disinfection facilities at each WTP. This design flow appears to be an upper
limit for reliable performance of UV reactors at this time; larger flows would require larger
reactor vessels and greater lamp spacing within the reactor, which could increase flow
short-circuiting along the reactor walls, compromise the irradiance distribution in the
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reactor and impact the reduced equivalent dose (RED) rating of the reactor determined from
validation tests.

Reactor Redundancy. The number of standby UV reactor trains is based on providing
20 percent minimum redundant equipment capacity to ensure continuous disinfection
performance when a duty reactor is out of service.

2.6.7 Ozone/Ultraviolet Facility Layouts

Conceptual-level ozone and UV facility layouts were developed to determine space
requirements for constructing these facilities at the Springwells, Northeast, Southwest, and
Lake Huron WTPs. The following approach was used:

» Concept layouts for ozone and UV disinfection facilities were developed for a “model”
treatment plant with a design flow of 340 mgd, which is representative of design flows for
all DWSD WTPs, which have current nominal design capacities ranging from 240 to 540
mgd (LH WTP is expected to be expanded to 700 mgd before 2050).

* The layouts were based on the process design criteria presented in Tables 2-20 and 2-21.

* For the ozone system, separate layouts were prepared for an ozone generation building,
a liquid oxygen storage area, and an ozone contactor.

* For the UV system, a central UV facility layout was prepared.

* The concept layouts were used to establish overall footprint dimensions for the
Springwells, Northeast, Southwest, and Lake Huron WIPs by adjusting the length and
width dimensions, as necessary, to accommodate structural and equipment
requirements specified in the process design criteria tables.

2.6.7.1 Model Facility Layouts

Figures 2-29 through 2-33 present conceptual layouts of “model” ozone and UV facilities for
a design capacity of 340 mgd. The major features of these layouts are summarized below.
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* The ozone generation building occupies 9,540 square feet and includes an ozone
generation room, sodium bisulfite (or calcium thiosulfate) chemical storage area (for
ozone quenching), operators lab, and electrical HVAC and storage rooms. The ozone
generation room contains the following major equipment items: four 1,450-ppd ozone
generators and associated power supply units, five off-gas destruct units and blowers,
and cooling water pumps and heat exchanger units.

* The oxygen storage area occupies 3,360 square feet and includes three 11,000-gallon
horizontal liquid oxygen storage tanks and three ambient air vaporizers, all mounted on
a concrete pad.

* The ozone contactor occupies 19,200 square feet and includes four parallel contactor
trains. Two ozone dissolution chambers are provided in each train, each sized to deliver
100 percent of the design ozone gas flow. Inlet and outlet channels are provided for
distribution and collection of flows to and from the contactor trains. Two longitudinal
galleries are provided parallel to the contactor trains and two cross galleries are located
underneath the inlet and outlet channels. The sidewater depth of the contactor basins is
assumed to be 20 feet.

* The central UV facility occupies 16,000 square feet and includes 10 parallel 40-mgd reactor
trains (eight duty, two standby). Incoming flows to the UV facility are conveyed through
twin conduits and discharged into two inlet channels, which include perforated diffusion
walls for uniform flow distribution into the parallel reactor trains. Outgoing flows are
collected in two outlet channels and conveyed through twin outlet conduits to downstream
storage or pumping facilities. The UV equipment room layout will accommodate either MP
or LPHO reactors; the latter has larger footprint and clearance requirements than MP
reactors. Each reactor train includes motor-operated inlet and outlet valves and a flow
meter. Straight piping runs are provided upstream and downstream of the UV reactor for
accurate flow measurement and UV performance. A UV electrical/control room is located
on a second level of the UV facility to provide adequate space for power supply cabinets,
control panels, and uninterruptible power supply (UPS) cabinets.

2.6.7.2 Facility Footprints for DWSD Water Treatment Plants

Table 2-22 presents the overall footprint dimensions for the ozone and UV facilities for the
Springwells, Northeast, Southwest, and Lake Huron WTPs. These dimensions are based on
the model facility layouts discussed above and an analysis of structural and equipment
requirements to meet the design flow requirements for each treatment plant. They were used
to develop the site plans for the upgraded WTPs discussed in Sections 2.7 through 2.11.
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TABLE 2-22
Preliminary Footprint Dimensions of Ozone and Ultraviolet Disinfection Facilities
Process Train Location Facilities Northeast Springwells Southwest Lake Huron Water Works Park II
Footprint Area Footprint Area Footprint Area Footprint Area Footprint | Area
(ft) (sft) (ft) (sft) (ft) (sft) (ft) (sft) (ft) (sft)
Preozone System Between Low-Lift Ozone Contactor 150 x 128 19,200 [207 X718 24,426 128 x 98* 12,540 240 x 120 28,800 NA NA
Pump Station and Rapid Mix Ozong ?;nerator 106 x 90 9,540 186 X 90 16,740 90 x 90 8,100 210 x 90 18,900 NA NA
uilding
LOX Storage Area 60 x 56 3,360 100 x 56 5,600 42 x42 1,760 120 x 60 7,200 NA NA
Central UV System Between Filters UV Facility 160 x 90 14,400 NA NA NA NA NA NA NA NA
and Clearwell
Distributed UV System Between UV Facility NA NA NA NA NA NA 160 x 90 14,400 NA NA
Filters and Clearwell
Central UV System Between UV Facility NA NA 234 NA
Clearwell and High-Lift Pump Station 34 x 90 21,060 160 x 90 14,400 NA 160 x 90 14,400
D?stributed UV System Using Plant UV Facility 90 x 90 8,100 NA NA NA NA NA NA NA NA
Discharge Piping

* Ozonation facilities at the Southwest WTP are sited in post-settling location (intermediate ozonation).

2.7  Northeast Water Treatment Plant Improvements

This section presents major plant improvement needs, capacity expansion requirements and
recommended master plan improvements for the Northeast WTP. The design constraints for
implementing an integrated ozone/ UV disinfection strategy for the Northeast WTP are also
presented herein.

Recommended capital improvements for the first 10 years of the 50-year master plan period
for the Northeast WTP were based on information presented in the following completed or
ongoing DWSD engineering studies:

*  Northeast Water Treatment Plant Needs Assessment and 10-Year CIP Program, prepared by
Malcolm Pirnie/TYJT, DWSD Contract CS-1291, August 2002.

*  Preliminary Conceptual Basis of Design, Design/Build Contract for Northeast Water Treatment
Plant Waste Washwater and Sludge Treatment Facility, prepared by Tetra Tech MPS, DWSD
Contract NE-374, July 2002.

*  Filtered Water Storage, DWSD Contract DWSD-823 (need to find out if this report has
major clearwell recommendations for Northeast)

The integrated disinfection strategy for the Northeast WTP presented herein was developed

jointly with the Needs Assessment team, and is consistent with recommendations presented
in the NAS.

2.7.1 Plant Description

The Northeast WIP was constructed by DWSD in 1956 to serve a growing suburban
population north and east of the city. The plant is one of three plants treating raw water
from the Belle Isle intake, located on the Detroit River. Figure 2-34 presents a site plan of the
existing Northeast WTP. Figure 2-35 presents a schematic of the plant process train. The
basic components of the plant are summarized below.
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Section 2.10. Figure 2-38 presents a “zone of influence” map for the Northeast WTP, indicating
that the service area for this plant will remain relatively unchanged over the planning period.

FIGURE 2-37
System Demand Curve for Northeast Water Treatment Plant
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As seen in Figure 2-38, the Northeast WTP zone of influence will expand slightly towards
the south from 2000 to 2050. The upgraded Northeast WTP, as recommended in the Needs
Assessment report for completion in the next 10 years, will have sufficient capacity to meet
maximum-day demands through 2050 within its zone of influence for the DWSD distribution
system. Furthermore, future peak demands can be met with only three out of four
flocculation/sedimentation basins in service, which improves equipment redundancy and
overall reliability of the treatment process. Consequently, future plant expansions will not be
required at the Northeast WTP through the 50-year planning period.

2.7.5 Treatment Process Upgrading

2.7.5.1 Disinfection Improvements

This section discusses the plant siting and hydraulic gradeline constraints related to
implementation of an integrated disinfection strategy at the Northeast WTP, and
recommends a preferred siting arrangement for new ozone and UV disinfection facilities.
The footprints of new facilities were based on the process design criteria and model facility
layouts presented in Section 2.7. The recommendations presented herein were jointly
developed by the CWMP team with the Northeast WITP Needs Assessment team.

Facility Layout. Two facility-siting alternatives for ozone and UV facilities were evaluated for
the Northeast WTP, as shown in the site plan in Figure 2-39. These include:

* Alternative NE-1. Pre-ozone generator building, contactor, and oxygen storage area
located on west side of plant site across from the Chemical Building; central UV facility
located east of Filtered Water Junction Box No. 2.

* Alternative NE-2. Pre-ozone siting same as Alternative NE-1; distributed UV facility
located adjacent to four finished water piping alignments.

The advantages and disadvantages of each siting alternative are presented in Table 2-36. In
general, sufficient space is available for siting pre-ozone facilities along the west side of the
plant site, which provides convenient tie-ins to the existing raw water conduits and
minimizes the length of new raw and ozonated water conduits. No major demolition of
existing structures or relocation of underground utilities would be required at this site. With
respect to the UV system, a post-filter central UV facility (Alternatives NE-1) is preferred
over a distributed UV system (Alternative NE-2) to reduce construction costs and O&M
requirements. For comparison purpose, the ozone alone disinfection alternative site layout is
also shown in Figure 2-40. It is noted that this option requires much larger footprints than the
integrated ozone/UYV disinfection option.

Hydraulic Gradeline Analysis. Figure 2-41 presents the plant hydraulic gradeline profile for
Alternative NE-1 at a design flow of 340 mgd, with and without pre-ozone and post-filter
UV processes. A total headloss of 2 feet across the ozone contactors and 3 feet across the UV
facility was assumed for this conceptual analysis. It appears that the existing raw water
venturi meters and prechlorine chamber introduce a headloss of around 3 feet between the
outlet channel of the low-lift pumping station and the pretreatment basins. These facilities
could be eliminated through construction of a pre-ozone contactor with low headloss flow
meters, thereby offsetting the additional headloss across the contactor, and avoiding the
need to operate the low-lift pumping station at a higher discharge head.
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* Process Train. The plant includes two parallel treatment process trains, the 1930 and 1958
Trains, which can be hydraulically isolated and operated as separate treatment plants. The
conventional process train includes hydraulic or mechanical rapid mixing, mechanical
flocculation, horizontal-flow sedimentation, and dual-media gravity filtration.

* Chemical Systems. The chemical treatment systems include alum for coagulation, chlorine
for preoxidation and post-filter disinfection and phosphoric acid for post-filter corrosion
control. PAC is added intermittently to the mid point of the 1930 mixing chamber and the
inlet to the 1958 rapid mix chamber for seasonal T&O control.

* Finished Water Reservoirs. The plant includes three 20-million-gallon storage reservoirs
located on the east side of the plant for a total storage capacity of 60 million gallons.

* Finished Water Pumping. A total of 16 high-lift pumps pump finished water from the
reservoirs to the DWSD transmission and distribution system. There are eight pumps
dedicated to the high-pressure district and six to the intermediate-pressure district, with
two additional pumps available to either district.

2.8.2 Needs Assessment Report Findings

A Needs Assessment report for the Springwells WTP dated November 2002 was prepared
by the PMA /Hazen and Sawyer project team. The report identified process, mechanical,
electrical, HVAC, architectural, structural, and instrumentation system deficiencies and
recommended a 10-year prioritized CIP to remedy them. In general, the report found that
the plant’s treatment process and mechanical equipment have been in service since 1930 or
1958 original installations, require increasingly frequent preventive and corrective
maintenance, and should be replaced. The project team examined several alternatives
during development of the recommended improvements, including;:

* Upgrade the rapid mixing and chemical feed system. Upgrade the 1958 pretreatment
train to handle the 540-mgd plant flow, and retire the whole 1930 pretreatment train to
provide future process space needs.

» Complete replacement of all low- and high-lift pumps as well as the high-lift headers
and controls.

* Implement the residual management program that includes mechanical, continuous sludge
removal from the sedimentation basin, and provide onsite sludge dewatering capability.

* Rehabilitate the 1958 train filter underdrains and media, controllers, and monitors.
* Use of an integrated disinfection strategy involving ozone, UV, and chlorine.

Table 2-30 summarizes treatment process deficiencies and recommended improvements
identified by the Needs Assessment team. Table 2-31 presents a similar summary for the
low- and high-lift pumping stations. The associated costs for these capital improvements are
presented in Section 2.8.6.
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TABLE 2-30
Springwells Water Treatment Plant — Needs Assessment Findings: Treatment Process Deficiencies and Recommended

Improvements

Treatment Process Deficiencies

Recommended Improvements

Need to improve the rapid mixing at the 1930 and
1958 trains. The entire 1930 train should be

Install new mixing units in the 1930 and modify
the 1950 rapid mixing system.

> replaced in the future.
é The 1930 mixing chamber represents single
- conduit and can not be taken out of service
= without taken the whole 1930 train out.
14 At the stated design flow, the 1930 train rapid
mixing is deficient in design criteria as
recommended by the Ten States Standards.
c At the stated design flow, the 1930 train Upgrade the 1950 pretreatment train to
-% flocculation is deficient in design criteria as adequately treat 540 mgd, demolish the 1930
S recommended by the Ten States Standards. pretreatment train and Chemical Building, and
] provide space on site for intermediate ozonation
E and a residual handling facility. Install plates to
the 1958 sedimentation basin to increase its
Influent and effluent channels to the : .
. . . . . capacity to 540 mgd. Meeting Ten States
sedimentation basin represent single conduit and :
c t be taken out of service without taken the Standards on all pretreatment units.
s can no
5 whole 1930 train out.
'g At the stated design flow, the 1930 train
£ sedimentation is deficient in design criteria as
§ recommended by the Ten States Standards.
2] No mechanical, continuous sludge removal
mechanism in both 1930 and 1950 sedimentation
basins..
The 1958 filter gallery needs to be rehabbed as | The 1958 filter box should be rehabbed with new
what has been done to the 1930 filter gallery. underdrains and media, valves, rate controllers,
Concerns with the underdrains and media in the and remaining controls and control cabinet.
1958 filters. Rehab surfas:e wash system. Add surface. wash
Some of the influent, effluent, backwash, and to the 1930 filters. Motor valve operator will
drain valves have broken discs. replace the hydraulic valve operators.
[
2 Rate of flow and loss of head monitors are
ju malfunctioning
i The wood and Plexiglass walls are temporary Permanent walls around the filter bays, and
measures. Need heating/dehumidification installation of the heating/dehumidification units
equipment
Controls for the filter backwash pumps are Replace with new pumps and motors with VFD.
antiquated and inadequate.
No filter aid addition mechanism.(update: it since |Install the filter aid system for both 1930 and 1958
has been done under the SP-560) filters (will be done under SP-560)
. Current shunt operation does not provide Install new set of filtered water conduits between
% » adequate CT without pre-disinfection credit filters and 20-MG reservoirs; deactivate shunt
=% system
® g Water circulation in reservoirs is poor Provide separate reservoir inlets and outlets to
v 2 avoid bypassing of reservoirs
ex Install baffle walls near reservoirs inlet structures
. to promote better circulation of flow
— Not adequate storage and feeding capacity for the|Install new mixing units in the 1930 and modify
_g 3 g Alum and PAC. the 1950 rapid mixing system.
QO n
g L2 No mechanism for feeding the filter aid polymer. |(update: it since has been done under the SP-

560)
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TABLE 2-31
Springwells Water Treatment Plant — Needs Assessment Findings: Pumping Station Equipment Deficiencies and
Recommended Improvements

Equipment Deficiencies Recommended Improvements

Much of the Low Lift Pumps and controls dates Replace the entire lineup of low lift pumps,
c back to 1930 and 1958 original ones which is motors, electrical switchgear, and controls. The
o antiquated, unreliable, and maintenance intensive.|eight pumps will all be sized at 80 mgd each,
E resulting in a 560 mgd firm capacity. All suction
‘g, Six of the eight low lift pumps have cavitation and discharge valves should be replaced.
£ problems and premature impeller deterioration.
g‘ All of the pumps, valves, valve operators, and Several of the new pumps will be equipped with
& related controls in the low lift pump station are VFDs.
e maintenance intensive.
r Much of the Low Lift Pumps and controls dates Replace the entire lineup of low lift pumps,
% back to 1930 and 1958 original ones which is motors, electrical switchgear, and controls.
- antiquated, unreliable, and maintenance intensive.

The high lift pumps are old and may be operating |The 12 new pumps, sized at 60 mgd each, will
c beyond their design capacities during high replace the existing 16 high lift pumps. Seven of
,g demand periods. the pumps will be on the high-pressure district and
g 'All of the pumps, valves, valve operators, and fiye on the intermedi'ate pressure district. All
o related controls in the low lift pump station are discharge and isolation valves should be replaced
£ maintenance intensive. with the new ones.
g Leaking seals make the standby pumps difficult to
o prime and start
§ The high lift header was constructed in 1930 and |Replace the entire high lift header system. The
= may not worth to rehabilitate proposed one will be a double header. The new
%’ configuration will require significantly less piping

and valving, and lower installation cost and
reduced long term maintenance.

The Needs Assessment report also discusses an integrated disinfection strategy for the
Springwells WTP that was jointly developed with the CWMP team. The report recommends
that both ozone and UV treatment facilities be installed at the plant to meet DWSD's
disinfection and T&O water quality goals.

2.8.3 Residuals Treatment Facility Report Findings

The contract scope of work under the CS-1315 on the Springwells WTP is currently on hold
due to the complexity of the proposed Needs Assessment work that also calls for major
rehabilitation of the sedimentation basins, e.g., abandoning the 1938 pretreatment train and
freeing up the space for future processes, adding plate settlers to the 1958 sedimentation
basin to upgrade its capacity to 540 mgd, etc. However, the residual management concept
for the Springwells WTP is similar to the Northeast and Southwest WTP residual
management plan. Potential modifications to the 1958 sedimentation basins will include the
installation of a mechanical sludge collection system and sludge pumping station to pump
alum sludge to the new residual treatment facility. The residual treatment facility will likely
consists of the following system components:

* Alum sludge equalization basins

* Thickened sludge storage tank
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The advantages and disadvantages of each siting alternative are presented in Table 2-33. In
general, sufficient space is available for siting pre-ozone facilities along the west side of the plant
site, which provides convenient tie-ins to the existing raw water conduits and minimizes the
length of new raw and ozonated water conduits. No major demolition of existing structures or
relocation of underground utilities would be required at this site. With respect to the UV
system, a post-filter central UV facility was utilized for both Alternatives SPW-1 and SPW-2.

For comparison, the ozone alone option site plan is also shown in Figure 2-49. The footprints
of ozone alone option are significantly larger than the integrated ozone/UV disinfection.

2.8.5.2 Hydraulic Gradeline Analysis

Figure 2-50 presents the plant hydraulic gradeline profile for Alternative SPW-1 at a design
flow of 540 mgd, with and without pre-ozone and post-filter UV processes. A total headloss
of 2 feet across the ozone contactors and 3 feet across the UV facility was assumed for this
conceptual analysis. The following conclusions are of interest:

* The water surface elevation in the clearwell and high-lift pumping station suction well
will drop by about 3 feet at design flow due to upstream headlosses imposed by the UV
facility. This will reduce the storage capacity of the finished water reservoirs and the
maximum submergence on the high service pumps.

» Itappears that the addition of intermediate ozone and post filtration UV facilities into
the plant process train will not require the construction of a new intermediate pumping
station or modifications to the existing pumping stations. This should be confirmed
during preliminary design of these facilities.

2.8.5.3 Recommendations

The two siting alternatives for the Springwells WTP were ranked using evaluation criteria
and weights, as shown in Table 2-34. The weights were assigned based on discussions with
DWSD plant staff, reflecting their relative importance. A rating score from 1 to 5 was used to
rank each alternative against the evaluation criteria. A score of 5 was assigned to the
top-ranked alternative for each criterion and the other alternatives were ranked relative to
the top-ranked alternative. Alternative SPW-1 received the slightly higher score than SPW-2,
outscoring Alternative SPW-2 in two out of seven criteria (one lower score, four equal
scores) categories. Based on these results, it is recommended that Alternative SPW-1 be
selected for implementation of an ozone/UV disinfection strategy at the Springwells WTP.
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*  Process Train. The conventional process train includes mechanical rapid mixing, mechanical
flocculation, horizontal-flow sedimentation, and declining-rate dual-media gravity filtration.
The plant has four rectangular walking beam flocculators and four sedimentation basins.
There are two filter galleries severing 20 double-bed filters (40 individual filters).

* Chemical Systems. The chemical treatment systems include: alum for coagulation,
chlorine for preoxidation, intermediate after settling, post-filter disinfection, and
reservoir return chlorination; and phosphoric acid for post-filter corrosion control. PAC
is added intermittently to the rapid mix chamber for seasonal T&O control. PAC can
also be added at the low-lift pump station.

* Finished Water Reservoirs. The plant includes three 10-million-gallon aboveground
storage reservoirs located on the west end of the plant for a total storage capacity of
30 million gallons.

* Finished Water Pumping. Seven high-lift pumps pump finished water from the
reservoirs to the DWSD transmission and distribution system.

2.9.2 Needs Assessment Report Findings

A Needs Assessment report for the Southwest WIP dated May 2003 was prepared by the
PMA /Hazen and Sawyer project team. The report identified process, mechanical, electrical,
HVAGC, architectural, structural, and instrumentation system deficiencies and recommended
a 10-year prioritized CIP to remedy them. In general, the report found that the plant, being
one of the newer plant (only older than the new Water Works Park II and Lake Huron
WTPs) among the current DWSD operating plants, is in need of the least amount of capacity
expansion and rehabilitation. However, some component of the plant’s treatment process
and mechanical equipment have been in service for near 40 years, require increasingly
frequent preventive and corrective maintenance, and should be rehabilitated, repaired, or
replaced. The project team examined several alternatives during development of the
recommended improvements, including:

*  Repair the alum loading dock and alum storage tank; relocate the fluoride dosing point from
rapid mix to the filter effluent; replace the existing wet scrubber with a dry pellet scrubber.

* The CWMP has a projected maximum-day demand from Southwest WTP of 205 mgd
through 2050, which would not require upgrade to the low-lift capacity. To be flexible
and conservative, DWSD could elect to rehabilitate and add an additional 30 mgd pump
to the low-lift to enable the plant to meet its design capacity of 240 mgd. Some electrical
upgrades and travelling bridge crane repair for low- and high-lift pump stations are
needed.

* Implement the residual management program that includes the mechanical, continuous
sludge removal from the sedimentation basin; provide sludge thickening and backwash
treatment facility; and provide permanent onsite sludge dewatering and conveying
capability. This scope will be addressed by SW-548.

e Rehabilitate the filter underdrains and media, controllers, and monitors. Convert the
filter operation from a declining rate mode to constant rate mode.

* Use an integrated disinfection strategy involving use of ozone, UV, and chlorine.
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Table 2-37 summarizes treatment process deficiencies and recommended improvements
identified by the Needs Assessment team. Table 2-38 presents a similar summary for the
low- and high-lift pumping stations. The associated costs for these capital improvements are
presented in Section 2.9.6.

The Needs Assessment report also discusses an integrated disinfection strategy for the
Southwest WTP that was jointly developed with the CWMP team. The report recommends
that both ozone and UV treatment facilities be installed at the plant to meet DWSD's
disinfection and T&O water quality goals.

2.9.3 Residuals Treatment Facility Report Findings

The ongoing DWSD Contract CS-1305 is still finalizing the plan for the residual treatment facility
at the Southwest WTP. The actual engineering design and construction project will be performed
by a separate project once the contract is awarded. There are still possibilities of future changes
regarding the plan and actual constructed facilities. However, the current information from
DWSD is sufficient to describe the major processes of the new treatment facilities.

29.3.1 Current Backwash and Residual Handling Processes

Sludge disposal at the Southwest WTP has historically been a challenge. The plant is located
outside the City of Detroit’s wastewater collection system service area. Discharge limitations
on sludge disposal to the sewer system imposed by the local sewer authority (City of Allen
Park) and sludge hauling contract constraints have restricted the plant’s flexibility to
dispose of alum sludge that accumulates in the settling basins.

As with the Northeast and Springwells WTPs, there is no continuous mechanical sludge
removal from the settling basins, which requires manual cleaning of the basins every year
(half of the basins are cleaned in spring, the other half of the basins are cleaned in fall, and
each cleaning lasts about 6 weeks), resulting in the interruption of the plant operation. The
current sludge removal, treatment, and disposal processes at the Southwest WTP are time
consuming and labor intensive. These existing processes also possess weak links such as
susceptibility to mechanical breakdown and the lack of backup equipment, in particular a
backup centrifuge for the dewatering process.

The plant also recycles filter backwash water to the low-lift caisson, where it recycles
through the treatment processes. DWSD has decided to eliminate the practice of recycling
backwash water at all its plants in the near future.

There are four flocculation and settling basins at the Southwest WTP. The plant typically
cleans a pair of basins at the same time. The cleaning processes include:

* Draining the clean water from the basin to the drain pump by opening the mud valve in
the cross conduit at the downstream end of the settling basins. When the water level in
the settling basin reaches the elevation of the submerged weir, the next upstream mud
valve is opened to decant the final few feet of clear water.

*  Opening the mud valve at the upstream end of the basin where the sludge accumulation
is the deepest. The sludge is drained by gravity until the flow stops. The cleaning crews
then enter the basin and hose the remaining sludge to liquefy it and move it towards the
nearest mud valve to drain it from the basin.
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TABLE 2-37
Southwest WTP — Needs Assessment Findings: Treatment Process Deficiencies and Recommended Improvements
Treatment Process Deficiencies Recommended Improvements
Rapid Mixing |No deficiencies identified No improvement recommended in near term.
Flocculation |existing basin flushing water supply line has replace all flushing supply lines
significantly deteriorated, and leaked at the
locations where the pipe branches pass through
structural walls.
Many effluent butterfly valves are leaking and Replaced with new
making total basin isolation impossible.
Some basin effluent butterfly valve operators are [Replaced with new
not functional.
Basin flushing water pumps are unreliable, Replaced with new

- resulting in inefficient and time-consuming basin

o cleaning process.

g Much of the wetted areas of the basin concrete  |To be repaired

7] surface has deteriorated, further deterioration will

-_g shortening the service life of the basins

é No mechanical continuous sludge removal CS-1315 to address. See residual management
system. Time consuming and labor-intensive Table.
manual basin cleaning required every year.
existing basin flushing water supply line has replace all flushing supply lines
significantly deteriorated, and leaked at the
locations where the pipe branches pass through
structural walls.

Currently rapid sand gravity type; declining rate; [Replace the existing orifice plates with remote
no filter rate control valves. Each effluent pipe is |control valves and associated controllers. All
fitted with an orifice plate which prevents valves in the pipe galleries to be oulffitted with
excessive flow through the filter and acts as a electric actuators. Install Magnetic or ultrasonic
metering device. The declining rate filter operating|flow meters.

mode is not ideal, and limit the filter capacity to

200 mgd.

Current clay tile underdrain systems need to be  [Inspect, clean, repair, or replace with IMS cap if
inspected, deficiencies should be repaired or necessary.

c replaced.

o The current media mix (7" anthracite, 22" sand) |New filter media with maximum practical depth,

E should be modified; Support gravel layers to be  |and with the new mix of 12" sand and 17"

E modified anthracite. Support gravel should be installed.
The surface wash system have leaks, or A new surface wash system equipped with new
deteriorated or plugged piping and valves electrically operated valves should be installed
All existing filter controls are near 40 years old, New controls and on-line instruments to be
and control consoles are deteriorated installed. New cabinets and PLC-based controls

should be installed.
No on-line level gauges or differential pressure Install
gauges for filter monitoring
Problems with air in the washwater supply retrofit the existing headers with air release valve.
headers
No filter aid addition mechanism. Install the filter aid system.
The existing lead-lined alum tanks are old and Need a in-depth evaluation and repair; replace the
need immediate repair. lead linings in both tanks.
Chemical loading dock has significant structure  |Repair immediately
deterioration, its failure would seriously interrupt

g the plant operation

b Current fluoride dosing point at Rapid mix is not [Relocate the fluoride dosing point to the filter

& ideal effluent will improve the efficiency of fluoride

kS treatment and eliminate the loss of fluoride in the

5 pretreatment processes.

© The PAC and fluoride system components, such |Replace with new system and to be sized

E as piping, transfer pumps, and metering sufficiently handle the 240 mgd capacity. Provide

g equipment, are past their useful lives. Meters of [Day tanks for the fluoride and alum systems.

o PAC system is for up to 180 mgd.

Inoperable ball valves and other rehab needs for |Rehab and repair

the chlorine storage and feed system.

The existing wet caustic scrubber is O&M To be replaced with a dry pellet scrubber
intensive
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TABLE 2-38
Southwest Water Treatment Plant—Needs Assessment Findings: Pumping Station Equipment Deficiencies and
Recommended Improvements

Equipment Deficiencies Recommended Improvements
The current low lift firm pumping capacity is 210 |Add additional pumping capacity, or replace one
mgd, the Needs Assessment uses the rated of the smaller pumps with a larger one and VFDs.

capacity of 240 mgd, additional 30 mgd will be
required to meet the rated capacity

The existing travelling screen is not in good Repair the existing one, add a new one.
shape, and its capacity is short of 240 mgd
No automatic sluice gates/stop logs in the Install automated ones

Equalization Chambers

Structural and architectural rehab of the High and |Rehab
Low Lift Building are needed.

The large travelling bridge crane in the Low Lift Upgrade
and High Lift areas required electrical upgrades.

Low and High Lift Pumping
Stations

The sludge mixture collected by the mud valve is conveyed by gravity to Drain Sump No. 1,
where is pumped to the clarifiers. This sump is equipped with three 20-inch vertical
submerged, two-stage, axial-flow impeller pumps, each rated at 1,000 gpm at 50 feet of
head.

The sludge from the drain sump is pumped to one of the two 150-foot-diameter circular
clarifiers. The first clarifier is used for clear water and dilute sludge drainage from the basin
flushing process. The second clarifier is used as a gravity sludge thickener and
homogenizer. The underflow from the first clarifier is also sent to the second clarifier.

The clarifier underflow ranged from 7 to 8 percent in solid content, and is drawn into a
duplex well and pumped to the dewatering facility using two 300 gpm (rated 80 feet of
head), 12-inch, centrifugal sludge transfer pumps.

The dewatering facility is a rental centrifuge located in a temporary building. It is a
Sharples-Stokes solids bowl decant type centrifuge. The centrifuge is rated for 3,200 g
(gravitational force) when operating at 3,000 rpm. In addition to the centrifuge, the
dewatering facility contains a 7,200-gallon fiberglass polymer storage tank, polymer mixing
tank, mixing equipment, transfer pumps, and feed pumps. The centrifuge sludge cake
averaged about 27 percent solid content.

The centrate from the centrifuge is discharged to Wayne County Wyandotte Wastewater
Treatment Plant (WWTP) via an Industrial Pretreatment Program permit. The clarifier
overflow is discharged to the Sexton-Kilfoil Drain adjacent to the plant via an NPDES permit.

2.9.3.2 Proposed Future Backwash and Residual Treatment Processes

The proposed residual and backwash management process for the Southwest WTP by the
SW-548 will likely consist of the following system components:

* Continuous mechanical sludge removal mechanisms in each basin, e.g., chain-and-flight
sludge collector. The existing conventional sedimentation basins will be proposed to be
retrofitted with a new chain-and-flight sludge collection system. The sludge scraper may
traverse at least two-thirds of the longitudinal length of the settling basins. The sludge
will be collected at the existing collection hopper at the upstream end of each basin. The
sludge will be sent to the clarifier.
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Figure 2-55 indicates that the zone of influence of Southwest WTP is relatively similar in
2050 when compared to 2000, except it is expected to expand slightly northward between
2000 and 2050. The upgraded Southwest WTP, as recommended in the Needs Assessment
report, will have sufficient and reliable capacity to meet maximum-day demands through
2050 within its zone of influence for the DWSD distribution system. Consequently, future
plant expansions will not be required at the Southwest WTP through the 50-year planning
period.

2.9.5 Integrated Disinfection Requirements

This section discusses the plant siting and hydraulic gradeline constraints related to
implementation of an integrated disinfection strategy at the Southwest WIP, and
recommends a preferred siting arrangement for new ozone and UV disinfection facilities.
The footprints of new facilities were based on the process design criteria and model facility
layouts presented in Section 2.6. The recommendations presented herein were jointly
developed by the CWMP team with the Southwest WTP Needs Assessment team.

29.5.1 Plant Siting Analysis

Two facility-siting alternatives for ozone and were evaluated for the Southwest WTP, as
shown in the site plan in Figure 2-56. These include:

* Alternative SW-1. Intermediate ozone generator building, contactor and oxygen storage
area located on north east side of the plant and across from the north sedimentation
basins; central UV facility located north of the main office/ pump building next to the
service road, or north of the existing emergency generators, between the reservoirs and
high-lift pump station. A single UV facility located on the reservoir return line would
have the UV reactors mounted below grade. A superstructure above the UV vaults
would provide space for a bridge crane, switch gear, power supply units and potentially
uninterrupted power supply (UPS), laydown area for equipment, and storage and
maintenance areas. Eight 40-mgd reactors would provide treatment, which allows for
two reactors to be out of service, at a plant design capacity of 240 mgd. Flow metering,
an inlet isolation valve and an outlet flow control valve would be provided for each
reactor. Conceptually, the facility would be arranged with two reactor vaults, four
reactors per vault. The inlet distribution channels and outlet collection channels to each
vault would be provided with isolation capabilities to allow half of the facility to be
taken out of service. A control weir would typically be constructed downstream of the
collection channel to keep the lamps in the UV reactors submerged at all times; however,
it may not be needed for the Southwest WIP pending further hydraulics study.
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* Alternative SW-2. Intermediate ozone siting same as Alternative SW-1; central UV
facility located north of the low-lift caisson. The existing two vaults of the transfer
pumps discharge line has minimal space for accommodating the multiple UV reactors,
as one reactor is not sufficient to match the largest transfer pump which is rated at
60 mgd. The proposed scheme as described in the NAS will assume the replacement of
the transfer pumps in the future, then the pump discharges could be raised above the
operating floor elevation of 609 feet and sufficient space on the operating floor might
allow for an acceptable installation. With the transfer pumps sized at 60 mgd, discharge
piping from a pair of pumps will have a total capacity of 120 mgd that could be fitted
with three 40-mgd UV reactors. A fourth 40-mgd reactor could be installed for reliability
of the UV process. With four transfer pumps in total, two UV trains with two pumps per
train could be configured. A total of eight 40 mgd UV reactors would provide the
necessary treatment capacity with a spare reactor on each train. Existing floor space
could be used for a laydown area for working on equipment. Switchgear, power supply
units and UPS could be located on the operating floor, or in additional space, which
could be constructed immediately north of the high-lift area. The advantages and
disadvantages of each siting alternative are presented in Table 2-40. In general, sufficient
space is available for siting intermediate ozone facilities along the north side of the plant
site, which provides convenient tie-ins to the existing settled water effluent conduits and
minimizes the length of new settled and ozonated water conduits. No major demolition
of existing structures or relocation of underground utilities would be required at this
site.

With respect to the UV system, a central UV facility (Alternatives SW-1) on the reservoir
return line is preferred from the operation and maintenance point of view over a central
system (Alternative SW-2) at the transfer pump discharge line.

TABLE 2-40
Advantages and Disadvantages of Integrated Disinfection Siting Alternatives for the Southwest Water Treatment Plant

Alt. No. Advantages Disadvantages
SW-1 A single, centralized UV facility The numbers of reactors required to be in service are subject to the high-lft
between the reservoirs and high pumping flow, which may have higher fluctuations than the low-lift pumping flow.
service pumps Such changes need to be forecasted to allow sufficient time for lamp warm-up.
Simpler operation and fewer UV This alternative would require all the filtered water to be directed (transferred) to
reactors the reservoirs prior to the high-lift pump station. This would eliminate the shunt

) . channel operation mode that plant uses to conserve energy.
Will use less space, and easily

accommodated at the proposed The minimum reservoir water level needs to be maintained to allow the sufficient

site available head, which also varies along with the water level in the reservoirs.
SW-2 Additional head requirements for Complexity of the piping for such installation.

the UV devices, piping and o . o o

appurtenances can be designed Designing around the existing gate openings into the equalization chambers.

into the pump characteristics Elimination of the shunt operation to the high-lift pumps.

Installation would be inside an
existing structure

Use of existing floor space

Use of existing crane
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29.5.2 Hydraulic Gradeline Analysis

Figure 2-57 presents the plant hydraulic gradeline profile for Alternative SW-1 at a design
flow of 240 mgd, with and without intermediate ozone and post-filter UV processes. A total
headloss of 2 feet across the ozone contactors and 3 feet across the UV facility was assumed
for this conceptual analysis. It appears that the addition of intermediate ozone may require a
transfer pump station, and the UV facilities into the plant process train will not require the
construction of a new intermediate pumping station or modifications to the existing
pumping stations. These should be confirmed during preliminary design of these facilities.

2.9.5.3 Recommendations

The two siting alternatives for the Southwest WTP were ranked using evaluation criteria
and weights, as shown in Table 2-41. The weights were assigned based on discussions with
DWSD plant staff, reflecting their relative importance. A rating score from 1 to 5 was used to
rank each alternative against the evaluation criteria. A score of 5 was assigned to the
top-ranked alternative for each criterion and the other alternatives were ranked relative to
the top-ranked alternative. Alternative SW-1 received the highest score, outscoring
Alternative SW-2 in three out of seven criteria categories with no criterion receiving lower
score. Based on these results, it is recommended that Alternative SW-1 be selected for
implementation of an integrated disinfection strategy at the Southwest WTP.

2.9.6 50-Year Capital Improvements Plan

A summary of the recommended Southwest WIP improvements and opinions of probable
costs (in 2002 dollars) for the 50-year master plan period is presented in Table 2-42. Specific
projects are listed for the first decade period (2004 to 2013) based on recommended
improvements from other projects, including the NAS for the Southwest WTP. A priority
ranking is also assigned to these projects, consistent with the ranking methodology used in the
NAS. Capital improvements for the remaining decade periods (2014 through 2050) are based
on an allowance for replacement of major equipment items, assuming a 30-year service life.

The CWMP CIP for the Southwest WTP is restricted to major process/mechanical
improvements for the treatment process train and pumping stations. Based on site
inspections performed by the Needs Assessment team, it appears that the existing concrete
structures at the Southwest WTP are generally in good condition. It was assumed that these
structure would not need to be replaced over the 50-year master plan period.
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In 1996, a variable frequency drive (VFD) was installed on the 100-MGD pump located in
pump position 1. This action was taken to enhance the flexibility of the LHWTP to
accommodate changes in production demand throughout the day. Prior to installation of the
VEFD, the plant could only react to changes in distribution demand by flow increments of
100 MGD. This fluctuation in process flow rate would significantly strain unit process
performance. The VFD was installed under DWSD Contract, CS-1151- Low Lift Pump Variable
Frequency Drive.

In addition to the four existing pumps, four open pump shafts were constructed within the
low lift facility for future installation of pumps (see Figure 2-60). Although openings were
constructed for future pumps, the header conduit to which these pumps would discharge
was not provided during the original plant construction. Space adjacent to the east face of
the low lift building exists for the future installation of pump discharge and screened raw
water conduits, mirroring those provided on the west side of the Low Lift Building. The low
lift facility was designed to accommodate an ultimate hydraulic capacity of 1,200 MGD.

Raw water from the existing low lift pumps is conveyed from the pump discharge conduit
through traveling screens en route to pretreatment. The traveling screens were installed to
combat an alewives fish population outbreak on the Great Lakes in the 1960’s. Traveling
screens were selected over fixed screens because of the problems in handling the massive
influx of alewives. The exponential growth in the numbers of alewives was attributed to a
die-off in the number of predator fish in the Great Lakes. The population of alewives has
since diminished and stabilized at a point that they no longer pose a concern.

Two 14" wide by 14’-6” tall conduits convey water from the screened water conduit of the
Low Lift Building to the flocculation basins, as shown in Figure 2-60. These conduits are
referred to as the North and South Raw Water Conduits. Each conduit contains a venturi
flowmeter with a 5’-7 1/2” throat width with a constant height of 14’-6”. Under current
normal operating conditions, raw water flow is routed through the north conduit to
Flocculation Basins 1 and 2. The South Raw Water Conduit was installed to serve future
flocculation/sedimentation basins as well as to provide redundancy. Each conduit was
designed to have a hydraulic capacity of 600 MGD. When the north conduit must be
removed from service, flow may be routed through the south conduit by isolating the north
conduit with stop logs. Raw water routed through the south conduit is conveyed to the
conduit’s west end where the flow passes through a 12" wide by 6’ tall sluice gate opening
(see Figure 2-60) into the west end of the north conduit before discharging to the channel
feeding Flocculation Basins 1 and 2. Plant personnel indicate that operating in this manner
reduces the hydraulic capacity of the LHWTP to approximately 340 MGD due to the
additional headlosses incurred by routing flow through the restricted sluice gate opening.

* Pretreatment.. The pretreatment system consists of chemical application, rapid mix
and flocculation.

» Chemical Application. Chemical pretreatment application includes the addition of alum
for primary coagulation, polymers to enhance the coagulation process, filter aid to
ensure filter performance, and chlorine for pre-oxidation of organic matter.
Powdered carbon is added intermittently for seasonal taste and odor control.
Hydrofluorosilic acid is added to provide fluoride benefits. Further discussion of
chemical application systems can be found in Section 2.10.1.6.
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» Rapid Mixing. Four rapid mixers are used to disperse coagulants and other treatment
chemicals. The original plant design included four vertical turbine rapid mixers -
two each within the two raw water conduits. Shortly after the installation of the
original equipment, the mixers experienced excessive vibration leading to failure.
The LHWTP relied on the hydraulic mixing provided by venturi chambers for
chemical mixing until 1998 and 1999, when four new rapid mixers were installed in
the north and south raw water conduits to replace the original failed equipment
(DWSD contract LH- 384 - Pretreatment Improvements & Filter Control Modifications).
In addition to the new rapid mixers, baffles were installed in rapid mix channels to
maximize energy transfer to the water at all ranges of plant flow. Each rapid mix
unit consists of a single blade (84-inch diameter) vertical axial turbine impeller,
which operates at a constant speed of 68 rpm. The rapid mix drives are 30
horsepower synchronous motors.

* Flocculation. Chemically treated water flows from the North Raw Water Conduit into
two parallel flocculation basins. The basins are each divided into four compartments
by internal “over/under” baffles designed to provide tapered mixing and minimize
short-circuiting. The tapered mixing intensities are accomplished within four
chambers containing one, two, three and four horizontally mounted radial turbine
impellers, respectively (see Figure 2-60). Each basin has approximate dimensions of
170" X 145" and operating depth of approximately 17 feet. The operating volume of
each basin is approximately 3.1 million gallons. Table 2-45 presents loading rates
determined for the flocculation basins based on a range current and potential future
flow rates.

TABLE 2- 45
Lake Huron Theoretical Flow Velocity and Detention Time for Existing Flocculation Basins

Plant Flow (MGD)

200 300 400 500 600
Velocity Single Basin 1.0 1.5 20 2.5 3.0
(ft/min) Two Basins 0.5 0.75 1.0 1.25 1.5
Detention Single Basin 22 15 11 9 8
Time (min)
Two Basins 44 30 22 18 15

The Ten States Standards recommends a horizontal flow through velocity for the
flocculation process within a range between 0.5 and 1.5 ft/ min and 30-minute detention
time for floc formation under cold-water conditions. With two flocculation basins in
service, the LHWTP meets the velocity criterion for ranges of flow up to 600 MGD. The
current LHWTP flocculation system will provide the recommended 30 minutes of
detention time up to flows of 300 MGD. The Partnership for Safe Water design guidelines
recommends minimum hydraulic detention time of 10 minutes for “modified” direct
filtration treatment facilities like the LHWTP. By the PSW guidelines, the floc detention
time is satisfied to theoretical flow rates up to 883 MGD; however, the flocculation
basins will not be required to operate at this flow rate as incoming flows are limited to
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600 MGD, which is the capacity of the North Raw Water Conduit feeding flocculation
system. Flocculation detention time at 600 MGD is 15 minutes which is the upper range
of the PSW recommended flocculation detention time under the direct filtration mode.

2.10.1.2 Contact Basins.

The existing plant includes two basins formerly classified for solids settling under the
LHWTP’s conventional treatment classification and currently as “contact” basins under the
modified direct filtration mode of operation. Each basin has dimensions of 153" wide by 611’
long and operating depth of approximately 17 feet. This equates to a volume of
approximately 11.9 million gallons each. Theoretical contact times at varying flow rates are
shown in Table 2-46 below. Contact times range from 169 min (200 MGD) to 56 min (600
MGD). Water from the contact basins flows over V- notch effluent weirs, and is conveyed
through settled water gullets to the head of the Filter Building.

TABLE 2- 46
Lake Huron WTP Theoretical Detention Time for Contact Basins

Plant Flow (MGD)

200 300 400 500 600
Contact Time Slngle Basin 85 57 42 34 28
(min) Two Basins 169 114 84 68 56

2.10.1.3 Filtration and Backwashing.

The Filter Building includes four filter galleries, each gallery serving 2 banks of filters and
each bank containing five filters for a total of 40 filters. The plant currently operates 30 of
these filters. The remaining 10 filters were installed for future plant expansion and consist of
a filter box with underdrain system; however, these 10 filters were not equipped with
media, backwash piping, effluent piping or controls (see Figure 2-61).

The 30 operable filters are dual media gravity filters having a surface area of 2,320 sf each.
All filters are equipped with a Wheeler™ underdrain system. Twenty of the 30 filters have
operated since the plant’s commissioning in 1974. Ten filters (nos. 21-30) were equipped
with media piping and controls in the Fall of 2001 to increase plant capacity under the
DWSD Contract, LH 386 - Lake Huron Water Treatment Plant Filtration Capacity Improvements.
Under the same contract, the original media within the Filters 1-20 was replaced.

At the plant’s current permitted capacity of 300 MGD, the filters operate at an equivalent
loading rate of 3.0 gpm/sf (or 3.1 gpm/sf, with one filter out of service). It is anticipated that
the LHWTP will be permitted in the Fall of 2004 for a capacity of 400 MGD; at that time the
filter-loading rate will be 4.0 gpm/sf (or 4.1 gpm/sf, with one filter out of service). Each
filter media bed is comprised of approximately 18-inches of anthracite coal and about 7-
inches of silica sand. The filter is supported by 14-inches of reverse graded gravel above the
Wheeler™ underdrain system.

Filter rates can be controlled in one of the two operational modes. The first is a constant rate
control mode under which all filters operate at a constant filtration rate throughout their
filter runs. This was the original mode of filter operation for the LHWTP. The constant rate
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is achieved by modulating the filter effluent valves, which open incrementally during the
course of a filter run in response to headloss experienced in the filter. As the filter becomes
clogged, the headloss increases and the flow decreases which signals the controller on the
effluent valve to open and reduce system headloss and increase flow back to the set point.
This process is carried out until the headloss through the filter reaches 6 feet and the filter
run is terminated. A disadvantage of the constant rate control mode is that at during periods
of low demand not all filters need to operate to meet the flow requirement. During these
periods filters may remain idle for extended durations, which can lead to water quality
concerns as chlorine residual dissipates over time.

In order to avoid filters remaining idle for extended periods of time, the original filter
controls were modified in 1998 under DWSD Contract, LH 384 - Pretreatment Improvements
& Filter Control Modifications. The modified control system provides an automated
adjustment of filter flow rates corresponding to the depth of the applied water in the settled
water gullets at the head of the Filter Building. This system functions to maintain an equal
flow split among all of the operational filters. With this control system all filters can be kept
operational at all times since the filter effluent rate is varied in response to the level of water
monitored in the settled water gullet. As plant flow rate goes up and the applied water level
rises, the required flow through all the filters is obtained by individually opening the filter
effluent valves. Likewise as the plant flow decreases, the applied water level begins to lower
and the required flow through filters decreases. In this way, the filter control system

uniformly varies the flow through all operational filters in proportion to the change in the

applied water level.

TABLE 2- 47

Lake Huron WTP Filter Design and Operating Criteria

Parameter

Filter Criteria

Filter Area
Underdrain

Media Support Depth
Sand Depth

Sand Effective Size
Anthracite Depth
Anthracite Effective Size
Design Filter Rate
Low Wash Rate

High Wash Rate
Surface Wash Units

2,320 sf

Wheeler™

14-inches reverse graded
7-inches

0.55 - 0.60 mm

18 inches

0.85—0.90 mm

Constant

24,300 gpm

42,000 gpm

Rotating surface wash
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Filter backwashing is initiated based on the following criteria:

 Filtered water turbidity exceeds 0.1 NTU,
* Loss of head through filter reaches 6 feet, or
e Filter run time reaches maximum of 60 hours

Plant experience indicates that turbidity break-through commonly occurs at a headloss of
approximately 8.25 feet.

Filter backwash water is provided by a system of four 60 MGD pumps located in the High
Lift Station (see Figure 2-61). The pumps located in positions 1, 2 and 3 are original plant
equipment. The fourth pump was installed in 2000 under the DWSD Contract, LH-387-
Clearwells and Suction Wells Improvements. Pumps 1 and 4 draw water from the High Lift
Station Suction Well. Pumps 2 and 3 draw water from a conduit connection with the Filtered
Water Influent Channels.

The rates and duration of backwash are generally 35 MGD for 7 minutes (low wash) and 60
MGD for 5 minutes (high wash), respectively, in the cold water conditions. The backwash
conditions in summer conditions are one-minute shorter for both the high and low
washwater rates.

The Plant currently recycles backwash wastewater, however, the practice of filter
washwater recycle has prompted concerns of the Cryptosporidium passthrough the treatment
processes. LHWTP initiated an alternative backwash wastewater treatment process to
eliminate the recycle of backwash water, and to satisfy one of the conditions that MDEQ has
set for LHWTP to achieve a 400 mgd plant rating under the “modified” direct filtration
operating mode. The DWSD Contract LH-391- Waste Washwater and Residuals Treatment is
currently under construction and will be completed in the Fall of 2004. Details of the new
washwater and residuals treatment facility are provided in Section 2.10.2.

2.10.1.4 Finished Water Clearwells.

The LHWTP has three-finished water clearwells, referred to as Clearwells 1, 2 and 3 (see
Figure 2-61). Clearwells 1 and 2 are below-grade 15-million gallon reinforced concrete
basins and are located north and south of the High Lift Station, respectively. Clearwells 1
and 2 were constructed with the original plant. Clearwell 3 is a 14 million-gallon above-
grade pre-stressed concrete basin constructed in 1998 under DWSD Contract, LH-390
Clearwell #3 Design-Build, Lake Huron Water Treatment Plant. Filtered water flows through the
clearwells to the High Lift Station suction well.

The DWSD contract, LH-387-Clearwells and Suction Wells Improvements provided for the
repairs and upgrade Clearwells 1 and 2, to bring them into compliance with the Ten States
Standards recommendation for water storage reservoirs. The major elements of this work
included crack repairs within the clearwells and addition of membrane liners over the roofs
of the clearwells to prevent infiltration of foreign materials and water. The work also
included improvements to perimeter drains to allow for collection and discharge of
stormwater and footing drain flow. This work was completed in 2000.

2.10.1.5 High Lift Pumping and Suction Well.

The High Lift station at the LHWTP includes eight vertical 60 MGD pumps driven by
synchronous electric motors. The pumps lift water from the Suction Well located below. The
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High Lift Station was constructed with openings provided to the Suction Well for twenty
high lift pumps. The eight existing pumps occupy opening positions 2 through 9 located on
the north half of the High Lift Station (see Figure 2-61). The pumps in positions 3, 4, 5, 6 and
7 are the LHWTP’s original high lift pumps. These units are four-stage pumps. Three
additional high lift pumps and motors were installed in pump positions 2, 8 and 9 under the
DWSD Contract, LH-383 - High Lift and Wash Water Pumping Improvements, completed in
2000. Each of these units is a three-stage pump. The rated capacities of all the pumps and
details concerning pump motors are shown in the Table 2-48. The current firm capacity of
the high lift station is 420 MGD.

All eight pumps are equipped with cone-type discharge control valves with hydraulic oil
valve operators. The pumps draft finished water from the High Lift Station Suction Well
and discharge to an 84/120-inch discharge header located on the north side of the High Lift
Station. A second 84/120-inch discharge header will be constructed on the south side of the
High Lift Station under DWSD Contract, LH-394 - Repair of Distressed Clearwell. This work is
expected to be complete in 2005.

The five original high lift pumps were refurbished during the period 1998 through 2001,
under a skilled trades contract through the DWSD Mechanical Maintenance Division. This
work included refurbishing pumps, installing new closed impellers and overhauling pump
motors.

TABLE 2-48
Rated Capacity of High Lift Pumps and Motor Details

Unit Nos. High Lift Pumps Motors
Rated Rated Speed
Capacity Dynamic
(MGD) Head (ft) Motor Type Horsepower (rpm) Voltage
2-9 60 415 Synchronous 5,500 600 4KV

2.10.1.6 Chemical Feed Systems.

« Alum System. The LHWTP utilizes liquid aluminum sulfate as the primary coagulant
at dosages ranging from 0.5 to 1.5 mg/L as Al*3 (5.5 t016.5 mg/L as alum). The alum
is currently applied by transferring the liquid from the storage tanks located in the
Chemical Building (see Figure 2-60) to Rotodip™ feeders and dispersing the
coagulants by gravity upstream of the rapid mixers. Liquid alum is stored within six
concrete tanks with a total capacity of 216,000 gallon. This storage volume provides a
50-day supply at 240 MGD. The same storage volume equates to only 17 days of
storage at the projected 2050 Maximum-day flow rate of 700 MGD.

 Chlorine System. The LHWTP utilizes a disinfection system that includes pre- and
post-chlorination. The Chlorine Building is located at the northeast corner of the
plant. The chlorination process begins with liquid chlorine fed to evaporators where
it is converted to gaseous chlorine. Eight one-ton chlorine storage tanks feed the
evaporators. The gaseous chlorine is then fed to pre- and post-chlorinators. Three
8,000 ppd V-notch pre-chlorinators dispense gaseous chlorine to the raw water. The
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point of application for pre-disinfection is at the head of the north and south raw
water conduits. The feed pipes from the three chlorinators are interconnected so that
each chlorinator can feed either raw water conduit. Two 2,000 ppd post chlorinators
dispense post-chlorine disinfection. The post-disinfection feed points are located in
the filtered water effluent channels upstream of the Clearwells. The chlorine feed
rate is adjusted based on changes in plant flow and raw water quality. In addition to
the eight on-line chlorine tanks, the Chlorine Building maintains storage of an
additional 30 one-ton liquid chlorine tanks.

Powdered Activated Carbon System. Powdered activated carbon (PAC) slurry is
added to the raw water to control seasonal taste and odor events. The LHWTP
currently maintains two concrete powdered activated carbon slurry storage tanks
located in the Chemical Building. The tanks are lead lined and have dimensions of
17'x17'x13’. Powdered activated is mixed with water in the tanks to form a slurry.
Two carbon slurry pumps (5gpm) transfer the slurry to three Rotodip feeders. The
capacity of the feeders is variable 8-800 gph. The carbon slurry is added ahead of the
rapid mixers.

Polymer Systems. The coagulant aid and filter aid organic polyelectrolytes system
were installed in 2002, under DWSD Contract, LH-392 - Polymer and Filter Aid
Addition. The systems were installed in light of the LHWTP reclassification to
modified direct filtration to enhance coagulation of the low turbidity raw water and
provide additional barrier to turbidity breakthrough within the filters. This system
was originally designed to serve the LHWTP at flow rates up to 400 MGD, but the
actual applied dose has been much lower (over 50% less) than the design dose that
may allow the system to handle the projected 700 MGD peak flow by 2050. The
coagulant aid point of application is upstream of the rapid mixers. Filter aid is added
the settled water effluent channel.

Hydrofluorosilic Acid System. Hydrofluorosilic acid is stored within four 11,500
gallon rubber-lined steel tanks located in the Chemical Building. Two positive
displacement diaphargm feed pumps (75 gph) transfer hydrofluorosilic acid to feed
points. Hydrofluorosilic acid is added upstream of the rapid mixers.

Phosphoric Acid System. The phosphoric acid system was installed in 1995 to comply
with corrosion control treatment requirements of the Lead and Copper Rule.
Phosphoric acid is stored in two 3,700 gallon stainless steel storage tanks located
within the West Cross Gallery of the Filter Building (see Figure 2-61). A gravity
transfer line runs from the primary storage tanks to two-day tanks. A total of five 7-
gph diaphragm metering pumps are used to control phosphoric acid application to
feed points located on the weir walls of the filtered water effluent conduits.

2.10.2 Residuals Treatment

2.10.2.1 Background

Due to the rapid increase in water demand at the LHWTP in the 1990s, DWSD sought to
increase the treatment capacity. The DWSD Engineering Studies CS-1112 in 1992 and CS-
1181-8 in 1995 recommended plans to implement plant upgrades and expansions that would
allow the LHWTP to treat a 400 MGD maximum-day flow. These upgrades included
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increasing pumping capacity, adding ten new filters, and conducting pilot tests to re-rate
the filters at higher filtration rates.

Prior to permitting the LHWTP at the increased maximum-day flow rate of 400 MGD, the
MDEQ stipulated that the practice of backwash wastewater recycle must be ceased. The
DWSD Study, CS-1305 recommended implementing an alternative method for backwash
and evaluation of the water treatment processes at a 600 MGD peak demand.

All treatment process and pumping capacity improvements to achieve the 400 MGD plant
re-rating have been completed. The construction of the new residuals handling facility is
being completed under the DWSD Contract, LH-391- Waste Washwater and Residuals
Treatment and will be completed by the Fall of 2004.

210.2.2 Capacity

The backwash water treatment process will include a total of 4 treatment trains, each rated
at 4 MGD. Depending on flow requirements, one to three trains will be operating at any
given time. The fourth train will be used as a backup. The normal operating capacity of the
three trains will be 12 MGD, which is capable of treating backwash flow for a 600 MGD
plant capacity (assuming an average of 2% backwash-to-raw water ratio).

2.10.2.3 Waste Washwater Treatment Process

The following provides a description of the pumping and treatment processes of the Waste
Washwater and Residuals Handling System.

« Waste Washwater Retention Basin. Waste washwater flow will enter the existing Waste
Washwater Retention Basins (see Figure 2-58) via the 60-inch gravity sewer pipe. The
facilities will consist of the modified existing Waste Washwater Retention Basin and the
two existing Clarifiers.

« Waste Washwater Transfer Pump Station. Waste washwater will enter the existing Waste
Washwater Transfer Pump Station via the diversion control channel. The three existing
constant speed pumps will be replaced to pump waste washwater to the new treatment
facilities. Each pump will be equipped with variable frequency drive and have a rated
capacity of 8 MGD.

« New Waste Washwater Treatment Facilities. The new Waste Washwater Treatment
Building (see Figure 2-58) will consist of four (4) treatment process trains in parallel.
Each train is rated at 4.0 MGD and is an integrated unit including rapid mixing,
coagulation, flocculation, sedimentation fitted with plate settler and gravity thickening.
The design firm capacity of the facilities is 12 MGD, with one spare train. The treated
effluent, following flow monitoring, sampling and dechlorination, will be discharged
through a 42” diameter, approximately 1-mile long gravity sewer main to the Lake
Huron (about 900 ft of the main will be under the Lake surface).

 Sludge Pumping. Six recessed impeller sludge pumps will pump sludge from the four-
clarifier/thickening units to the alum lagoons. Three pumps will be designated for each
pair of the trains.

 Sludge Dewatering. The existing alum lagoons, as well as four new lagoons, will accept
the pumped waste washwater sludge. Retaining solids during a process of natural
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SECTION 4

4 Water Plant Laboratory Facilities

4.1 Introduction

This section presents the results of comprehensive review of laboratory operations at DWSD’s
five water treatment plants — Springwells, Northeast, Southwest, Lake Huron and Water
Works Park — focusing on analytical services, lab facilities, management and organization
structure, and information systems.

The goal is to assure laboratory testing needs are met for the water treatment plants and for the
Water Quality Department, reliably and cost-effectively over the planning period. It forms the
basis for future improvements. This goal was developed in collaboration with DWSD water
production and water quality management.

The following will address important lab-related aspects for DWSD, often in comparison with
similar utilities serving large metropolitan areas. The results are derived from on-site visits and
requested data.

It should be noted that some aspects of the labs found adequate at this time, might be found
inadequate in the future should Michigan require full compliance with accreditation
requirements of National Environmental Laboratory Accreditation Conference (NELAC).
NELAC accreditation is a change favored by the Environmental Protection Agency to replace its
drinking water certification program. The following will address some of this issue as well.

The evaluation was to include a summary of detailed information requested of each lab in
advance of each visit. The requested information consisted of ten questions about testing
performed, outside lab testing, floor plans, equipment lists, experience and background of staff,
organizational structure and projected staff size, quality assurance plan, accreditation
paperwork, safety or chemical hygiene plan, etc. Over two site visits and four separate requests
for the information, not all labs submitted the information. And the information submitted was
not the same for each lab. Thus, comparing them on the same basis proved impossible.
However, the information from the site visits provided enough information for comparison on a
general basis between the individual labs and similar utilities.

Because of the time lapse since the two visits, the reader is cautioned that some information may
have changed in the interim. And consequently the conclusions might be modified as a result of
the interim changes.

4.2 Analytical Services

DWSD operates process labs at the five water treatment plants. In addition, Water Quality
Department used to share lab spaces at Springwells and Water Works Park. Since the beginning
of 2004, we understand DWSD has consolidated its central lab at the new Water Works Park II
treatment plant.
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4.2.1 Laboratory Mission

The mission of each lab is to provide analytical services for the following:

*  Regulatory testing. Testing required by the Federal Safe Drinking Water Act (SDWA), the
state of Michigan, and any local jurisdictions

*  Process control tests. Testing required by the water treatment plants to monitor performance
of the treatment processes

*  Practical research and development tests. Testing required to investigate alternative processes or
optimize existing treatment processes

While including a broad range of contaminants, regulatory testing consists largely of
microbiological (or bacteriological) testing for water quality. Because microbiological tests,
residual disinfectant, turbidity, and fluoride are performed at each of the lab facilities, each must
be accredited for the regulatory, but not the process control testing, as required by the SDWA.

The microbiological tests are performed at each plant by chemists as part of their operations
responsibilities. Water Quality staff at Waterworks Park II also performs regulatory tests,
primarily distribution microbiological (formerly at Springwells) and metals (formerly at older
facilities at Water Works Park).

Process control testing occurs more frequently to monitor the individual and overall treatment
processes. Timely results allows adjusting for changing conditions or responding to unplanned
events. Chemists also perform this work as part of their operations duties.

Practical R&D tests comprise a much smaller portion of DWSD testing workload. These could
be occasional, periodic, or part of an on-going study. Often, these tests are directed by
consultants, and may be performed by consultants, universities, or other outside specialty labs.

Analytical services for tests not accredited for are contracted to outside laboratories, primarily
organics, radiological, disinfection byproducts, Giardia, Cryptosporidium, and other regulatory
required tests. If capable, a central laboratory could perform selected testing currently being
contracted out. If this testing is performed in sufficient volume, DWSD could, as studies have
proven, realize cost savings over outside contracting.

In comparison with utilities having multiple water treatment plants, the mission of the
individual DWSD labs is unusual in that each WTP is accredited for its regulatory tests.
Typically, the regulatory tests are performed at one lab, often a central lab, thus saving the costs
of multiple accreditation and assuring consistent data quality.

4.2.2 Future Testing

Discussion of future trends in water treatment in Section 2 suggest a wide range in future
testing. Future regulations and newly discovered contaminants will drive future testing as well.
Microbial contaminants, endocrine disruptors, and algal toxins are but a few of the chemical or
microbiological tests to be needed. And today’s increasing emphasis on security may require
monitoring for a broad spectrum of contaminants potentially introduced into the water supply,
treatment, or distribution systems by persons intent on destroying confidence in the ability to
deliver safe drinking water. If drinking water tastes and odors becomes an issue again, analysis
on geosmin and MIB can be considered as well.
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The WTP labs may have to perform different tests than currently as a result of these changing
water treatment processes. For example, the new ozonation process at the WWP II WTP and
potential ozonation systems at other WTPs may require lab measurements of residual oxidant at
certain points in the treatment process to calibrate the online ozone residual analyzers and
verify disinfection CT calculations. Ozone byproducts, including formaldehyde and assimilable
organic carbon, may need to be monitored at the WTP labs, with perhaps, support from the new
central water quality lab or contract lab. Ultraviolet disinfection, a new treatment process
proposed under this Comprehensive Water Master Plan, may require additional monitoring as
well.

Because of the level of sophistication required, many of the aforementioned parameters would
appear best served by a central lab or contract lab. Rapid contaminant degradation or short
turnaround time needs might preclude the use of these resources. Thus space should be
retained at each of the WTP plant labs for this “future draft choice testing”.

The new Water Quality Lab at the WWP II WTP should support future testing. The Water
Quality Lab would be the counterpart of central laboratories at similar utilities. It would serve
for water quality issues for all water supplies, water treatment plants, and the distribution
system. For reasons of turnaround time, process control testing should continue at the
individual treatment plants.

More sophisticated microbiological tests should be performed in the central lab by more
qualified staff (microbiologists). Inherently slow, routine microbiological tests could be
performed at the central lab as with other water utilities. Reduced accreditation costs (one lab
versus five) will be offset by transportation costs, but combining with distribution system
sampling will likely mitigate transportation costs.

4.2.3 Lab Operations

Chemists performing lab tests as part of their operations or process control duties staff the WTP
labs. During the visits, they appeared to be as efficient in working as for comparable utilities.
When not testing, chemists were engaged in other duties including sampling. Reportedly, a
portion at each plant was so busy as to have difficulty in completing testing tasks during the
normal working shift, though this was not confirmed. Some admitted time pressures reportedly
prevented full implementation of daily QC procedures, again not confirmed. NSF International
on-site survey QC summaries suggest that these QC procedures are not consistently applied.

Chemists performing tests for Water Quality monitoring are largely performing testing and
documenting QC as their sole duty. They too appeared to be operating as efficiently as similar
staff in comparable utilities.

Outsourcing lab test work to contract labs is often suggested as a means to more cost-effectively
perform a portion of the lab’s mission. Although it is also noted that DWSD is lacking some
analytical equipment to perform some tests (such as GC/MS). To confirm that outsourcing is
appropriate, a study is usually conducted to compare total costs for performing work in-house
versus contracting to an outside lab. Ignoring other values of in-house testing, outsourcing may
be more cost-effective, particularly for tests performed infrequently with a larger labor
component cost. Because of increasing efficiencies and decreasing unit fixed (capital and other)
costs with increasing volume of tests, there is a break-even point beyond which in-house testing
is favored over outsourcing (even with discounts for volume).
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Numerous studies performed by CH2M Hill for comparable utilities have always shown that
routine testing performed for process control purposes are more cost-effectively performed in-
house. And routine tests performed in higher-volume such as microbiological and physical (pH,
color, turbidity, etc.) tests are more cost-effective as well. In fact, the studies almost always
dramatically show the savings that afforded by in-house testing over outsourcing.

For individual WTP labs, the numbers of microbiological testing performed may be marginal to
favoring outsourcing; this should be confirmed.

As noted, Water Quality Department performs its work at two locations. Performing work at
one location as with a central lab would provide for efficiencies in data production, data
management, and quality control. These efficiencies would further favor in-house testing over
outsourcing.

4.3 Physical Facilities Evaluation

Five DWSD WTP and two Water Quality lab facilities have been built and some selectively
upgraded at various times. The site visits allowed for their evaluation. The lab facility at Water
Works Park II was not available during the evaluation.

4.3.1 Space

The individual and total square footages of lab facilities were not provided. But the walk-
through allowed for evaluation of space in a general sense.

A summary of lab space information would indicate no apparent relationship between plant
capacity and lab size. Since the plants are performing essentially the same tests equal space
should suffice. Actual space is the result of different designs at different times and varying
concepts of the labs” missions in terms of projected specific tests.

The lab spaces can be compared to current lab design criteria described in the rules-of-thumb
that follow:

* 200 to 400 square feet of analytical space per analyst (or chemist)
* 600 to 1,300 square feet of total space (including support) per analyst

The range of the first rule-of-thumb is attributable to the number of different test methods
performed by each analyst and to the needs of the test methods themselves. When analysts run
more kinds of test methods, more square footage is needed, tending toward the higher figure.
When analysts specialize in one kind of test method, square footage per analyst is reduced. Test
methods requiring separate sample preparation areas, such as metals, and microbiological tests,
require more space per analyst.

Without actual calculation, the square foot per analyst is estimated to be in excess of the first
rule of thumb for all the WTP labs. None appeared to be crowded in comparison with similar
facilities. But observation of some crowded areas, some excessive circulation space, and multi-
tasking analysts suggest the two facilities visited for Water Quality Department are at best
marginal and figure should be much higher than for the WTP labs. And the addition of one
analyst at Springwells would push the space allowance lower relative to the minimum. It is
assumed that space for Water Quality Department is not a problem at Water Works Park II.
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The total space per analyst could not estimated as much of the support space is shared with
other functions and it appeared to be adequate for all labs.

For the DWSD WTPs, the lab spaces appear to be adequate for their current work performed in-
house. In fact, at Lake Huron, Northeast, and Southwest the lab space is more than adequate.
Unless it is believed that significantly more testing will be performed at the plants, the portions
of the spaces may be utilized for other purposes. However, some space should be reserved for
practical R&D in the form of bench-scale process equipment studies.

For Water Quality lab, the observed analytical space appeared to be fully utilized (floor space,

casework, and walls). Nearly every square inch is dedicated to some portion of testing activity,
including aisles, knee spaces, corners, and the higher reaches of walls. Storage for supplies and
paperwork is included in the testing space as well. The high space utilization is a tribute to the
resourcefulness of the DWSD staff in working with available resources.

Perhaps Water Quality had, at one time, adequate space for efficient wet chemical and
microbiological testing as was typical of the "pre-regulatory era." The increases in kinds and
numbers of tests with proportionate increases QA /QC work has made its facilities less adequate
to serve all of the regulatory and operational testing required. Thus, consideration of an
expansion of the current lab spaces or development of a new lab is appropriate.

4.3.2 Facility Condition

The individual lab facility condition varies with the age and condition of the respective water
treatment plants. The older plants, Water Works and Springwells, are in poorer condition. Lab
at Water Works Park has moved to new facilities that have not been toured or evaluated for this
study. For the most part, the remaining laboratories were in adequate condition.

4.3.21 Casework and Furnishings

Except for Water Works Park and to a lesser extent Springwells, the laboratory casework is in
adequate condition for use for many more years. For the most part, furnishings are adequate at
all labs and in good condition as well.

4.3.2.2 Building Systems

In general, the building systems are adequate for current work under current accreditation
requirements.

The plumbing systems are adequate for the volumes needed for all uses and for the
temperatures required for cleaning. The stills and deionizers provide sufficient volume and
water quality for analytical purposes.

The electrical systems have been upgraded on an as needed basis to handle large load
equipment like autoclaves and atomic absorption spectrophotometers. Any large loaded
automated analyzers needed by Water Quality Department would require increased 208-volt
service.

The Heating, Ventilating, and Air Conditioning (HVAC) systems are generally adequate for
current operations. The temperature control deficiency at Water Works Park will be eliminated
on moving to the new facility.
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The current lab facilities do have some deficiencies in terms of their potential negative effects on
efficiency, safety, and data quality. These are more important to Water Quality testing.
Substantial renovation, and, perhaps, future accreditation and safety requirements are needed,
if testing has remained at older facilities at Springwells and Water Works Park.

All labs must conform to the Occupational Safety and Health Administration's (OSHA)
Laboratory Standard (29CFR1910.1450). While not specifying facility requirements, the
Laboratory Standard does mandate that proper control measures be taken, fume hoods are
operational, contaminated wastes are disposed, and exposures to hazardous materials are kept
below exposure limits. More specific safety requirements for new or remodeled labs found in
the Uniform Building Codes (UBC), National Electrical Codes (NEC), National Fire Protection
Association (NFPA) codes (AKA National Fire Codes), OSHA (general requirements), and
Americans with Disabilities Act (ADA, access requirements) help to meet the Laboratory
Standard. Lab safety deficiencies relative to these codes include the following;:

* The HVAC system serves both the lab and office areas recirculating the air; codes require
separation of lab HVAC systems and no recirculation of lab air to protect occupants of lab
and non-lab areas.

* The power is neither surge protected for the whole lab nor ground fault circuit interrupter
(GECI) protected in wet areas.

* Some aisle widths are substandard for disabled accessibility and for safe passage when staff
are working back to back across the aisle.

* The fume hoods are located next to high traffic doors and aisle effecting performance in
capturing hazardous fumes.

Facility deficiencies can also effect the quality of the lab data produced and thereby effect its
ability to gain or retain its accreditation under NELAC. Reduced data quality on performance
evaluation samples will disallow accreditation. And facility deficiencies noted during lab
systems audits will disallow NELAC accreditation as well. Some deficiencies that could effect
data quality and accreditation include:

* The HVAC system promotes the spread of potential contaminants such as dust that effect
metals analyses and acid fumes that could effect microbiological analyses.

* The uncontrolled temperature fluctuations can adversely effect instrumental readouts,
gravimetric (weight) determinations, and sample volumes for sample and standards
preparation.

*  The lack of controlled access compromises chain-of-custody requirements that are
anticipated to be included in the NELAC accreditation process (unrestricted access allows
unauthorized persons access to samples and test data)

At first glance, renovating current space would be best for correcting facility deficiencies and
meeting increasing workloads. The conversion of some or all of the adjoining spaces would
appear as a lower cost alternative to new facilities. However, this option is not as cost-effective
as seems. This option would require compliance with codes, thus relocating casework, adding a
lab HVAC system, and altering the HVAC system for the remaining building. The premium
cost bringing to code compliance could more than offset savings in structure and space.
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4.3.3 Equipment and Instrumentation

With the exception of Water Quality testing spaces, the labs are reasonably equipped and
instrumented to perform their testing workloads to date. Equipment and instruments observed
conformed to regulatory requirements for each test performed. None of the interviewed plant
managers or plant chemists expressed a need for a particular piece of equipment or
instrumentation.

For efficiency, automation is implemented as a matter of policy with purchases replacing worn
out equipment or supporting new test methods.

For Water Quality lab, significant increases in workload would require new or upgraded
equipment and instruments to provide the efficiency necessary to control staff additions.

Additions of new tests would require new equipment and instrumentation. For example for
Water Quality testing, an inductively coupled plasma/mass spectrometer would be needed for
ultra-trace metals analysis or a gas chromatograph for ozone related DBPs. For the WTPs, new
processes might require new process control tests and associated equipment and
instrumentation.

When asked, not one person could cite an active preventive maintenance program for lab
equipment and instrumentation. DWSD would be well served for improvements in this vital
area of plant lab operations.

4.4 Sampling, Analysis, Quality Control, Safety

The evaluation of the labs included these important aspects necessary for the individual lab’s
testing mission. While the evaluation was not as detailed as an audit, interview questions were
framed to elicit responses in order to compare the aspects with similar labs.

441 Sampling & Analysis

Site visits revealed no sample collection issues regarding adequacy of sampling points,
frequency of sampling, representative sampling, contamination of samples, etc. for the WTP
labs and Water Quality lab. At the WTPs, plant managers, supervisors of filtration, and chemists
were more interested in discussing the need for instrumentation such as particle counters
(currently installed at all plants) that would reduce the need for sampling and analysis than in
the adequacy of current collection and analysis. This is assumed that they were satisfied with
sampling and analysis procedures as the visits revealed.

4.4.2 Quality Control

For the WTP labs, quality assurance (QA) and specific quality control (QC) procedures are
adequate for Michigan and federal SDWA requirements for accreditation. NSF International
conducts systems and performance audits. Systems audits are documented with audit checklists
identifying compliance or non-compliance with required practices. Performance audits are
periodic performance evaluation samples that the labs must score within prescribed ranges.
Each of the labs has had required corrective actions for deficiencies in the systems audit, but
accreditation has not been withheld. Water Quality’s QA /QC procedures are reported adequate
as well.
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Each of the labs has some QA /QC procedures in place, including a quality assurance manual.
QA Manuals observed contain the necessary topics for a viable QA /QC program. Written
standard operating procedures (SOPs) supplement the manual to help assure the production of
data of known and acceptable quality.

A key element in a QA /QC program is documentation of QC measures that demonstrate the
lab is producing data of known and acceptable quality. Site visits and audit corrective actions
tend to center on inadequate documentation of varying QC procedures.

While satisfying NSF International’s accreditation requirements, evidence of typical QC
procedures for similar utility labs was not observed or documented in some WTP labs, e.g.
documentation of blanks, spikes, and duplicates. Other undocumented QC procedures are
assumed missing as well. Where these QC procedures were found, they were inconsistently
applied. This is not to find fault with the WTP labs as their approach to QC is typical of process
control labs that do not require accreditation and its attendant higher level of documentation.
The Water Quality lab cannot avoid this documentation.

The importance of documenting QC measures will be greatly emphasized should Michigan
implement the full requirements of the National Environmental Laboratory Accreditation
Program (NELAP). The NELAP has extensive requirements described in its chapter on quality
systems and its draft audit checklists. These can be found by exploring the National
Environmental Laboratory Accreditation Conference (NELAC) Internet web site at

http:/ /www.epa.gov/ttn/nelac/.

4.4.3 Safety

As required by OSHA and its Michigan counterpart, the lab staffs participate in the employee
right-to-know program and the lab safety program. The lab staff and management appear
cognizant of general safety procedures and with regulations involving the availability of
material safety data sheets (MSDSs). The staff is also aware of the treatment plant safety

program.

DWSD has responded to the Laboratory Standard and OSHA’s requirements for a Chemical
Hygiene Plan (CHP), essentially a safety plan, that describes and implements a laboratory safety
program under the direction of a Chemical Hygiene Officer (CHO) or Laboratory Safety Officer.
The OSHA requirements for a lab safety program are separate from the OSHA requirements for
the plant safety program. The OSHA Laboratory Standard has very specific requirements for
the contents of the CHP. The labs that have CHPs address these requirements. Some WTP labs
do not have a CHP and believe that one is not required for process control labs. The Laboratory
Standard requires a CHP for every lab regardless of type.

Interviews with staff revealed the need to enhance the lab safety program. Some staff were
unsure of who is the CHO, if the chemical lists are updated, where to find waste disposal
procedures, when the eyewashes were last checked, etc. These and other items addressed in a
CHP need to be implemented. If not in regularly scheduled safety meetings, safety awareness
should be addressed during regular staff meetings.
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4.5 Organization & Management

Pamela Turner, Assistant Director of Water Supply of DWSD, is in charge of the DWSD Water
Supply Operation which consists of two departments: Water Quality and Water Production.
The Water Quality Manager (a vacant position, Pamela Turner acting) oversees the central lab
operation, while the plant managers (reporting to the Water Production Manager, Chitralekha
Joshi) oversee the process labs at the five WTPs.

4.5.1 Laboratory Organization

DWSD WTP labs are integrated into the individual treatment plant organizations without an
identified laboratory manager dedicated to lab operations. Supervisors of Filtration serve as
laboratory managers along with their other responsibilities for treatment plant operation. Not
having a lab manager dedicated to lab operations is similar to many utility process control labs,
but atypical for accredited labs as the manager’s experience and qualification is normally
required for accreditation.

DWSD Water Quality labs are organized separately with a designated lab manager for
operations at the two plant’s lab facilities.

4.5.2 Staffing

As evidenced by on-going accreditation, all of the WTP lab staff is qualified for their respective
labs. Qualification comes with a mix of education, experience, and on the job training. Process
control testing does not require a degree in an analytical science, but chemists perform the work.
WTP chemists are reported licensed as operators and to posses an academic degree. Credentials
were not provided to verify education and experience of individual senior and junior chemists.
But interviews with staff verified the technical competence that accreditation proves. The Water
Quality staff is degreed in an analytical science, but not necessarily licensed as operators.

Regardless of location, all of the staff working in the labs appeared to have the proper skill sets
and appeared busily performing analytical tests without close supervision. Of those observed,
all appeared computer literate.

WTP lab-staffing levels appeared to relate to assigned workload in meeting required data
turnaround times for process control. Overtime was reported for a few locations to meet testing
needs. More testing time would be available if those working in the labs were dedicated solely
to testing and not other responsibilities. Inconsistent and nonexistent QC procedures might
suggest understaffing at that these labs, but staff appeared to have the small amount of time
available to complete these necessary procedures.

In contrast during the site visits, the Water Quality staff appeared to be understaffed because of
high workload and attendant QC procedures that are consistently documented. By their nature,
some water quality tests have longer turnaround time requirements, but staffing levels make
them a challenge as well.

At similar utilities, degreed microbiologists, not operator licensed chemists, perform traditional
bacteriological tests and any newer microbiological tests as well (also toxicity tests for plant
security). While some of staff may be microbiologists, none are assigned to permanent
microbiological testing exclusive of other work.
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4.6 Laboratory Information Management

Current data management and reporting involve a combination of hand-recorded data and
instrument data. Raw data from tests involving weighing (with a balance), visual observation
(color or titration), or from an instrument (pH meter, colorimeter) are manually recorded on
data sheets. These are calculated with a calculator, PC program, or an instrument itself. The final
test data are hand entered on forms for eventual transfer to the WIP data management and
reporting systems. Some Water Quality data is automatically or manually entered into a PC and
computed and reported with spreadsheet and word processing software. Any QC data is
manually recorded and stored for accreditation evaluation purposes. All data, raw or final, is
stored as appropriate.

Except for Water Quality Division purposes, this time tested data management and reporting
system has served and is serving DWSD well. Other considerations suggest that Water Quality
consider modernizing with a computerized Laboratory Information Management System
(LIMS) for managing and reporting final data to the DWSD database. Similar utilities are
updating to popular conventional lab-based LIMS for their central regulatory testing
laboratories.

4.6.1 Laboratory Information Management Systems (LIMS)

Contrary to what one might expect, we do not recommend upgrading to universal use of a
computerized Laboratory Information Management System (LIMS) at the WTPs, at least in the
near term. In part, our recommendation is based on the following:

*  Most of WTP test work requires manual entry so less benefit from a LIMS
* The cost of computerizing typically manual entry testing data

* Higher cost offsets the efficiencies derived for data volume handled

* The cost of maintaining the more complex system

* Similar utilities have not converted WTP process control to a LIMS

* Should WTP data volume increase or DWSD move to automate all process control data,
then DWSD should consider the value of a LIMS.

For Water Quality lab, improvements to data management are needed in terms of organization,
retrievability, and appropriateness for intended use. The increasing volume of test data coupled
with quality assurance data makes the use of a self-developed or commercially available LIMS
feasible. If not occurred already, full implementation of the LIMS will improve work efficiency
and help assure data quality as well.

4.6.2 LIMS Attributes and Functional Requirements

In response to the scope-of-work, a comprehensive listing of LIMS attributes and functional
requirements can be found in Appendix B. The listing includes general requirements, LIMS
delivery approach, basic functional requirements, software requirements, network
requirements, hardware requirements, and instrument interface.
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The described system is a fully capable one that can be met by a commercial vendor. It has been
provided to similar utilities. Being comprehensive, it includes elements that DWSD may not
wish to include for reasons of cost or lack of interest. If considering the implementation of a
LIMS system, DWSD should conduct an internal study and secure an experienced consultant
prior to purchase to assure the system is appropriate and cost-effective.

4.7 Conclusions and Recommendations

The WTP laboratories operate well in supporting process control functions at their respective
water treatment plants. With few exceptions, the WTP labs do not have urgent physical needs
requiring correction. Though peripheral to this study, the Water Quality laboratories did have
urgent needs at the time of the visits. It is assumed that these have been taken care of in the
move to the new WWP II WTP lab space.

4.7.1 Space and Equipment

* The WTP labs do not have space needs. In fact, some have space that could be used for other
purposes.

* Selected WTP labs do have some physical facility needs in terms of the condition of
casework and operation of heating, ventilating, and air-conditioning system. We do not see
these as urgent in the light of consolidation of Water Quality lab at the new WWP II WTP.

* All WTP labs should have ground fault circuit interrupter (GFCI) protection in the form of
GFCl receptacles where testing occurs.

* Per codes, renovation of any WTP lab could require upgrades to the entire facility at
substantial cost, often exceeding cost for a new lab.

*  Unless required for accreditation, we do not recommend upgrading WTP lab facilities at this
time.

* The WTP labs do not have significant analytical equipment needs.

4.7.2 Staffing and Organization

*  Process control testing would not be more efficiently performed at contract laboratories.
And rapid laboratory turnaround time requirements preclude outsourcing.

* The mingling of process control, sampling, and testing duties prevented evaluating staffing
levels versus workload.

* For quality and efficiency, we recommend that WTP lab testing be performed by lab
oriented staff and process control activities be performed by operations oriented staff. Lab
analysts need not be licensed operators. If implemented, this would reduce staff time
assigned to testing.

 Staff qualification, competence, skill sets, and computer literacy are appropriate.

* As for similar utilities, we recommend that microbiological testing be performed by degreed
microbiologists.

4-11



3—WATER PLANT LABORATORY FACILITIES

4.7.3 Procedures and Quality Control

Sample collection and analytical methods are appropriate at the WTP labs.

Treatment plant safety programs are in effect for the WTP labs. Some WTP labs need an
OSHA required Chemical Hygiene Plan (model after existing). On-going lab safety
awareness should occur through safety meetings and bulletins.

The WTP labs meet minimum quality control (QC) requirements as evidenced by SDWA
accreditation administered by NSF International. We believe the labs would not meet EPA
preferred National Environmental Laboratory Accreditation Program requirements should
Michigan adopted them in the future (date unknown).

The WTP labs” quality assurance/quality control (QA/QC) procedures need improvement
particularly as relates to reported accreditation deficiencies, to documentation of QC
procedures performed, to those QC procedures of similar water utility laboratories, and for
consistent day-to-day application. Data quality needs to be proven through documentation.

4.7.4 Accreditation and Work Distribution

For efficiency and quality control, we recommend that microbiological testing requiring
accreditation per SDWA occur at WWP Il WTP rather than the individual WTP labs.
Consolidating microbiology with the remaining accredited tests will allow accreditation of
one, rather than six laboratories, and will provide for better quality control. Combining
distribution sampling with sample delivery will mitigate sample transportation costs. And
reduced accreditation costs and reduced labor for QC procedures will further offset sample
transportation costs as well.

For efficiency and turnaround time, we recommend that process control testing and
accredited fluoride, disinfectant, turbidity testing continue to occur as allowed at the
individual WTP labs.

4.7.5 Laboratory Information Management System (LIMS)

LIMS for the WTP labs would improve documentation and perhaps communication of data
to operations staff.

The cost of acquisition, training, and full implementation of LIMS in the WTP labs would
have little benefit in terms of timesaving. The overall WTP lab system would benefit to some
degree, if integrated into a LIMS for Water Quality; but a stand-alone LIMS for the WTP labs
would not.

If not implemented already, Water Quality would experience numerous benefits with a
LIMS.
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Drinking Water Regulatory Review

Last Update: September 2003

This report summarizes the existing and anticipated drinking water regulations. The major
drinking water regulations discussed include:

» Surface Water Treatment Rule (SWTR)
- Watershed Protection
« Enhanced Surface Water Treatment Rule (ESWTR)
- Interim Enhanced Surface Water Treatment Rule (IESWTR)
- Long-Term 1 Enhanced Surface Water Treatment Rule (LT1 ESWTR)
- Long-Term 2 Enhanced Surface Water Treatment Rule (LT2 ESWTR)
« Stage 1 and 2 Disinfectant/Disinfectant By-products Rules (D/DBPR)
— Drinking Water Candidate Contaminant List
« Total Coliform Rule (TCR)
- Filter Backwash Rule
- Groundwater Rule
- Radionuclide Rule
- Radon Rule
— Arsenic Rule
« Lead and Copper Rule
- Sulfate
- Volatile Organic, Synthetic Organic and Inorganic Rules
a. Volatile Organic Chemicals Rule
b. Phase II A Fluoride Rule
c. Phase II Synthetic Organic Chemicals and Inorganic Chemicals Rule
d. Phase V Synthetic Organic Chemicals and Inorganic Chemicals Rule

Surface Water Treatment Rule

The SWTR was promulgated in 1989 to reduce the potential for pathogenic contamination in
drinking water. The rule applies to all public water systems that use surface water or
groundwater under the direct influence of surface water. The major requirements of this
regulation are:

 Filtration requirements for most waters (and criteria to avoid filtration requirement)
« Performance criteria based on effluent turbidity for filtration

+ Disinfection requirements for both filtered and unfiltered systems

*  Monitoring requirements for all surface water supplies
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results are then used to classify the system in different bins, which determine the extent of
additional treatment required.

The rule applies to both filtered and unfiltered water systems unlike the current regulations,
which do not require Cryptosporidium treatment for unfiltered systems. Under the LT2
ESWTR, unfiltered systems are required to provide at least 2-log Cryptosporidium
inactivation. Requirements for both filtered and unfiltered systems are detailed below.

Filtered Systems

Monitoring Requirements. The LT2 ESWTR requires systems to monitor their source water
for Cryptosporidium, E. coli, and turbidity. The monitoring allows a systems to assess their
source water and classify their system in different risk bins based on this monitoring. E. coli
and turbidity monitoring are used as indicators to identify drinking water sources that are
susceptible to high concentrations of Cryptosporidium. Large filtered systems (serving 10,000
people or more) must sample their source water for Cryptosporidium, E. coli, and turbidity at
least monthly for 2 years. Monitoring for large system must begin within 6 months of
promulgation of the rule. Monitoring results for large systems will be reported directly to
the USEPA through an electronic data system.

Small filtered systems (serving fewer than 10,000 people) must initially sample their source
water for E. coli at least bi-weekly for 1 year. Monitoring for small systems must begin within
2.5 years of promulgation of the rule. If the initial E. coli monitoring indicates a mean
concentration greater than 10 E. coli/100 mL for systems using a reservoir or lake as their
primary source or greater than 50 E. coli/100 mL for systems using a flowing stream as their
primary source, then Cryptosporidium monitoring must be conducted. Small systems that exceed
E. coli trigger values must conduct 1 year of Cryptosporidium sampling twice per month.
Sampling must begin within 4 years of promulgation of the rule. Unfiltered systems are not
required to conduct source water monitoring if the system provides a total of at least 3-log
Cryptosporidium inactivation. Unfiltered systems must, however, participate in future
monitoring as required for filtered systems. Monitoring results for small systems will be
reported to the USEPA or the states, depending on whether the states have assumed primacy
for the LT2 ESWTR.

Previously collected data may be used if the data are equivalent to the data that will be
collected under this rule. Filtered systems are not required to conduct source water
monitoring if the system provides a total of 5.5-log of Cryptosporidium treatment. Any
filtered system that fails to complete the source water monitoring will be required to meet
the treatment requirements of Bin 4 (discussed below).

Systems will also be required to conduct a second round of source water monitoring. The
second round of monitoring will begin 6 years after the initial classification of bins and may
be reclassified.

Treatment Requirements. Under the LT2 ESWTR, filtered systems are required to provide 3-log
Cryptosporidium treatment. As a result of the source water monitoring, filtered systems will also
be classified into bins. The bin classification is determined by averaging the Cryptosporidium
concentrations measured for individual samples. Additional log treatment for Cryptosporidium is
required based on the bin classification of the system. Table A-2 shows the bin classification and
corresponding additional treatment required based on the source water monitoring,.
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TABLE A-2

Bin Classification and Total Log Treatment Required Based on Source Water Monitoring

Cysts in Source Water (#/L)

Bin Classification Total Log Removal (inactivation) Required

<0.075

>0.075 and <1.0
>1.0 and <3.0

>3

1 No additional treatment
2 1.0
3 2.0
4 25

Systems can receive credit for treatment currently provided. Filtration plants (including
conventional, slow sand, and diatomaceous earth) meeting the required filter effluent
turbidity criteria are given a 3-log Cryptosporidium removal credit. Note that the IEWSTR
and LT1 ESWTR awarded only 2-log credit for the same systems. Direct filtration plants are
awarded a 2.5-log Cryptosporidium removal credit. Other filtration technologies, such as
membranes, bag filters, and cartridge filters, may receive credit based on product specific
testing as determined by the state. Product-specific testing is required based on the
variability in performance among the products.

The rule also contains a list of treatment processes and management practices that may be
implemented to provide additional Cryptosporidium treatment. Systems in Bin 2 can meet
additional Cryptosporidium requirements by using any option or combination of options in the
microbial toolbox. Table A-3 lists the microbial toolbox components and their associated
potential log credit. Systems in Bins 3 and 4 must achieve at least 1 log of treatment trough
ozone, chlorine dioxide, UV, membranes, bag filtration, cartridge filtration, or bank filtration.

TABLE A-3

Microbial Toolbox: Proposed Options, Log Credits, and Design and Implementation Criteria*

Toolbox Option

Proposed Cryptosporidium Log Credit with Design and Implementation Criteria

Watershed control
program

Alternative
source/intake
management

Off-stream raw water
storage

Pre-sedimentation
basin with coagulation

Lime softening

0.5-log credit for state approved program comprising USEPA specified elements. Does
not apply to unfiltered systems.

No presumptive credit. Systems may conduct simultaneous monitoring for LT2
ESWTR bin classification at alternative intake locations or under alternative intake
management strategies.

No presumptive credit. Systems using off-stream storage must conduct LT2 ESWTR
sampling after raw water reservoir to determine bin classification.

0.5-log credit with continuous operation and coagulant addition; basins must achieve
0.5-log turbidity reduction based on the monthly mean of daily measurements in 11 of
the 12 previous months; all flow must pass through basins. Systems with existing pre-
sed basins must sample after basins to determine bin classification and are not eligible
for presumptive credit.

0.5-log additional credit for two-stage softening (single stage softening is assumed
equivalent to conventional treatment). Coagulant must be present in both stages —
includes metal salts, polymers, lime, or magnesium precipitation. Both stages must
treat 100% of flow.
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TABLE A-3

Microbial Toolbox: Proposed Options, Log Credits, and Design and Implementation Criteria*

Toolbox Option

Proposed Cryptosporidium Log Credit with Design and Implementation Criteria

Bank filtration (as
pretreatment)

Combined filter
performance

Roughing filters

Slow sand filters

Second stage filtration

Membranes

Bag filters
Cartridge filters
Chlorine dioxide
Ozone

uv

Individual filter
performance

Demonstration of
performance

0.5-log credit for 25-foot setback; 1-log credit for 50-foot setback; aquifer must be
unconsolidated sand containing at least 10% fines; average turbidity in wells must be <
1 NTU. Systems using existing wells followed by filtration must monitor well effluent to
determine bin classification and are not eligible for presumptive credit.

0.5-log credit for combined filter effluent turbidity 0.15 NTU in 95% of samples each
month.

No presumptive credit proposed.

2.5-log credit as a secondary filtration step; 3-log credit as a primary filtration process.
No prior chlorination.

2.5-log credit for second separate filtration stage; treatment train must include
coagulation prior to first filter. No presumptive credit for roughing filters.

Log credit equivalent to removal efficiency demonstrated in challenge test for device if
supported by direct integrity testing.

1-log credit with demonstration of at least 2-log removal efficiency in challenge test
2-log credit with demonstration of at least 3-log removal efficiency in challenge test
Log credit based on demonstration of log inactivation using CT table
Log credit based on demonstration of log inactivation using CT table

Log credit based on demonstration of inactivation with UV dose table; reactor testing
required to establish validated operating conditions

1-log credit for demonstration of filtered water turbidity < 0.1 NTU in 95% of daily max
values from individual filters (excluding 15-minute period following backwashes) and
no individual filter > 0.3 NTU in two consecutive measurements taken 15 minutes apart

Credit awarded to unit process or treatment train based on demonstration to the state,
through use of a state-approved protocol

* Stage 2 M-DBP Agreement in Principle

Treatment greater than the associated credits listed above may be awarded based on site-
specific or technology-specific demonstration of performance.

Disinfection Profiling and Benchmarking. Disinfection profiling and benchmarking is
required to ensure that changes in disinfection practices (potentially resulting from
implementation of the Stage 2 D/DBPR) do not compromise the microbial protection of the
system. Disinfection benchmarks were initially established under the IESWTR and LT1
ESWTR, and the requirements provided in the LT2 ESWTR build upon these provisions.

The LT2 ESWTR requires disinfection benchmark by charting levels of Giardia lamblia and
virus inactivation at least once per week for at least 1 year. The charting is used to determine
the baseline (or benchmark) levels of inactivation by which changes to disinfection practices
can be measured against. The disinfection profiling and benchmarking are based upon
operational and water quality data (disinfectant residual concentrations, contact times,
temperatures, and potentially pH).
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Disinfection benchmarking applies to surface water systems only. Systems are required to
develop disinfection profiling and benchmarking if the system is required to monitor for
Cryptosporidium or if the system exceeds specified DBP levels. Note that there are some
exceptions to these requirements. Small systems using E. coli as a trigger organism in source
water monitoring are required to develop disinfection profiling and benchmarking if TTHM
or HAAS levels in the distribution system are at least 80 percent of the MCL at any Stage 1
D/DBPR sampling point based on a locations running annual average (LRAA).

Prior to implementing any significant disinfection practices (defined as altering the
disinfection point, changing the type of disinfectants, changing the disinfection process, or
other modifications designated as significant by the state), systems initially required to create
a disinfection profile must calculate Giardia lamblia and virus inactivation benchmarks and
notify the state. In notifying the state, the system must provide a description of proposed
changes, disinfection profiles and inactivation benchmarks for Giardia lamblia and viruses, and
an analysis of how the proposed change will affect the current inactivation benchmarks.

Systems that have developed disinfection profiles under the IESWTR or LT1 ESWTR and
have not made significant changes to their disinfection practices are not required to collect
additional data.

Stage 1 Disinfectants/ Disinfection Byproducts Rule

Historically, the DBPs that have been regulated are the total TTHMs. Requirements were
established by the USEPA starting in 1979. An interim primary MCL was established at that
time of 100 g/L for TTHMs.

Stage 1 of the D/DBPR was finalized in December 1998. The rule applies to all community
and non-transient non-community water systems that treat their water with a chemical
disinfectant. Large systems were required to comply with the rule by January 2002, while
small groundwater systems must meet the requirements by January 2004.

The rule establishes MCLs of 80 pg/L for TTHMs and 60 pg/L for HAA5. Samples for DBPs
for most systems consist of at least four samples from the distribution system on a quarterly
basis. Under certain conditions these sampling requirements can be less. Compliance for
DBPs is based on a running annual average (RAA) of the quarterly averages, computed

every 3 months. It should be noted that the USEPA also set a MCLG of zero for DBPs.

The MCL for bromate is 10 pg/L. Samples for systems that use ozonation are required
monthly at the entrance to the distribution system. Compliance is based on an RAA
computed quarterly.

The MCL for chlorite for systems that use chlorine dioxide is 1 mg/L, with samples required
daily at the entrance to the distribution system. If samples at the entrance to the distribution
system are above the MCL, this triggers additional distribution system sampling.
Compliance is based on a monthly average of distribution system samples. Large surface
water systems had to comply with the D/DBPR by January 1, 2002. Smaller systems
(serving less than 10,000 people) and systems using groundwater had until January 1, 2004
to be in compliance. Under certain conditions large water systems (serving greater than
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10,000 people) may be able to apply for extensions to the compliance date for up to 2 years
beyond the original compliance date (i.e., until January 1, 2004).

The D/DBPR also contains maximum residual disinfectant levels (MRDL). Chlorine and
chloramines are limited to 4 mg/L as Cl> based on an RAA. Samples for chlorine and
chloramines are required to be taken at the same points in the distribution system as
samples taken for the TCR for compliance. Chlorine dioxide residual is limited to 0.8 mg/L
as ClOz based on daily samples at the entrance to the distribution system. A summary of the
Stage 1 D/DBPR disinfectant and contaminant limits and goals are provided in Table A-4.

In addition to the DBPs discussed above, the D/DBPR attempts to reduce general DBP
formation by requiring specific levels of total organic carbon (TOC) removal by coagulation
(termed enhanced coagulation). Enhanced coagulation is required for all conventional
treatment plants to achieve the TOC percentages listed in Table A-5 unless any one of the
alternative compliance criteria listed below is met.

* Source water TOC is < 2.0 mg/L or specific ultraviolet absorbance (SUVA =
UV254/DOC) < 2.0 L/mg-m; or

* Treated water TOC, prior to the first point of disinfection, is <2 mg/L or SUVA < 2.0
L/mg-m; or

* Source water TOC is < 4 mg/L, alkalinity is > 60 mg/L as CaCOs, and TTHM/HAA5
levels are no more than 40 pg/L/30 pg/L, (annual average) respectively, and system has
made a clear and irrevocable financial commitment to technologies that limit TTHMs
and HAAs to 40/30 pg/L; or

 TTHM/HAADS levels are no more than 40/30 pg/L, (annual average) respectively, and
system uses only chlorine for disinfection.
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TABLE A-4
Stage 1 D/DBPR Limits

Disinfectant Residual

MRDLG (mg/L)

MRDL (mg/L)

Compliance Based On

Chlorine 4.0 (as Cly) 4.0 (as Clp) Annual average

Chloramine 4.0 (as Cly) 4.0 (as Cly) Annual average

Chlorine dioxide 0.8 (as ClOy) 0.8 (as ClOy) Daily samples
Disinfection Byproducts MCLG (mg/L) MCL (mg/L) Compliance Based On

TTHM' N/A 0.080 Annual average

-Chloroform o

-Bromodichloromethane 0

-Dibromomonochloromethane 0.06

-Bromoform 0

Haloacetic acids (five) (HAA5)2 N/A 0.060 Annual average

-Dichloroacetic acid 0

-Trichloroacetic acid 0.3

Chlorite 0.8 1.0 Monthly average

Bromate 0 0.010 Annual average

N/A Not applicable because there are individual MCLGs for TTHMs and HAAs

Total trihalomethanes is the sum of the concentrations of chloroform, bromodichloromethane,
dibromochloromethane, and bromoform
Haloacetic acids (five) is the sum of the concentrations of mono-, di-, and trichloroacetic acids and mono- and

dibromoacetic acids

*** USEPA removed the zero MCLG for chromoform from its National Primary Drinking Water Regulations,
effective May 30, 2000, in accordance with an order of the U.S. Court of Appeals for the District of Columbia

Circuit

TABLE A-5

Required TOC Removal Efficiencies Through Enhanced Coagulation

Source Water Alkalinity, mg/L as CaCO;

Source Water TOC, mg/L 0-60 >60 - 120 >120
0-2.0 No Action No Action No Action
>2.0-4.0 35.0% 25.0% 15.0%
>4.0-8.0 45.0% 35.0% 25.0%
>8.0 50.0% 40.0% 30.0%

a. Not applicable to water with raw water SUVA < L/mg/m.

b. Systems practicing precipitation softening must meet the TOC removal requirements in this column.
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If a utility cannot meet the enhanced coagulation guidelines and cannot meet one of the
alternative compliance criteria listed previously, then they will be required to conduct
bench- and pilot-scale studies to determine the minimum TOC removal required for the
plant. There are specific steps and protocols that must be followed for the alternative TOC
reduction benchmark methods, which are further explained in the regulation.

Routine monitoring is also required as a part of the enhanced coagulation rules under the
Stage 1 D/DBPR. This includes sampling the following each month at the same time:

« Raw water prior to any treatment for TOC and alkalinity
* Treated water (prior to oxidant addition) for TOC

Data must also be collected for plant operations to establish compliance with the regulation.
Compliance is determined by a performance ratio approach on an RAA basis.

Stage 2 Disinfectants/Disinfection Byproduct Rule

The Stage 2 D/DBPR proposal was issued in August 2003 with a final rule expected to come
out in late 2004 or early 2005. The rule is designed to decrease DBP occurrence peaks in the
distribution system based on changes to compliance monitoring provisions. The rule will
reduce the potential risks of reproductive and developmental health effects and cancer
associated with DBPs.

Stage 2 of the D/DBPR applies to all public water systems that are community water
systems or non-transient non-community water systems that add a primary or residual
disinfectant other than UV or deliver water that has been treated with a primary or residual
disinfectant other than UV light. The Stage 2 D/DBPR sets forth requirements for MCLs and
MCLGs for DBPs, specifies best available technologies for the proposed MCLs, and provides
a risk-based approach (IDSE monitoring) to identify monitoring sites that contain high
levels of DBPs. These requirements are discussed in the following section.

The USEPA has developed eight associated guidance manuals for the LT2 ESWTR and the
Stage D/DBPR. These guidance manuals can be found on the USEPA’s website.

Requirements

Maximum Contaminant Level Goals

With the exception of chloroform, TCAA and MCAA, MCGLs set forth in the Stage 1
D/DBPR remain in effect for Stage 2 of the rule. The USEPA is proposing the following
MCGLs revisions to the Stage 1 D/DBPR:

¢ Chloroform: MCLG = 0.07 mg/L based on cancer reference dose (RfD)
« TCAA:MCLG =0.02mg/L
« MCAA: MCLG =0.03 mg/L

Maximum Contaminant Level Determination & Monitoring Requirements

Stage 2 D/DBPR requires the use of LRAAs to determine compliance with the MCLs for
TTHMSs and HAA5s. The LRAA will be calculated for each monitoring location in the
distribution system. This differs from the RAA approach outlined in Stage 1 where
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compliance was determined by calculating the RAA of samples from all monitoring locations
across the system.

The LRAA approach will be implemented in phases, referred to as Stage 2A and Stage 2B. In
addition, IDSE monitoring will be required which will aid in determining requirements for
Stage 2B. The IDSE requirements are discussed in more detail in the following section.

Stage 2A. In Stage 2A, systems must continue to comply with Stage 1 MCLs of 0.080 mg/L
TTHM and 0.060 mg/L HAAS5 as RAAs. In addition, systems must also comply with MCLs
of 0.120 mg/L TTHM and 0.100 mg/L HAAS5 as LRAA. All sampling sites are to be as set
forth for the Stage 1 compliance monitoring sites.

Sampling frequency remains as required under the Stage 1 D/DBPR.

Stage 2B. Stage 2B monitoring sites will be based upon the Stage 1 monitoring results and
IDSE results. In Stage 2B, all systems must continue to comply with Stage 1 MCLs of 0.080
mg/L TTHM and 0.060 mg/L HAA5 as LRAAs using sampling sites identified under the
IDSE.

In Stage 2B, large systems (serving greater than 10,000 people) must take four dual sample
sets per treatment plant per quarter. A dual sample set is defined as a TTHM and an HAA5
sample. The dual sample sets must be taken at the following locations:

* One sample set at the existing Stage 1 average residence time monitoring location with
the highest TTHM or HAA5 LRAA,

* One sample set at a point representative of the highest HAA5 levels, and
* Two sample sets at points representative of highest TTHM levels.

Small systems serving 500 to 9,999 people must monitor quarterly for each treatment plant
by taking two dual sample sets. The sample sites must be representative of high HAA5
levels and high TTHM levels. Small systems serving fewer than 500 people must sample
annually for each treatment plant at the location with the highest TTHM and HAAS values
during the month of peak historical TTHM levels.

Groundwater systems serving fewer than 10,000 people must collect dual sample sets
annually. The sites must be representative of high HAAS levels and high TTHM levels.

Consecutive systems that purchase all of its finished water year-round monitoring is
population based. Consecutive systems treat some of the source water must monitor at the
same locations and frequency as nonconsecutive systems with the same source water type
and population.

Reduced monitoring may be implemented if specific requirements are met. These
requirements are outlined in Stage 2 D/DBPR and differ for type of system.

Initial Distribution System Evaluation

Compliance monitoring will be preceded by an IDSE with the purpose of selecting
site-specific optimal sample points for capturing peaks of TTHMs and HAA5s. Water
systems will then recommend new or revised monitoring sites based on the IDSE study. All
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community water systems and large non-transient non-community water systems that add
a primary or residual disinfectant other than UV light or that deliver water that has been
treated with a primary or residual disinfectant other than UV light are required to conduct
an IDSE.

There are three possible approaches to fulfill the IDSE requirements:

* Standard monitoring program. The standard monitoring program requires 1 year of
monitoring on a specified schedule. A monitoring program must be prepared prior to
implementing the program. The frequency and number of samples is determined based
upon source water type, number of treatment plants, and system size.

* System specific study. A system-specific study may be used based on earlier
monitoring studies if they provide equivalent or better information than the standard
monitoring program.

* 40/30 Certification. Systems may certify to their primacy agency that all required Stage 1
compliance samples were collected and analyzed properly during the 2 years prior to
the start of the IDSE. All compliance samples must have been less than or equal to 0.040
mg/L for TTHM and 0.030 mg/L for HAAS5. Samples must be in compliance with Stage
1 requirements.

Systems serving at least 10,000 people must collect samples approximately every 60 days at

eight distribution system sites per plant. Systems serving between 500 and 9,999 people and
all groundwater systems must collect samples quarterly at two distribution system sites per
plant. Systems serving fewer than 500 people must sample semiannually at two distribution
system sites per plant.

Consecutive systems are also subject to the IDSE requirements. However, the schedule for
completion of these requirements is based upon the populations of the wholesale system
and the procedures for determining monitoring locations are modified. For consecutive
systems that both purchase finished water and treat water, sample is consistent with
non-consecutive systems with the same population and source water types for each
treatment plant (defined as each system entry point). For consecutive systems that purchase
all of their water year-round, monitoring is population-based rather than plant-based.

All systems must collect IDSE samples during the peak historical month for TTHM levels or
water temperature.

All systems subject to the IDSE requirement must submit a report to the primacy agency.
The report must include recommendations for the location and schedule for the Stage 2B
monitoring. Generally, a system must recommend locations with the highest LRAAs.

Best Available Technologies

Stage 2 proposes that the best available technology (BAT) for TTHM and HAA5 LRAA
MCLs be one of the three following technologies:

* Granular activated carbon (GAC) absorbers with at least 10 minutes of empty bed
contact time and an annual average reactivation/replacement frequency no greater than
120 days, plus enhanced coagulation or enhanced softening.
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* GAC absorbers with at least 20 minutes of empty bed contact time and an annual
average reactivation/replacement frequency no greater than 240 days.

* Nanofiltration using a membrane with a molecular weight cut off of 1,000 Daltons or less.

It is also recognized that consecutive systems may require treatment to control the
formation of DBPs in the distribution system. The proposed BAT for consecutive systems is
chloramination with management of hydraulic flow and storage to minimize residence time
in the distribution system.

The BAT for bromate is not being revised from the Stage 1 D/DBPR. The BAT for bromate is
defined as control of ozone treatment processes to reduce production of bromate.

Compliance Schedule

Stage 2A. All Stage 2A MCLs for TTHM and HAA5 must be complied within 3 years after
rule promulgation.

Stage 2B. IDSE reports must be submitted 2 years after the rule has been promulgated.
Compliance with Stage 2B MCLs is required 6 years after the rule promulgation.

Drinking Water Contaminate Candidate List

As amended in 1996, the SWDA requires the USEPA to establish a list of contaminants that
are known or anticipated to occur in public water systems and may require regulation
under the SWDA. The first Contaminant Candidate List (CCL) was published in the Federal
Register in March 1998 and includes 60 contaminants under consideration of regulation. The
USEPA must continue to publish the list every 5 years after the first publication.

The USEPA is considering both microbiological and chemical contaminants. The CCL published
in 1998 contains 50 chemical contaminants and 10 microbiological contaminants/contaminant
groups. Table A-7 lists the contaminants published in the CCL in 1998.

TABLE A-7
Contaminant Candidate List

Microbiological Contaminants

Acanthamoeba (guidance expected for contact lens wearers)
Adenoviruses

Aeromonas hydrophila

Caliciviruses

Coxsackieviruses

Cyanobacteria (blue-green algae), other freshwater algae, and their toxins
Echoviruses

Helicobacter pylori

Microsporidia (Enterocytozoon & Septata)

Mycobacterium avium intracellulare (MAC)
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TABLE A-7
Contaminant Candidate List

Chemical Contaminants

Chemical Contaminants

1,2,2-tetrachloroethane
1,2,4-trimethylbenzene
1,1-dichloroethane
1,1-dichloropropene
1,2-diphenylhydrazine
1,2-dichloropropane
1,2-Dichloropropene
2,4,3-trichlorophenol
2,2- dichloropropane
2,4-dichlorophenol
2,4-dinitrophenol
2,4-dinitrotoluene
2,3-dinitrotoluene
2-methyl-Phenol (o-cresol)

Acetochlor

Alachlor ESA & other acetanilide pesticide

degradation products
Aldrin

Aluminum

Boron

Bromobenzene

DCPA mono-acid degradate

DCPA di-acid degradate
DDE

Diazinon

Dieldrin

Disulfoton

Diuron

EPTC (s-ethyl-dipropylthiocarbamate)
Fonofos

Hexachlorobutadiene
p-lsopropyltoluene (p-cymene)
Linuron

Manganese

Methyl bromide

Methyl-t-butyl ether (MTBE)
Metolachlor

Metribuzin

Molinate

Naphthalene

Nitrobenzene

Organotins

Perchlorate
Prometon
RDX
Sodium
Sulfate
Terbacil
Terbufos

Products of triazines (including, but not limited to
Cyanazine 21725-43-2, and atrazine-desethyl 6190-65-4)

Vanadium

The USEPA is working in conjunction with the National Drinking Water Advisory Council
Work Group to evaluate the occurrence, exposure, and public health risks of the listed
contaminants. In early May 2004, the USEPA is expected to publish a notice seeking comment
on its preliminary determinations on regulating several constituents on the lists. The
constituents include aconthamoeba, aldrin, boron, dieldrin, hexachlorobutadiene, manganese,
metolachlor, metribuzin, naphthalene, sodium, sulfate, and 1,2-dichloropropene. The USEPA
was required to decide whether to regulate at least five contaminants on the CCL by August
2001, but missed the deadline. The preliminary regulatory determinations for priority
contaminants (nine total) on the first CCL were published on June 3, 2002. Currently, the
USEPA is not planning on regulating any of the contaminants.
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The USEPA planned to publish the final regulatory determinations for the first CCL in mid-
2003. The USEPA has begun work on the second CCL, which was required by SWDA by
August 2003.

The USEPA has established a website to convey information regarding the CCL. The
website includes a link to the CCL published in March 1998. The website can be found at the
following path: http:/ /www.epa.gov/safewater/standard/pp/cclpp.html

Total Coliform Rule

The TCR was promulgated on June 29, 1989, with the primary goal of maintaining microbial
quality in finished and distributed drinking water supplies. The rule applies to all public
water systems. Compliance was required in June 1993. Total coliforms include both fecal
coliforms and E. coli. The MCLG for total coliforms was set to zero. Compliance with the
MCL is based on the presence or absence of total coliforms in a sample and not on the
density of coliforms. For systems that collect more than 40 samples per month, no more than
5 percent of the samples may be total coliform positive. If 5 percent of the samples are tested
total coliform positive, then a set of samples must be collected and tested for fecal coliforms
or E. coli. For systems that collect fewer than 40 samples per month, no more than one
sample may be total coliform positive. If one sample is tested as total coliform positive, then
a set of samples must be collected and tested for fecal coliforms or E. coli.

The number of samples taken each month for a specific water system depends on the
population served. A water system may choose to collect fewer than 40 samples; however,
different criteria would apply when the total coliform test are positive. Table A-8 summarizes
the sampling requirements required for various populations served by a water utility.

Utilities also have the option of requesting a variance from this rule from exceedances of the
TCR due to biofilms in the distribution system. There is a large list of criteria to be met for
the variance to be applicable.

TABLE A-8
Total Coliform Sampling Requirements

Population Served Minimum Number of Samples per Month
41,000-50,000 50
50,001-59,000 60
59,001-70,000 70
70,001-83,000 80
83,001-96,000 90
96,001-130,000 100
130,001-220,000 120
220,001-320-000 150
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The USEPA is proposing a revision to the TCR as part of its 6-year review of existing
regulations. A proposed revision to the TCR is expected in 2003 with a final rule in 2005.
There is support for reviewing the sampling parameters and frequencies established in the
TCR. One major revision anticipated is the switch from a requirement of fecal coliform
testing after identifying a positive total coliform sample to requiring E. coli testing, which is
thought to be a better indicator of pathogen presence or contamination. The revision to the
rule will also likely expand the rule to include other distribution system issues. Nine white
papers were issued on distribution system issues by the USEPA in August 2002. These
papers are available on the USEPA’s website. The USEPA is in the process of holding a
series of stakeholder meetings to discuss the various distribution system issues.

Filter Backwash Rule

The Filter Backwash Rule is a regulation for filtered surface water supplies that recycle part
or all of the filter backwash into the plant. The purpose of the rule is to require systems to
review their recycle practices and, where appropriate, work with the state to make any
necessary changes to current practices that may compromise microbial control. The
proposed rule was published in April 2000, with a final rule promulgated in April 2001. It
will apply to all systems that use filter recycle streams. The proposed rule published in April
2000 contained the following key provisions:

* Return of all recycle flows prior to the point of the primary coagulant addition.
* Direct filtration plants to provide information to the state on their current recycle practice.

* A requirement for systems meeting criteria to perform a one-time self assessment of
their recycle practice and consult with their primacy agency to address and correct high
risk recycle operations.

The first element would require that all systems using surface water or groundwater under
the direct influence of surface water return all recycle flows to the process prior to the point
of the primary coagulant addition. Waivers to this requirement would be available from
state primacy agencies for unique treatment conditions.

The second element would require all direct filtration plants to report to the state primacy
agency whether flow equalization or treatment is provided for recycle flow prior to its
return to the treatment process. The state would use that information to determine the
plants that need to change their current recycle practice in order to provide additional
public health protection.

The third element would require that all plants using 20 or fewer filters and directly
recycling flows to the treatment process without any form of treatment on the recycle flow
complete a self-assessment. The self-assessment would be used to determine the effect of
untreated recycle flows to the plant process. The state primacy agency would use the results
of the self-assessment to determine the appropriate level of treatment of recycle flows.

Systems must notify the state of their recycle practices by October 2003, modify the recycle
return location as required by June 2004, and complete the necessary capital improvements
to comply with all rule requirements by June 2006.
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Lead and Copper Rule

The Lead and Copper Rule was promulgated in June 1991 and went into effect in December
1992, with minor revisions released in April 2000. The rule applies to all community and non-
transient non-community water systems. The rule developed MCLGs and action levels for both
lead and copper in drinking water. The major difference between this regulation and most
others is that the water is to be monitored at the customer’s tap, not the treatment plant
discharge point. Lead and copper must be monitored at the customer’s taps every 6 months and
twice each calendar year at the highest risk locations. The highest risk locations are defined as:

« Piping with lead solder installed after 1982
+ Lead water service lines
» Lead interior piping

For compliance, the samples at the customer’s tap must not exceed the following action levels:

» Lead concentration of 0.015 mg/L detected in the 90t percentile of all samples
» Copper concentration of 1.3 mg/L detected in the 90th percentile of all samples

If action levels are exceeded, water systems must collect source water samples and submit
all data to the state with a treatment recommendation to reduce concentrations below the
action level. In addition, the water system must also provide a public education program to
its customers within 60 days of the action level exceedence. The education program must be
continued until the samples are found to be below the lead action levels.

All water systems that exceed the lead or copper action levels are also required to conduct a
corrosion control study. Corrosion control studies must compare the effectiveness of pH and
alkalinity adjustment, calcium adjustment, and addition of a phosphate or silica-based
corrosion inhibitor. Large and medium systems are also required to monitor many other
water quality parameters at the plant discharge and customer’s tap.

After a corrosion control study is completed, a water system must develop a corrosion
control program and submit it for approval to the primacy agency. Once approval of the
plans is received, water systems have 24 months to install and implement the treatment
methods for corrosion control and 12 additional months to collect follow-up samples. After
this time, the water system must comply with the action levels for both lead and copper.

In 2000, minor revisions to the lead and copper rule were promulgated to streamline
requirements and reduce some burdens on water systems. No changes to the MCLs or the
MCLGs were made. Small changes were made to reduce the frequency of monitoring for
systems with low lead and copper tap levels and to update the analytical methods used for
compliance.
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Volatile Organic, Synthetic Organic, and Inorganic Chemical
Rules

Volatile Organic Chemicals Rule

The Phase I Volatile Organic Chemicals (VOCs) Rule established MCLGs and MCLs for
eight VOCs. The rule was promulgated in July 1987 and became effective in January 1989.
All public water systems were required to complete initial VOC monitoring by December
1991. Monitoring requirements include sampling at each entry point to the distribution
system. If no VOCs were detected during the initial monitoring, repeat monitoring is
required every 3 to 5 years, depending on the vulnerability of the source. If VOCs are
detected, quarterly samples must be analyzed. Compliance requires that VOC levels be
lower than the MCLs, based on the annual average of quarterly samples.

The Phase I VOC Rule also required monitoring of 51 additional unregulated VOCs. All
systems were required to complete the initial monitoring for these contaminants by
December 1991. Repeat monitoring is required every 5 years; however, the USEPA revises
the list of unregulated contaminants thereby changing the constituents to be monitored.
Monitoring requirements for Phase I contaminants were revised in the Phase II Synthetic
Organic Chemicals and Inorganic Chemicals Rule (Phase II SOC/IOC Rule) to conform with
the standardized monitoring.

Phase IIA Fluoride Rule

The Phase IIA Fluoride Rule applies to all public water systems. The rule was finalized in
April 1986 and became effective in October 1987. The primary purpose of the Phase IIA
Fluoride Rule was to protect the public from crippling skeletal fluorosis. The rule
established an MCLG and MCL for fluoride at 4 mg/L. A SMCL of 2 mg/L was established
to protect against dental fluorosis. Monitoring of fluoride concentration is required yearly
for surface water sources and every three years for groundwater sources. For systems
practicing fluoridation, daily monitoring of fluoride at the entrance to the distribution
system is recommended.

Phase Il Synthetic Organic Chemicals and Inorganic Chemicals Rule

The Phase II SOC/IOC Rule applies to all public water systems. The rule was promulgated
in June 1991 (33 contaminants) and July 1991 (5 contaminants). This rule established MCLs
and treatment techniques for 38 contaminants. Monitoring for the Phase II contaminants
occurs in a standardized 3 year cycle, which began in January 1993. Compliance with the
Phase I MCLs is based on the average of quarterly samples.

Phase V Synthetic Organic Chemicals and Inorganic Chemicals Rule

The Phase V Rule was promulgated in July 1992 and set MCLGs and MCLs for 23
contaminants. Compliance monitoring for these contaminants follows the same
standardized monitoring framework introduced with the Phase II rule. Some of the Phase V
contaminants were previously on the unregulated contaminants monitoring lists under
other rules. To eliminate duplication, these contaminants were withdrawn from the
unregulated contaminants monitoring lists.
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3. Lab instruments will be connected to the lab Ethernet network directly or through the
lab equipment PCs.

Hardware Requirements

1. Data server PCs. These computers will have the LIMS server software and the MS SQL
database software installed. These computers will be provided by the [LIMS supplier]
[DWSD].

2. Office PCs. These are general-purpose computers that will have the LIMS client software
installed on them. These computers will be provided by the [LIMS supplier] [DWSD].

3. Lab Equipment PCs. These are dedicated computers that will be connected to lab
instruments and will have specific software for controlling and monitoring the
instruments in addition to test data collection. The LIMS client software may also be
installed on some of these computers. These computers will be provided by DWSD
together with the instruments that they serve.

4. Ethernet Switches. Provided by the [LIMS supplier] [DWSD].
5. Printers. Provided by the [LIMS supplier] [DWSD].

Instrument Interface

1. See attached list (file Typical Lab Instruments.xls) for typical lab instruments that will
interface with the LIMS.

2. Most instruments will connect to the lab equipment PCs via RS232 connection. Some
(such as Agilent Technologies gas chromatograph) may connect directly to the Ethernet
network. Instruments will typically have their own specific software for data collection
that the LIMS will need to interface with.
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