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Lake Pleasant WTP Water Quality Testing Study, Phase 1

Summary of Technical Memorandum No. 1

SOURCE WATER CHARACTERIZATION AND REGULATORY REVIEW

TMIS-1.0: Introduction
The overall objectives of the Water Quality Testing Study is to define the characteristics of the
Lake Pleasant and CAP Canal water, define the finished water quality goals for the future Lake
Pleasant Water Treatment Plant (LPWTP), evaluate current and new treatment process
technologies relative to their ability to meet these water quality goals, and establish the
acceptable treatment process technologies for the LPWTP that will meet the water quality goals.

Phase I represents the assessment of the water quality and available treatment technologies and
included three workshops with nationally recognized experts to focus the project team on current
water quality issues and the application of new treatment technologies. 

The objectives of the three focus group workshops were as follows: 

< Water Quality Focus Group (WQFG) Workshop: The WQFG was the first of three
workshops designed to facilitate the development of a set of water quality goals for the
Lake Pleasant WTP that are consistent with the leading water industry experts view of the
current, pending and future water quality regulations.  

< Treatment Technology Focus Group Workshop: The Treatment Technology Focus
Group was the second workshop designed to facilitate the consensus identification of
alternative treatment processes that will likely achieve the project specific water quality
goals for the Lake Pleasant WTP.  The treatment processes that were considered were
consistent with the leading water industry experts' view of the processes' ability to cost
effectively achieve compliance the water quality goals established in the first workshop.

< Practical Research Focus Group Workshop: The Practical Research Workshop was the
last of three workshops designed to facilitate the consensus identification of alternative
treatment processes that will likely achieve the project specific water quality goals for the
Lake Pleasant WTP.  One of the primary objectives of this workshop was to familiarize
City staff and the key consultant team leaders with resultant water quality issues and the
alternative water treatment technologies recommended for further evaluation in the Phase
II Study.

Technical Memoranda No. 1 presents the findings of the Phase I study that were developed in
the area of Source Water Characterization and Regulatory Review.

1.1 Proposed Lake Pleasant WTP

With population growth occurring in the northern part of the City of Phoenix, additional treatment
capacity is needed to meet increased water demands in this area.  The City of Phoenix has
completed a study to determine the best method of providing water to this portion of the City's
service area. (Reference with footnote [prev. study])
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The results of the study indicated that a plant near Lake Pleasant would best meet the objectives
of providing a new source of treated water serving the northern portions of Phoenix.  A number of
potential WTP locations were considered around Lake Pleasant.  The selected site is located east
of the Waddell Canal and north of State Route (SR) 74 (Carefree Highway).  The proposed
source of water would be the Waddell Canal with the water intake pump station located in the
north east quadrant of where SR 74 crosses the Waddell Canal.

TMIS-2.0: Source Water Characterization and Regulatory Review
A series of tasks were performed to document existing water quality data and research and
obtain new information on several key subject areas that would affect design and operation of the
proposed LPWTP.  The major findings and conclusions from this effort are summarized below.

2.1 Reliability and Impacts of Extreme Events

Reliability of the Lake Pleasant WTP has been identified as a key issue.  Reliability has been
loosely defined as being able to treat raw water with a quality which the plant would encounter 95
percent of the time, while meeting current and potential future regulations.

Generally, the turbidities in the Colorado River and at the Union Hills WTP intake are relatively
constant.  However, during high rainfall events these turbidities are increased by over an order of
magnitude.  The unusual storms in 1993 caused the flows in the Bill Williams and the Agua Fria
rivers to rise inordinately high and significantly impacted the raw water quality in the CAP canal at
the Union Hills WTP.  

Operational difficulties at the Union Hills WTP due to raw water quality in 1993 and 1995 were a
direct result of large flows with high turbidities in the Bill Williams and Agua Fria rivers and
subsequent delivery of this water to the CAP canal.

High flows in the Agua Fria River generally occur in the spring months.  Under this condition Lake
Pleasant would be full with Colorado River water that was pumped into the Lake during the winter
months.  Flows from the Agua Fria River, even if quite high, would be diluted with Colorado River
water.  It is not anticipated that the water quality problems seen at the Union Hills WTP in 1993
would be repeated.

The recent storms of 1993 and 1995 along the Bill Williams River were roughly 7,000 cubic feet
per second (cfs) each with a return period of eight years.  A 7,000 cfs flow is capable of
substantially changing water quality at the Union Hills WTP.   The WTP had to operate at reduced
capacity for 30-45 days. If this type of event occurred every eight years, this translates into
approximately four to six days of reduced flow or potential shutdown of the plant in any given
year.

Based on the impacts of the eight year return period event on the Union Hills WTP raw water
quality the following design criteria is recommended for the LPWTP general water quality
parameters:

< Alkalinity: 100-130 milligrams per liter (mg/l)
< Hardness: 300-330 mg/l
< pH: 7.6-8.4
< Temperature: 10-32 degree C
< Total Dissolved Solids: 400-700 mg/l
< Turbidity: 2-100 NTU
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2.2 CAP Operational Impacts on Water Quality

There are a number of operational factors that will affect the water quality in the Waddell Canal at
the Lake Pleasant WTP Intake Pump Station.

< Water quality in Lake Havasu on the Colorado River.  The Bill Williams River will flood
carrying a large silt load with other adverse water quality constituents (see Figure 1.2).

< Taste and odor (T&O) problems.  This generally occurs when water is withdrawn from the
upper levels in Lake Pleasant through the upper gates in the intake tower.  The current
operational practice is to release water from Lake Pleasant through the lower gates.  This
has reportedly reduced the T&O problems in the plants treating CAP water.

These issues will be considered in developing the design criteria for the LPWTP and will be
evaluated further during the Phase II pilot plant studies.

2.3 Existing Water Quality Sampling Points

Historical monitoring data is available at the following sources to provide an indication of influent
water quality for the future Lake Pleasant WTP.

< 99th Avenue Sample Point utilized by the Central Arizona Water Conservation District
(CAWCD)

< City of Glendale's Pyramid Peak WTP Intake
< City of Phoenix' Union Hills WTP Intake
< City of Scottsdale's CAP WTP Intake
< City of Mesa's CAP WTP Intake 

2.3.1 Available City of Phoenix Water Quality Data

The City of Phoenix data was divided into two subsets, 1) information collected before
December 1994 and 2) information collected after January 1995.  The objective of
dividing the data into two subsets was to clarify the reasons for the unusual water quality
changes associated with the large storm events which occurred prior to and after the
construction of the New Waddell Dam.

2.4 Additional Sampling

In addition to the water quality data available prior to this study, a separate sampling and
analysis program was implemented for this project.  The existing water quality data was limited
for many of the parameters of interest, particulary total organic carbon (TOC), arsenic, bromide,
and pathogens.  The additional sampling program included testing for these parameters plus
others to provide a full spectrum of water quality.  The following locations were selected for the
additional sampling program:

< On the CAP canal upstream of the Waddell Canal and the CAP Canal.  This is located at
the 163rd Avenue bridge over the CAP Canal.

< Proposed Lake Pleasant WTP Intake Pump Station site on the Waddell Canal.  This is
located at the SR 74 bridge over the Waddell Canal.
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< Lake Pleasant - Two samples taken upstream of the intake tower at depths with
elevations equal to the centers of the two inlet/outlet gates.

< Intake at the Phoenix Union Hills WTP.

2.4.1 Supplementary Sampling

During periods of high flow releases from Lake Pleasant, the water in the Waddell Canal
could have higher levels of turbidity and other contaminants which may impact the
efficiency of the Lake Pleasant WTP.  Because of this concern a supplemental sampling
plan was initiated to capture suspected water quality changes associated with these
unique flow patterns within the Waddell Canal.

2.5 Water Quality Characterization

A water quality summary database was developed to include a list of raw water and finished
water quality parameters relative to the treatability of the Lake Pleasant water.  The database was
constructed utilizing existing information and new data collected at various sampling points along
the CAP canal and within Lake Pleasant as discussed above.

2.5.1 Representative Water Quality Range 

Based on the information collected in the database a "Representative Water Quality
Range" was derived to provide a range of design values for each parameter.  

The water in the Waddell Canal can be characterized as hard water with high alkalinity,
high total dissolved solids, low turbidity, high sulfates and high chlorides, generally
typical of water from the Colorado River.  Levels of TOC in the water could be a source of
concern in order to meet the Disinfectant/Disinfectant By-Product (D/DBP) Rules for
finished water from the Lake Pleasant WTP.  If ozone addition is considered as a
treatment process, the bromide levels are of concern, since bromate formation may
exceed future MCLs.

2.5.2 Supplemental Sampling Results

The objective of the sampling program was to collect hourly samples at the location of the
new Lake Pleasant WTP pump station to quantify any water impacts during these release
events.  The release event flow rates ranged from about 400 to 3,000 cfs.

During the initial release of the season, the sediments from the pump station forebay
were re-suspended to increase raw water turbidity from the average level of 0.75
nephelometric turbidity units (NTU) to 8.5 NTU.  Sampling conducted after a 24 hour
period showed that most of the parameters stabilized except for turbidity, which ranged
between 0.75 and 2 NTUs.  The spike in turbidity was not observed during the
subsequent sampling sessions indicating that the sediment from the forebay could have
been flushed away during the first release.  TOC samples collected during the elevated
turbidity period were similar to those collected before the start of the test.

The preliminary conclusion is that there appears to be minimal change in the treatability of
water in the Waddell Canal during the transition periods when there are rapid changes in
flow patterns during non-storm years. However, there may be turbidity spikes associated
with flushing sediment deposited in the Waddell forebay during fill periods that coincide
with the eight-year frequency storms.
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2.5.3 TOC Profiling/Fractionation 

Raw water samples were collected at Sample Point No.1 (CAP Canal at 163rd Avenue
bridge), Sample Point No. 2 (the location of the future Lake Pleasant WTP intake pump
station), and Sample Point No. 5 (Union Hills WTP intake) for natural organic matter
(NOM) profile/fractionation tests (see Figure 1.3 for location of sampling points).  In the
fractionation tests the NOM was divided into three size  ranges using 2,500 dalton (0.003
microns) and 10,000 dalton (0.007 microns) ultra/nano filtration membranes.  In an
AWWARF study on Colorado River water, these sizes of membranes were used to
separate NOM into large organic molecules (greater than 10,000 daltons) and small
organic molecules (less than 2,500 daltons). These same sizes were used in this study to
maintain consistency with previous work. The lower molecular weight fractions are the
precursors for the majority of the THM formation, so it is informative to know what fraction
of the NOM has the lower molecular weight. This fraction is also the hardest to remove
except through the use of reverse osmosis membranes.

2.5.4 Results - Size Fractionation

< NOM concentrations in a given range i.e., > 10,000, <10,000 and >2,500 and
<2,500 have similar values irrespective of the sampling point.  A majority of the NOM
is <10,000 daltons with approximately 50 percent of this fraction below 2,500 daltons.

< The removal efficiency of TOC in Lake Pleasant water, with enhanced coagulation,
would be moderate due to the significant fraction of TOC below 2,500 daltons.

< UF/MF membranes would pass most of the NOM material.

< Unless particles less than 2,500 daltons are removed, the plant may not be unable to
meet the potential 40 Fg/L THM/30 Fg/L HAA requirements of the Stage II D/DBP rule.

2.5.5 Results - Resin Separation 

The resin separation test provides information on the chemical nature of the NOM material
and  of the relative capability of the NOM compounds to be adsorbed.  Two resins, XAD-4
and XAD-8 were selected for the test.  Resin XAD-4 has a tendency to remove hydrophilic
compounds, which are typically difficult to adsorb with granular activated carbon (GAC). 
Resin XAD-8 has a tendency to remove hydrophobic compounds, which are relatively
easy to adsorb.  Those compounds that do not  belong to the hydrophobic or hydrophilic
groups are called transphilic compounds.  Test results showed that the NOM
concentration in the samples can be broadly classified into 36 percent hydrophobic, 36
percent hydrophilic, and 28 percent transphilic substances.

Approximately 55 percent of the THMs were formed by hydrophilic and transphilic
compounds, which could be difficult to adsorb onto GAC if GAC contactors were used in
the treatment process.  This indicates that some form of pretreatment, such as enhanced
coagulation or ozonation would be required to reduce TOC and/or increase the ability of
the transphilic NOM material to be adsorbed.  

2.6 Water Quality Focus Group Meeting

A group of distinguished technical experts were assembled to assist the project team's focus in
developing specific project water quality objectives:
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< Define the representative quality of the raw water at the intake to the Lake Pleasant WTP.

< Where appropriate, define a range of water quality values.

< Set finished water quality goals.

A facilitated voting process was conducted whereby the following five priorities relative to water
quality issues were identified:

1. Trihalomethanes (THMs) and Haloacetic Acids (HAAs)

2. Bromate/Bromide

3. Pathogens

4. Taste and Odor

5. Aesthetics (TDS)

Finished water quality goals were established for the project and many contaminants were
identified that would be subject to pending regulations or the City's internal policies:

< Perchlorate: 32 ppb.

< Total THMs: 80 ppb (single location maximum in distribution systems, which could
possibly be the regulation in the future Stage 2 D/DBP Rule.

< HAAs, sum of either five (HAA5) or six (HAA6) species : 60 ppb (single location maximum
in distribution systems, which could possibly be the regulation in the future Stage 2
D/DBP Rule.

< Bromate: Current goal of 0.010 mg/L and a future goal of 0.005 mg/L.

< Chlorite: 0.8-1.0 mg/L.

< Consider the recycle stream water quality impacts during the preliminary process
assessments and pilot study phase.

< Develop preliminary estimates for incremental treatment costs associated with removal of
TDS down to a level of 400 mg/l and brine disposal.

2.7 Development of Critical Water Quality Goals

The USEPA, as a result of the latest Safe Drinking Water Act (SDWA) Amendments, will
promulgate several new regulations.  These regulations are currently in varying stages of
development, however, estimates can be made as to what will be established and the time frame
under which new rules will be promulgated.
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Critical water quality issues were identified by comparing the most representative water quality
range with current and proposed future regulations.  In several cases potential future regulations
were unavailable since they are in the process of being developed.  Since the regulations were
being developed, water quality experts at the WQFG meeting helped identify a possible target
for the future regulations.

Based on the comparison between the most representative water quality range with the current
and future regulations the following parameters were identified as critical issues that need to be
addressed in subsequent pilot scale testing in Phase II of the study:

< Hardness
< Turbidity
< Total Dissolved Solids
< Total Coliform
< Fecal Coliform
< Giardia lamblia
< Cryptosporidium
< Viruses
< Legionella
< MIB
< Geosmin
< Flavor Profile Analysis
< Total Trihalomethanes
< Haloacetic acids
< Bromate (if ozonation is used)
< Residual Treatment
< Arsenic
< Manganese
< Sulfate
< Perchlorate
< Chlorite (if chlorine dioxide is used)

Parameters such as hardness, total dissolved solids, and flavor profile analysis are aesthetic
issues and are currently not regulated.

2.8 Continued Sampling Program

To provide the best opportunity to see what water quality issues may be encountered during all
the seasons of the year, it is recommended that the additional sampling and testing program that
was instituted in Phase I effort be extended through the Phase II effort.

2.9 Previous Studies

Previous studies that have been conducted on the Colorado River water were reviewed with the
intent to help focus and to prevent repetition in the Phase II Study pilot plant effort.

The studies that were conducted can be broadly associated with four entities: Metropolitan Water
District of Southern California, Southern Nevada Water Agency, the City of Tucson, Arizona, and
Phoenix, Arizona.  The key findings from these previous studies that will impacts the Lake
Pleasant WTP Phase II study are summarized below. 

2.9.1 Metropolitan Water District of Southern California

< Source water control is beneficial in minimizing algal bloom problems.
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< Copper sulfate is an effective tool against controlling T&O producing algae.

< DBPs formed by ozone followed by chlorine and chloramine are generally of lower
concentration than when chlorine and chloramine are used alone without ozone.

< Combination of ozone and hydrogen peroxide was effective in minimizing T&O by 90
percent.

< Membrane technology was effective in removing perchlorate.

< GAC was effective in treating Colorado River water to meet future DBP regulations. 
An empty bed contact time (EBCT) of 20 minutes was required to meet the potential
40/30 requirements.

< Need conventional treatment plant (Rapid mix/coagulation/sedimentation) to remove
cysts.

2.9.2 Southern Nevada Water Authority: Alfred Merritt Smith Water Treatment Facility Pilot
Study Report

< Filters can be operated between 6-7 gallons per minute per square foot (gpm/sf) and
still meet and an effluent quality of 20 particle/ml.

< Between 1.9 to 2.5 mg/l of ozone was required to meet 1-log of Cryptosporidium
inactivation.

< Bromate formation consistently exceeds 10 ppb.

2.9.3 Southern Nevada Water Authority: Treatment and Transmission Facility Pilot Study Report

< Enhanced coagulation will consistently provide 2.5 to 3 log Cryptosporidium removal.

< Arsenic could be a problem but ferric chloride can be effectively used to reduce
concentration within the regulatory limits.

2.9.4 City of Tucson: Central Arizona Project Water Treatment Plant Design Report

< High TOCs were encountered during canal shutdown and subsequent algae bloom.

< Algae counts as high as 14,000 cells/ml were encountered during the pilot study.

< Addition of ozone improved finished water quality and minimized coagulant dose
requirements for both high rate conventional treatment and direct filtration facilities. 

< Approximately 1.5 mg/l of ozone reduced coagulant (ferric chloride) dose by 4-5 mg/l.
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< Ozone reduced finished water particle counts by a factor of 5 to 10 compared to
non-ozonated water.

< Best filter results were obtained for a deep bed (6 ft) mono media anthracite filter. 
Consistent finished water turbidities of less than 0.2 NTUs were achieved up to 10
gpm/sf loading rate.

< THM formation potential tests indicated that the sum of bromoform and
dibromochloromethane  was typically between 10 to 20 percent of total THMs.

2.9.5 City of Phoenix: Union Hills Water Treatment Plant Water Quality Enhancement Study
Report:

< Addition of ozone improved filter performance regardless of filter type, depth, media
size or filtration rate.

< Ozonation increased raw water AOC by 400 percent. Biologically activated filter would
be necessary to minimize AOC in the finished water.

< Primary disinfection with ozone and post disinfection with chloramines produced the
lowest concentrations of THMs in the finished water.

< Ozonation increased the THMFP of the raw water. THMFP test showed that
brominated THMs increased from 3.5 percent before ozonation to nine percent after
ozonation.

< Finished water turbidities deteriorated as filter loading rates were increased from
6 gpm/sf to 12 gpm/sf. The percent deterioration in finished water turbidities were
slightly better for ozonated (33 percent) than the non-ozonated (44 percent) water.

2.9.6 Applicable Research Findings from Previous Studies

Much of the findings from the previous research conducted at the other agencies using
Colorado River water can be used to provide a general direction for the Phase II Study
and will minimize the amount of testing required.  The specific research areas where a
reduced level of study will be required for the Lake Pleasant WTP are as follows: 

< Because the previous studies revealed the benefits of GAC filters, anthracite filters
need not be evaluated to study the removal of assimilable organic carbon (AOC) or
other biodegradation issues for those treatment trains using pre-ozonation.

< Rapid Small-Scale Column Tests can be used to evaluate the performance of GAC in
lieu of the pilot-scale facilities.

< High rate conventional treatment consistently produced water quality better than
direct filtration.  Except as a base line test, all direct filtration treatment trains could be
eliminated.

2.10 Additional Research to be Performed in the Phase II Study
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< For treatment trains using ozone, tests should be undertaken to study the impact of
transferred ozone dose on the formation of bromate.  CT tests for inactivating
Cryptosporidium should also be evaluated in conjunction with these tests.

< Conventional treatment was used for minimizing Cryptosporidium size particles in the
backwash recycle.  Additional testing is required to study the impact of high rate
treatment facilities and other treatment constraints such as settling  velocities, coagulant
dose, polymer dose, G values, etc.

< Enhanced coagulation tests to provide approximately 2.5 to 3 log Cryptosporidium
removal.  These tests should be verified under several raw water conditions.

< Since none of the pilot plants treated water with turbidity greater than 5 NTU, turbidity
stress tests should be planned to evaluate the impact of these extreme events.

< Bill Williams water is high in bromide concentration.  Bench-scale tests should be
conducted on raw water samples collected from the Bill Williams River after a storm event.

TMIS-3.0: Conclusions
The research performed in this study has shown that there is limited data available relative to the
issues that will affect the Lake Pleasant WTP.  Further, the existing data where appropriate does
not  carry the same degree of precision that is currently being measured and regulated.

For pathogens, the level of Cryptosporidium occurring in the raw water will be important to
ensure that adequate log removal /inactivation that must be provided.  Consideration must also
be given to emerging disinfectants such as UV, ozone and chlorine dioxide for control of
Cryptosporidium.  In addition, consideration needs to be given for Microsporidium as an
emerging pathogen.

Algae and algae control will be important in dealing with T&O events.  Algae can also be a
source of operational problems if membranes are going to be considered as a treatment
process. 
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Technical Memorandum No. 1

SOURCE WATER CHARACTERIZATION AND
 REGULATORY REVIEW

1.0 BACKGROUND

1.1 Introduction

The City of Phoenix Water Services Department has been planning for the development of a
new water resource from Lake Pleasant to provide a source of water to the northern areas of
its water service area. To properly plan for a new water treatment plant to use water from
Lake Pleasant or the Central Arizona Project (CAP), it is necessary that the water quality from
these sources be investigated and appropriate treatment processes be selected. The overall
objectives of the Water Quality Testing Study is to define the water quality characteristics of
the Lake Pleasant and CAP Canal water, define the finished water quality goals for the future
Lake Pleasant Water Treatment Plant (LPWTP), evaluate current and new treatment process
technologies relative to their ability to meet these water quality goals, and ultimately
establish the acceptable treatment process technologies for the Lake Pleasant WTP that will
meet the water quality goals.

The overall Study is to be completed in two distinct phases with the first phase consisting of
a desk top engineering study to define the objectives for the second phase which will
include bench and/or pilot scale studies. The intent of the phased approach is to use the
desk top study to narrow the field of bench and pilot investigations to those treatment
technologies that practically and economically can achieve the water quality goals for the
new Lake Pleasant WTP. Phase I represents the assessment of the water quality and
available treatment technologies and included three workshops with nationally recognized
experts to focus the project team on current water quality issues and the application of new
treatment technologies. 

The second phase of the study will be developed based on the conclusions and
recommendations documented in the Phase I report. Although the details of Phase II are not
yet defined, it is anticipated that bench scale evaluations will be used to either further reduce
the field of alternative technologies or define the operational limits for the pilot scale
evaluations.

1.2 Technical Memorandum No. 1 Objectives

The initial focus of Technical Memorandum No. 1 is to collect existing pertinent water quality
data that would be useful in determining the treatment process requirements to meet
relevant current and future water quality regulations and the City’s internal water quality
goals. The acquisition program consists of two stages of data collection. The first was to
collect the required data that is determined to be critical for comparison to current and future
regulations plus water quality parameters required for the preliminary process evaluations.
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The second stage was to initiate the collection of new data that will provide the background
water quality data necessary to establish the design criteria for the Lake Pleasant WTP.

The work for this Technical Memorandum No. 1 also included the task of summarizing the
current water quality regulations and establishing a consensus of relevant future water
quality regulations that the Lake Pleasant WTP will be required to achieve. A focus group
was convened with the objective of establishing a set of water quality goals for the Lake
Pleasant WTP. The resultant water quality goals for the project addressed current and future
anticipated regulatory requirements. The outcome of these efforts are summarized in this
Technical Memorandum No. 1.

1.3 Sources of Phoenix Water Supply

1.3.1 Introduction

The City of Phoenix currently has three basic sources of supply to meet its municipal and
industrial potable water needs:

• Groundwater

• Salt River Project - Salt and Verde Rivers

• Central Arizona Project - Colorado River 

The latter two sources dominate the water supply to the City of Phoenix and are shown
graphically in Figure 1.1. The Lake Pleasant WTP will draw primarily from the Central Arizona
Project (CAP) system and obtain water primarily from the Colorado River. The next few
paragraphs will discuss the latter two supplies in more detail.

1.3.2 Salt River Project

The Salt River Project (SRP) is an operating agency for a U.S. Bureau of Reclamation project
which essentially provides irrigation supply from the Salt and Verde Rivers to the area
encompassing the majority of the greater Phoenix Metropolitan area. As shown in Figure 1.1,
there are four lakes on the Salt River; Roosevelt, Apache, Canyon, and Saguaro Lakes; and
two lakes on the Verde River; Horseshoe and Bartlett Lakes. Water is released through this
system of dams and lakes to the Granite Reef Diversion Dam on the Salt River downstream
of the confluence of the Verde and Salt Rivers. Two canals are created at the Granite Reef
Diversion Dam, the South Canal on the south side of the Salt River and the Arizona Canal on
the north side of the river.
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The City of Phoenix operates four WTPs on the SRP system (see Figure 1.1), the Verde
Water Treatment Plant (WTP) located near the confluence of the Verde and Salt Rivers, the
Val Vista WTP located on the South Canal, the Squaw Peak and the Deer Valley WTP’s
located on the Arizona Canal. In addition, other Cities in the Phoenix Metropolitan Area also
operate WTP’s which withdraw water from the SRP irrigation canals, as shown in Figure 1.1.
These water treatment plants provide the larger portion of water to the Cities of the Greater
Phoenix Metropolitan area. Due to limitations imposed from the agreements forming the
SRP, water derived from the SRP system must be used within the boundaries of the service
area of the SRP which is the area essentially south of the Arizona Canal shown as a light
crosshatch in Figure 1.1. 

This created difficulties with providing water supplies to areas of the Cities which were
developed outside of the SRP service area. Prior to the development of the CAP, these areas
were supplied with groundwater. Where SRP water was delivered outside of the SRP service
area (“off-project”), groundwater derived from areas outside of the service area had to be
delivered to within the SRP service area to make up the difference. Continued consumption
of the groundwater by both agricultural and municipal users have exceeded the natural
recharge to the aquifer causing a drop in the water table. This became so severe that the
State of Arizona instituted groundwater protection legislation which mandated conservation
by both agricultural and municipal users and stipulated a reduction in groundwater use to a
level less than or equal to the natural recharge by the year 2025.

1.3.3 Central Arizona Project

The State of Arizona has an allocation of 2.8 million acre-feet of water from the Colorado
River under the Colorado River Compact, a formal agreement between all of the states along
the Colorado River and its tributaries. Up until the development of the Central Arizona Project
(CAP), Arizona could only use Colorado River water for irrigation use in the agricultural areas
and for municipal use in some smaller communities within the immediate vicinity of the
Colorado River. With the severe over-drafting of the ground water in the Phoenix and Tucson
Metropolitan areas, it became imperative that Colorado River water be made available to the
larger agricultural and metropolitan areas of the State.

Construction of the CAP began in 1973 and was essentially completed in 1993 with the
capability of delivering water to as far away as Tucson, Arizona. As shown in Figure 1.2,
water is pumped from Lake Havasu on the Colorado River near Parker Arizona through a
long open canal system east and south to the Phoenix Metropolitan area, crossing the Salt
River west of the Granite Reef Diversion Dam (see Figure 1.1 and 1.2) and continuing south
to the Tucson Metropolitan Area. The water is pumped through four large pumping stations
to deliver water to the Phoenix Metropolitan Area.
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Municipal WTPs were constructed along the CAP canal to take advantage of this new water
source, to provide “off-project” water to compensate for SRP water being utilized “off-
project”, and to reduce the use of groundwater resources. The City of Phoenix constructed
the first WTP to utilize the CAP, the Union Hills WTP, located west of Cave Creek Road and
east of 7th Street just south of the CAP canal (see Figure 1.1). This plant was followed by
construction of the City of Glendale’s Pyramid Peak WTP, located about 11 miles upstream
(west) of the Union Hills WTP; the City of Scottsdale’s CAP WTP, located about 8.5 miles
downstream (east) of the Union Hills WTP; and the City of Mesa CAP WTP, located about 28
miles downstream (south and east) of the Union Hills WTP.

1.4 Proposed Lake Pleasant WTP

With population growth occurring in the northern part of the City of Phoenix, additional
treatment capacity is needed to meet growing populations and resultant water demands in
this area. The City of Phoenix embarked upon a study to determine the best method of
providing water to this area of the City’s service area. This study included bringing water
from the Verde River as well as utilizing the CAP supply. Also included were the expansion of
the Union Hills WTP and pumping water to the higher elevations of the northern area of
Phoenix and the construction of a new Water Treatment Plant near Lake Pleasant.

The results of the study was that a plant near Lake Pleasant would best meet the objectives
of a new source of treated water serving the northern areas of the Phoenix service area. The
Lake Pleasant reservoir was originally created by the construction of a dam on the Agua Fria
River and provided storage of Agua Fria water for irrigation purposes through the Beardsley
Canal (shown in the upper left of Figure 1.1). 

Because of the high expense of pumping the CAP water from Lake Havasu to the Phoenix
area, the Bureau of Reclamation decided to expand Lake Pleasant and provide additional
capacity for off peak (power) storage of CAP water. A “New Waddell” dam was constructed
which greatly expanded the storage capacity of Lake Pleasant. The New Waddell Dam also
included a pump and generator facility and a Forebay to lift the CAP water into Lake
Pleasant or to release the stored Lake Pleasant water back into the CAP canal. During the
winter months when power usage is lower, CAP water would be pumped into Lake Pleasant
where it would mix with any inflows from the Agua Fria River. During summer months, stored
Lake Pleasant water would be released to generate power and minimize the amount of water
needed to be pumped from Lake Havasu (Colorado River). 

The Waddell connector canal (see Figure 1.3) was also constructed to connect the CAP
canal with the Pump/Generator Forebay at the New Waddell Dam of the expanded Lake
Pleasant. The water quality in the Waddell Canal will vary depending upon whether water is
being pumped into Lake Pleasant or being released out of Lake Pleasant back into the 
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canal. A number of WTP locations were considered around Lake Pleasant. The selected site
is located east of the Waddell Canal and north of State Route (SR) 74 (Carefree Highway) as
shown in Figure 1.3. The proposed source of water would be the Waddell Canal with the raw
water pump intake Pump Station located in the north east quadrant of where State Route 74
crosses the Waddell Canal as shown in figure 1.3.

2.0 CAP OPERATIONAL IMPACTS ON WATER QUALITY

2.1 Introduction

There are a number of sources that will affect the water quality in the Waddell Canal at the
turn-out to the Lake Pleasant WTP Intake Pump Station. The first being the water quality in
Lake Havasu on the Colorado River. The inlet to the Havasu Pump Station is in an arm of
Lake Havasu which can be dominated by inflows from the Bill Williams River. The Bill
Williams River discharges into Lake Havasu immediately to the north of the CAP Havasu
Pump Station intake (see Figure 1.2). Under normal circumstances, the water pumped into
the CAP canal will be predominantly Colorado River water. However under extreme storm
events, the Bill Williams River will flood carrying a large silt load with other adverse water
quality constituents into Lake Havasu and subsequently into the inlet to the Havasu Pump
Station. This has occurred once since the completion of the CAP canal and the start-up of
Union Hills WTP with negative operational impacts on the water treatment plants withdrawing
water from the CAP canal.

The second impact on water quality can occur from the pumping or releasing of water from
Lake Pleasant into the CAP canal through the Waddell Canal. This is especially true with the
turn-out to the Lake Pleasant WTP Intake Pump Station located on the Waddell Canal. When
pumping into Lake Pleasant is occurring, the water in the Waddell Canal is dominated by
CAP water. When neither pumping nor releasing is occurring, the water in the Waddell Canal
is relatively stagnant and given the spring/summer period during which this condition occurs,
the water can experience algal blooms. Upon construction of the Lake Pleasant WTP, the
water in the Waddell Canal will be dominated by the water being pumped out to the Lake
Pleasant WTP. As a result, during the period of no release from or pumping into Lake
Pleasant, the water quality could be more representative of the normal CAP water. When
water is released from Lake Pleasant into the Waddell Canal, the water quality will be
representative of CAP water blended with a mix of CAP and Agua Fria River water. However,
the inflows into Lake Pleasant by the Agua Fria River is quite small in comparison to the
impacts from the CAP water being pumped into the lake. Probably more than 90 percent of
the water in Lake Pleasant is CAP water. In addition, the storage time in Lake Pleasant can
alter the water quality especially related to algal growth cycles and their by-products.

There have been events in the past which have demonstrated that Lake Pleasant with-
drawals can produce water that has very high taste and odor (T&O) problems. This generally
occurs when algae laden water is withdrawn from the upper levels in the lake (where
sunlight can stimulate algae growth) through the upper gates in the Intake Tower (see Figure
1.4). The current operational practice of CAWCD is to release water from Lake Pleasant
through the lower gates. This has reportedly reduced the T&O problems in the plants
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treating CAP water, presumably because the water in the lower levels of the lake does not
contain a significant algae population. It has also been reported that organic matter is
accumulating on the bottom of the lake between the New Waddell dam and the previous
dam which has been inundated by the Lake. This organic material may be approaching
anoxic or anaerobic conditions and if pulled into the lower gates, could result in water which
would generate high taste and odors. Usually when this occurs the water being released is
also highly colored and has been reported as “black water”. The operating agency of the
CAP system, the Central Arizona Water Conservation District (CAWCD), monitors dissolved
oxygen (DO) in the water being released, and if DO drops below acceptable levels, CAWCD
can shift the withdrawal point to the upper gates in the Intake Tower. 

2.2 Impacts from the Bill Williams and Agua Fria Rivers

2.2.1 Historical Data

In 1993 and 1995, the Union Hill WTP received water with abnormally high turbidities
ranging between 20 and 200 NTU. Due to these unusual raw water conditions the capacity
of the plant was significantly reduced to provide acceptable finished water quality. The
abnormal raw water turbidity was due to a combination of events which included, (a) above
normal precipitation over most of Arizona, (b) low releases from Lake Mead into the
Colorado River, (c) Bill Williams River flooding impacts at the CAP canal intake,
(d) resuspension of canal sediment, and (e) start-up operations of the new Waddell Dam,
which consisted mostly of Agua Fria River storm runoff into Lake Pleasant.

Reliability of the Lake Pleasant WTP has been identified as a key issue. Reliability has been
loosely defined as being able to treat raw water quality which the plant would encounter 95
percent of the time, while meeting current and potential future regulations. In order to
estimate the variation in the potential water quality, Union Hills WTP raw water data since
1986 was evaluated. The impacts of the Agua Fria River, Bill Williams River and the Colorado
River on the raw water quality at Union Hills WTP was evaluated over the same period.

The historical data for the Union Hills WTP for the years 1991 through 1999 were obtained in
electronic format from the City of Phoenix. Additional data for the years 1986 through 1991
were obtained in raw form (hand written data sheet) and later manually input to a database.
Raw water quality for the Agua Fria River, Bill Williams River and the Colorado 
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River were obtained in electronic format from the United States Geological Service (USGS).
The USGS sample stations used for the data source for the Agua Fria River, Bill Williams
River and Colorado Rivers were located at Rock Springs upstream of Lake Pleasant, below
Alamo Dam and below Parker Dam respectively (see Figure 1.2).

Box and whisker plots were used to compare the data. The box and whisker plots
graphically displays the various percentile of the data set by the use of “whiskers,” a box
and a line within the box as shown in Figure 1.5. The box can be used to analyze the center
and spread of the data and the departure from the mean. The box and whisker plots for
various water quality parameters over time for the water source are included in Appendix A.
The box and whisker plots for combined comparison between water sources for various
water quality parameters are included in Appendix B.

2.2.2 Parameters measured in CAP canal, Bill Williams River, Agua Fria River and the
Colorado River

Several parameters (trace metals and organics) are routinely analyzed by the USGS,
however, the detection limits of these tests are well above those established for this study.
Therefore, eight (8) general water quality parameters that significantly impact treatability
were selected for further study and evaluation. The following eight parameters have used
relatively consistent analytical techniques over the last ten years:

• Alkalinity

• Hardness

• pH

• Temperature

• Total Dissolved Solids (TDS)

• Turbidity

• Iron

• Manganese

2.2.3 Parameter by Year

Box and whisker plots were developed for each of the eight (8) parameters comparing the
three water sources and the Union Hills WTP raw water quality. These box plots are included
in Appendix A. Generally for hardness, pH, temperature, TDS, iron and manganese, very
few meaningful conclusions can be drawn from these box and whisker plots. However, the
raw water alkalinity at the Union Hills WTP has shown significant variability. As seen in Figure
1.6, the mean alkalinity has risen from 95 mg/L in 1986 to about 130 mg/L in 1998. Major
declines in raw water alkalinity in 1993 can be attributed to the storm events, which
increased the runoff from the Bill Williams River into Lake Havasu and subsequently into the
CAP intake or from inflows from the Agua Fria River into Lake 
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Pleasant and thence released into the CAP canal (see box and whisker plots for 1993 in
Figure 1.6). The variation in alkalinity in the Bill Williams River in 1991 did not impact Union
Hills WTP due to the small runoff. Changes in alkalinity can affect the treatability of the water.
A decrease in alkalinity generally makes the flocculated particles “fluffy” which do not settle
well making the water more difficult to treat.

As seen in Figure 1.7, the turbidity data at the Union Hills WTP indicates that the raw water
conditions began to worsen in 1991, reached a peak in 1995 and have since started to reach
a low steady state condition. This observation can be made by looking at the outliers
(asterisk) in the box and whiskers plot for the Union Hills WTP. The poor water quality at the
Union Hills WTP between 1991 to 1994 is probably attributable to the inflows from the Agua
Fria or Bill Williams Rivers (the black arrows under a given year show extreme outliers). Even
though the Agua Fria and Bill Williams rivers typically flow in small quantities they can cause
extreme water quality conditions in the CAP canal. There is a possibility that the trend
observed between 1991 and 1998 at the Union Hills WTP may reoccur periodically. The
“return period” charts discussed in sections 2.2.6 and 2.2.7 provide an estimate of the
periodicity or frequency.

2.2.4 Parameter by Source

The entire data set for a given parameter was combined to develop the box and whisker
plots for each of the eight (8) water quality parameters with all four water sources plotted for
comparison. Combining the data set removes temporal variation seen between years and
provides an overall comparison. The combined source box and whisker plots are included in
Appendix B. As with the box and whisker plots by year (Appendix A), only the data for
alkalinity and turbidity will be discussed.

As can be observed in Figure 1.8, the alkalinity of the Agua Fria and the Bill Williams rivers
are higher than those observed in the Colorado River or at the Union Hill WTP. Both the
Agua Fria and Bill Williams rivers have several extreme outliers indicating the variability in
the water quality of these rivers. The Colorado River is very stable as indicated by the narrow
box and whisker plot.

A comparison of the turbidity plots in Figure 1.9 gives a clear indication in the variation of
water quality between the water sources. The Bill Williams River has the greatest variability
compared to the Agua Fria River and Colorado River (see asterisks). The size of the box also
shows the variability of the water. For example, the box is reduced to a line for the Colorado
River indicating a consistent narrow range in turbidities that is caused by the attenuation of
turbidities by Lake Havasu. However, the Bill Williams River data can be clearly seen as a
wide box with several outliers.
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Iron and manganese information has been provided for completeness of the data in both
Appendix A and Appendix B. This data should be used with caution due to the several
reported values with extremely high concentrations. For instance, there was a reported value
of iron concentration of 690,000 mg/L. This high of a concentration would exceed any
reasonable value. High levels of iron and manganese create aesthetic problems in potable
water in terms of color, taste, and staining. If these constituents are present in sufficient
concentration, treatment strategies would have to be implemented to remove iron and
manganese.

2.2.5 Temporal Variation of Parameters

The data sets for the three river sources were compared to observe the temporal variations
in the individual rivers and their collective impact on the raw water quality at Union Hills WTP.
The temporal plots are included in Appendix C.

As was observed in the box and whisker plots in Figure 1.8, the Agua Fria and Bill Williams
rivers have higher alkalinity values than the Colorado River and Union Hills WTP raw water.
The Union Hills WTP raw water characteristics could be impacted during an extreme rainfall
event in the watersheds of the Bill Williams and Agua Fria rivers such as the one observed in
1992 (see Figure 1.10). During the storm event, the average alkalinity was reduced from 130
mg/L to 90 mg/L thus making the water more difficult to treat. Conversations with the Union
Hills WTP personnel indicated that high coagulant doses were needed to form a stable floc
particle.

As can be seen in Figure 1.11, generally the turbidities in the Colorado River and the Union
Hills WTP raw water are relatively constant. However, during a storm event these turbidities
are increased by over an order of magnitude. The unusual storms in 1992 caused the flows
in the Bill Williams and Agua Fria rivers to rise to inordinately high flow rates thus significantly
impacting the raw water quality in the CAP canal at the Union Hills WTP. The turbidity spikes
in the Agua Fria and Bill Williams rivers (year 1992) and their impact on the Union Hills WTP
can be observed in Figure 1.11. Unusual rainfall during 1995 in the Agua Fria River
watershed also impacted the raw water conditions at the Union Hills WTP (see plot). 

To assess the impacts of storm run-off from the Bill Williams and Agua Fria rivers on water
quality in the raw water at the Union Hills WTP, a temporal plot of flow in the Bill Williams
River and the turbidities at the Union Hills WTP intake for the years of 1992 to 1995 were
included in Figure 1.12 and similarly for the Agua Fria River in Figure 1.13. From these two
figures, it is apparent that the operational difficulties due to raw water quality that occurred at
the Union Hills WTP in 1993 and 1995 were a direct result of large flows with high turbidities
in the Bill Williams and Agua Fria rivers and subsequent delivery of this water down the CAP
Canal. It should be noted that at times other than these extreme events, the water quality
delivered down the CAP canal to the Union Hills WTP is representative of 
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Colorado River Water. In order to set the range of water quality parameters that would be
experienced at the Lake Pleasant WTP, it is important to know how frequently these type of
extreme events will occur. It is also possible that the problem that occurred in 1993 was due
to the fact that Lake Pleasant with the New Waddell Dam was nearly empty when the high
flows from the Agua Fria River occurred. This flow filled the expanded Lake Pleasant and
when subsequently released into the Waddell Canal and subsequently the CAP Canal, the
water quality in the CAP Canal was dominated by the lower quality Agua Fria River flows. An
examination of this data shows that the high flows in the Agua Fria River generally occurs in
the spring months which under current operations of the CAP system would be when Lake
Pleasant would be mostly full with Colorado River pumped into the Lake during the winter
months. Hence, flows from the Agua Fria, even if quite high, would be diluted with Colorado
River water. It is not anticipated that the water quality problems seen at the Union Hills WTP
in 1993 would be repeated. However, the effects of flows from the Bill Williams River on Lake
Pleasant WTP water quality needs a return period analysis to determine the likelihood of
reoccurring poor water quality conditions similar to those experienced in 1995.

2.2.6 Bill Williams River Return Period

Daily flow data was obtained from the USGS from 1941 to present. Figure 1.14 shows a plot
of the Bill Williams River flow rate information collected down stream of the Alamo Dam. The
highest flow event was recorded in 1951 as 23,000 cubic feet per second (cfs). The Bill
Williams River watershed received its highest rainfall rates during 1961 and 1971.
Unfortunately, water quality data was not available during this period to study the impact on
the Colorado River. The recent storms of 1993 and 1995 were roughly 7,000 cfs each. Water
quality data presented in the previous section showed that a 7,000 cfs flow is capable of
substantially changing water quality at the Union Hills WTP.

In order to effectively establish the water quality that must be treated by the Lake Pleasant
WTP, return period plots (see Figure 1.15) were generated for the Bill Williams River based
on the daily flow data. The return period plot indicated that a 7,000 cfs flow rate could be
expected to occur every eight (8) years. During the last 7,000 cfs storm event in the Bill
Williams River basin the Union Hills WTP operated at a significantly reduced capacity for 30
to 45 days, which would translate into approximately 4-6 days of reduced flow or potential
shutdown of the plant in a given year. It is important to recognize that statistically the plant is
expected to shut down 4-6 days. However, it is possible that the entire shut down of 30-45
days could occur in a given year during a 7,000 cfs storm event.

2.2.7 Agua Fria River Return Period

Similar to the Bill Williams River the Agua Fria River flow data was obtained from the USGS.
A flow rate plot showing the variations in flow at Rock Springs between the years 1968 to
1998 is presented in Figure 1.16. The largest flow event in the Agua Fria River was 
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recorded in 1993 at 33,000 cfs. Coincidentally, this large volume of flow occurred when the
New Waddell Dam was brought into operation. Subsequent to the storm event, the Union Hill
WTP had difficulties treating the water due to the low alkalinity level. Large rainfall rates also
occurred between 1975 and 1980 in the Agua Fria River watershed. The peak flow rate
during this period was approximately 17,000 cfs, which was approximately half of that
observed in 1993.

Based on the information collected from the USGS a return period chart was developed for
the Agua Fria River (see Figure 1.17). The chart indicated that the 1993 flow rate of
33,000 cfs resulted from approximately a 100-year storm event and will likely not be
considered in the design of the plant due to the prohibitive costs that would be incurred.
However, the return period for a 15,000 cfs storm event seen in 1995 is only of eight (8)
years. During the 1995 storm event, the turbidity impacts at the Union Hills WTP were
minimal however the water was difficult to treat due to the low levels of alkalinity. However,
as stated previously, the conditions in Lake Pleasant that allowed the Agua Fria River water
to dominate the water quality in the CAP canal is not likely to occur again and the Agua Fria
water will normally be diluted with Colorado River water.

2.3 Design Criteria

In order to have a reliable plant, it is reasonable to design the plant for water quality that
would result from a storm with an eight (8) year return period on the Agua Fria and Bill
Williams river watersheds. It is not reasonable to expect the Lake Pleasant WTP to operate at
reduced capacities more than one month under poor water quality conditions. Based on the
impacts of the eight (8) year return period event on the Union Hills WTP raw water quality the
following design criteria should be used:

• Alkalinity: 100-130 mg/L (45th percentile)

• Hardness: 300-330 mg/L (95th percentile)

• pH: 7.6-8.4 (97th percentile)

• Temperature: 10-32 degree C (100th percentile) 

• Total Dissolved Solids: 400-700 mg/L (89th percentile)

• Turbidity: 2-100 NTU (100th percentile)

These values correspond to the most representative range of values for each parameter
shown later in Table 1.4. Based on the analysis of the flows, it is anticipated that the
conditions which would lead to turbidities in excess of 100 NTU would occur once every
eight (8) years. It should be noted that these values correspond to existing water quality
data at the Union Hills WTP.  This plant will see nearly the same water quality as the
proposed Lake Pleasant WTP when water is being pumped into Lake Pleasant and when
high releases from Lake Pleasant are occurring. It is during the shoulder months (September
and October) when releases from Lake Pleasant are small in comparison to the flow in the
Main CAP Canal that there may be some differences between the two plants.
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3.0 SAMPLING PROGRAM

3.1 Locations of Water Quality Sampling Points

As discussed in the previous sections, the water quality that can be experienced by the Lake
Pleasant WTP can vary significantly over time and from day to day. The challenge is to
obtain water quality information that will assist in determining the expected water quality
ranges that will be experienced by the Lake Pleasant WTP. This challenge is made even
more difficult by the recent and up coming water quality regulations.

3.1.1 Existing Water Quality Sampling Points 

Monitoring has been performed at the following points to assess influent water quality for the
future Lake Pleasant WTP. The water quality data collected at these sample points are
discussed in more detail in the next paragraphs.

• 99th Avenue CAWCD Sample Point

• City of Glendale’s Pyramid Peak WTP Intake

• City of Phoenix’s Union Hills WTP Intake

• City of Scottsdale’s CAP WTP Intake

• City of Mesa’s CAP WTP Intake

3.1.1.1  99th Avenue CAWCD Sample Point.  The CAWCD has been monitoring several
water quality parameters since 1996 at several points along the CAP Canal (see
Figure 1.18). The point that is of most interest for this study is the 99th Avenue sampling
point. At the 99th Avenue sample point, the CAWCD samples CAP Canal water from the
Lake Pleasant Road bridge that crosses the CAP canal just downstream of the junction of the
CAP canal and the Waddell Canal. The samples taken at the 99th Avenue CAWCD Sample
point represents the water quality that will be experienced by the Lake Pleasant WTP under
the majority of operating conditions. When CAP water is being pumped into Lake Pleasant,
the same type of water flowing by the 99th Avenue CAWCD Sample point would also be
delivered to the Lake Pleasant WTP. When water is being released from Lake Pleasant, the
water at 99th Avenue CAWCD Sample point will be a blend of the released CAP water and
any CAP water being pumped from Lake Havasu. If the quantity of water being released
from Lake Pleasant is large enough, this blend may be dominated by Lake Pleasant water
and the water quality at the 99th Avenue sample point would be close to that which will be
experienced by the Lake Pleasant WTP.

3.1.1.2  City of Glendale Pyramid Peak WTP Intake Sample Point.  In developing water
quality regulations, EPA promulgated the Information Collection Rule (ICR) which required
large water purveyors to monitor water quality at several locations within the plant and in 
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the distribution system. The ICR data for the water treatment plants taking water from the
CAP canal is a valuable addition to the water quality data available from the CAWCD. The
City of Glendale’s Pyramid Peak WTP is the first municipal WTP along the canal receiving
CAP water. It is located downstream of the Waddell Canal junction (see Figures 1.1 and 1.2)
and experiences either primarily Colorado River water during periods of pumping into Lake
Pleasant or blended water when Lake Pleasant water is released into the CAP canal system.
The ICR data from the City of Glendale Pyramid Peak WTP has been made available and
was added to the other water quality data used in this Technical Memorandum.

3.1.1.3  City of Phoenix Union Hills WTP Intake Sample Point.  The City of Phoenix Union
Hills WTP is the next municipal WTP taking water from the CAP canal downstream of the
Pyramid Peak WTP (see Figures 1.1 and 1.2) and experiences nearly the same influent water
quality conditions as the Pyramid Peak WTP.  ICR data from the City of Phoenix has been
made available and was added to the other water quality data used in this Technical
Memorandum. In addition, the City of Phoenix has been maintaining a raw water quality data
base at the Union Hills WTP since operations began in 1986. This data will also be used for
analysis in this Technical Memorandum.

3.1.1.4  City of Scottsdale CAP WTP Intake Sample Point.  The City of Scottsdale’s CAP
WTP is the next municipal WTP taking water from the CAP canal downstream of the Union
Hills WTP (see Figure 1.1) and also experiences similar water quality as the upstream
WTP’s. A limited part of the ICR data from the City of Scottsdale has been made available
and was added to the other water quality data used in this Technical Memorandum. The
Scottsdale CAP WTP has a raw water impoundment which could affect water quality data
presented in the ICR data set, depending upon where raw water samples are taken, before
or after the impoundment. This factor, in addition to the distance that the water travels in the
CAP canal from the Waddell Canal Junction, may cause changes in water quality that limit
the use of the Scottsdale CAP WTP ICR data. This data is likely not representative of water
quality that would be experienced by the Lake Pleasant WTP.

3.1.1.5  City of Mesa CAP WTP Intake Sample Point.  The City of Mesa’s CAP WTP is the
next municipal WTP taking water from the CAP canal downstream of the Scottsdale CAP
WTP (see Figure 1.1) and experiences changes in influent water quality due to operation of
the CAP system, similar to the upstream facilities.  ICR data from the City of Mesa has been
made available and was utilized to add to the water quality data used in this Technical
Memorandum. As with the Scottsdale CAP WTP, the long travel times within the CAP canal
that are present between Lake Pleasant and the Mesa CAP WTP intake may alter water
quality. Therefore this data may not be representative of water quality at the Lake Pleasant
WTP. 

3.1.2 Additional Current Water Quality Sampling Points

3.1.2.1 Additional Sampling.  In addition to the water quality data available prior to this
study, a separate sampling and analysis program has been implemented for this project.
The existing water quality data was limited in the parameters that were tested, particularly in
total organic carbon (TOC), arsenic, bromide and pathogens. The parameters that are
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included in the existing water quality data is shown in Table E-1 in Appendix E with values
for City of Phoenix UHWTP raw water data. The additional sampling program included
testing for these parameters plus others to provide a full spectrum of water quality. The
following five locations have been selected for this sampling and testing program as shown
on Figure 1.1. 

• On the CAP canal upstream of the junction between the Waddell Canal and the CAP
Canal. This is located at the 163rd Avenue bridge over the CAP Canal.

• Proposed Lake Pleasant WTP Intake Pump Station site on the Waddell Canal. This is
located at the State Route (SR) 74 bridge over the Waddell Canal.

• Lake Pleasant - Two samples taken upstream of the intake tower at depths with
elevations equal to the centers of the two outlet/inlet gates.

• Intake to the Phoenix Union Hills WTP.

A full range of testing was performed on the water samples obtained at these sample points.
The sample point, located upstream of the 99th Avenue sample point, will always be entirely
Colorado River water and is representative of the water that the Lake Pleasant WTP would
experience during the winter months and perhaps during the months when there is neither
pumping into nor releasing from Lake Pleasant into the Waddell Canal. The Lake Pleasant
sampling data is intended to be representative of the water that may be released from Lake
Pleasant during the summer months into the Waddell Canal and be the source for the Lake
Pleasant WTP. The Union Hills WTP intake sample point would represent a blend of
Colorado River and Lake Pleasant waters and could be compared with the other data for the
Union Hills WTP or the other existing water quality data sources.

The additional sampling program started in April 1999 and continued throughout the
conclusion of the Phase 1 study. Data has been included in the water quality data base from
samples taken through March 23, 2000. The sampling program was intended to provide
information on additional water quality parameters that would be important in establishing
water quality goals and selecting alternative treatment trains that are to be evaluated during
the Phase II Pilot Plant Program. The additional sampling program covered a period of time
when the water quality conditions in the Waddell Canal changed due to changes in water
flow directions and magnitude. The operating conditions transitioned from low flow pumping
into Lake Pleasant to high release rates from Lake Pleasant. An interval of approximately two
weeks between sampling events was selected to provide adequate data at a reasonable
cost. The water samples were taken on the following dates at all five sampling points.

• April 19, 1999

• May 11, 1999

• May 24, 1999

• June 7, 1999

• June 28, 1999

• July 12, 1999

• July 26, 1999
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It is anticipated that sampling at these sites would continue past the completion of the Phase
I Study during the Phase II Pilot Plant Study.

3.2 Supplementary Sampling

During the months of late May, June and early July, the CAWCD normally implements a
variable release/pumping strategy which affects the flow regime in the Waddell Canal. There
may be events in which the CAWCD will change, day to day, from no flow to releasing from
Lake Pleasant and then back to no flow in the Waddell Canal. During this period there may
be occasions when the CAWCD may also pump water into Lake Pleasant and then stop
pumping for a short period and then switch to releases from Lake Pleasant. Prior to May, the
CAWCD pumps constantly from the Waddell Canal into Lake Pleasant. After the first of July,
the CAWCD releases nearly constantly from Lake Pleasant into the Waddell Canal. However,
after the Lake Pleasant WTP is in operation and CAWCD is neither pumping into nor
releasing from Lake Pleasant, the flow in the Waddell Canal will be only that to serve the
Lake Pleasant WTP. Under these conditions, the water delivered to the Lake Pleasant WTP
would be Colorado River water delivered through the Main CAP Canal and into the Waddell
Canal to the Plant.

During the months of May, June, October and November, there are frequent changes in flow
in the Waddell Canal. The variable releases/pumping strategy could significantly impact the
water quality at the proposed Lake Pleasant WTP intake. In particular, there was a concern
that significant changes in the quantity of flow released from Lake Pleasant could agitate any
silts and organic debris that may have settled out in the Waddell Forebay during the winter
and spring months. During these periods of high flow releases, the water in the Waddell
Canal could have higher levels of turbidity and other contaminants which may impact the
treatment efficiency of the Lake Pleasant WTP and its ability to meet finished water goals.
Furthermore, rapid changes in water quality can cause other operational difficulties.

Because of this concern, a supplemental sampling plan was initiated to capture suspected
water quality changes associated with these unique flow patterns within the Waddell Canal.
Rapid changes in water quality were monitored through continuously sampling at the future
turn-out (second sample point) for the proposed Lake Pleasant WTP. Initially a manual
sampling plan was instituted to capture the changes in water quality for the first releases of
the season from Lake Pleasant into the Waddell Canal which occurred on May 20, 1999. The
sampling and testing protocol for this First Release Sampling Event is included in Appendix
E. During subsequent changes in the flow regime in the Waddell Canal, additional
supplemental water quality sampling was performed using an automatic sampler. Sampling
and testing was performed as described in the abbreviated protocol included in Appendix A
for the months of June and July 1999. The monitoring was performed until consistent release
conditions were reached. The amount of water releases from Lake Pleasant into the Waddell
Canal that have occurred during these months are shown graphically in Figure 1.19. The
monitoring results from the supplemental sampling program are discussed in the following
section.
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4.0 WATER QUALITY CHARACTERIZATION

A water quality summary database was developed to include a list of raw water and finished
water quality parameters relative to the treatability of Lake Pleasant water. The list, as shown
in Table 1.4, includes those parameters that are currently regulated and those that could be
regulated in the future. Parameters such as specific ultraviolet absorbance at 254 nano-
meter (SUVA) and disinfection byproducts formation potential, which are strictly used to
evaluate the level of treatment required, are also included. The database was constructed
utilizing existing information and new data collected at various sample points along the CAP
canal and within Lake Pleasant as discussed in previous sections.

4.1 Existing Water Quality Data

4.1.1 Historical Water Quality

As discussed in Section 2.2 and 2.3, historical water quality data was obtained for the
Colorado River, the Bill Williams River and the Agua Fria River as well as for the CAP Canal
at the intake to the Union Hills WTP. This data was analyzed and it was determined that
impacts on water quality in the CAP canal from high flows in the Bill Williams River and the
Agua Fria River could occur as frequently as every 8 to 10 years. In order for the Lake
Pleasant WTP to be a reliable source of supply, the facility must be able to treat this quality
of water without shutting down. Based on the eight (8) year return-period storm events the
following raw water quality was observed at the Union Hills WTP.

• Alkalinity: 100-130 mg/L 

• Hardness: 300-330 mg/L

• pH: 7.6-8.4

• Temperature: 10-32 degrees C

• Total dissolved Solids: 400-700 mg/L

• Turbidity: 2-75 NTU (Note: Instantaneous turbidity has been reported as high as
200 NTU)
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Historical data has indicated that these raw water qualities could persist between 30 to 45
days during a storm event. Two of the most critical parameters are alkalinity and turbidity.
Low alkalinity water is difficult to coagulate and requires higher doses of coagulant. An
increase in coagulant dose reduces filter run times. While high turbidity does not interfere
with floc formation, a higher coagulant dose is required to flocculate the water. This process
in turn, can further reduce filter run times.

4.1.2.1 Available CAP Water Quality Data.  The primary source of the existing water quality
data includes ICR data, City of Phoenix non-ICR data and CAWCD data. The ICR data was
collected from several cities around the Valley, which utilize the Colorado River as the raw
water source. The list below summarizes the various sources for the ICR data:

• City of Phoenix, Union Hills Water Treatment Plant (raw water).

• City of Glendale, Pyramid Peak Water Treatment Plant (raw water).

• City of Scottsdale, CAP Water Treatment Plant (raw water).

• City of Mesa, CAP Water Treatment Plant (raw water).

The non-ICR data is limited to the routine monitoring conducted at the City of Phoenix Union
Hills WTP and CAWCD. The City of Phoenix data is divided into two regimes, those that were
collected before 12/94 and those that were collected after 1/95. The objective of dividing the
data into the two regimes was to minimize the impact of the unusual water quality changes
associated with the 100-year frequency storm events. The 100-year storms typically
impacted data collected before 12/94.

The finished water SOC and VOC data from the Union Hills WTP was included in the
database. Since the unit processes at Union Hills WTP were not designed to remove any
SOCs or VOCs from the raw water, it was assumed that the finished and raw water values
would be similar. A summary of the non-ICR data is presented below.

• City of Phoenix, Union Hill Water Treatment Plant raw water (before 12/94).

• City of Phoenix, Union Hills Water Treatment Plant raw water (after 1/95).

• City of Phoenix, Union Hills Water Treatment Plant finished water (SOCs and VOCs
only).

• CAWCD data (99th Avenue).

4.2 Current Sampling Water Quality Data

Careful evaluation of the existing water quality data revealed that several critical water
quality parameters such as TOC, arsenic, bromide and pathogens were unavailable. In
order to obtain a complete data set a new sampling protocol was established to collect
samples at five key locations. The sample locations were located in the Lake and along the
CAP canal to the Union Hill Water Treatment Plant, as previously described.
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4.3 TOC Profiling/Fractionation

Raw water samples were collected at Sample Point No. 1 (CAP canal at 163rd Avenue
bridge), Sample Point No. 2 (the location of future Lake Pleasant WTP intake pump station),
and Sample Point No. 5 (Union Hills WTP intake) and were sent to the University of Colorado
for natural organic matter (NOM) profile/fractionation tests. In the fractionation tests the NOM
is divided into three sizes using 2,500 and 10,000 dalton ultra-filtration membranes. An
Osmonics/Desal ultra-filtration membrane kit was utilized for the test.

The fractionation tests were conducted as follows: raw water was first filtered through a
0.45 Fm filter to remove large suspended material that could potentially foul the membranes.
A permeate sample from the 0.45 Fm filter was collected to analyze for baseline TOC and
THMFP. The permeate of the 0.45 Fm filter is then passed through a 10,000 and 2,500
dalton ultra-filtration membrane to fractionate the water into three ranges, >10,000 daltons,
<10,000 to >2,500 daltons and <2,500 daltons size ranges respectively.

Table 1.1 presents the NOM fractionation results for the six samples. General observation
indicate that the NOM concentrations in a given range i.e., >10,000, <10,000 and >2,500
and <2,500 have similar values irrespective of the sampling point. A majority of the NOM
fraction is <10,000 daltons with approximately 50 percent of this value below 2,500 daltons.

Typically, a coagulation process is able to remove particles in the size range greater than
5,000 daltons. Without considering THM formation, the use of ferric chloride as a coagulant
looks promising for enhanced coagulation for TOC reduction. Ferric chloride has been
shown through pilot testing and from full scale experience at the Union Hills WTP to be a
more effective coagulant than alum for treating CAP water. However, the removal efficiency
of THM precursors in Lake Pleasant water, with coagulation, would be relatively poor due to
the significant fraction of TOC below 2,500 daltons, which contributes to most of the THM
formation. GAC adsorption is a viable technique for removing NOM material in the 500
dalton size range. However, the removal efficiency is also a function of the type of NOM
material, i.e., humic or non-humic. In general, GAC adsorption preferentially removes the
humic fraction and is less effective in removing the non-humic (fulvic) fraction other than the
molecule size, the humic and fulvic fractions have no influence on their removal by UF/MF
membranes. Commercially available low pressure ultra-filtration and micro-filtration
membranes are able to reject particles in the size range of 5,000 to 7,000 daltons. The NOM
results indicate that the UF/MF membranes would pass most of the NOM material.
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Table 1.1 LPWTP NOM Fractionation Results
Lake Pleasant WTP Water Quality Testing Study - Phase 1

Sample Number
Average Feed
DOC (mg/L)

Fraction >10,000
(mg/L)

Fraction <10,000
& >2,500 (mg/L)

Fraction <2,500
(mg/L)

1 (SP#1) 3.10 0.77 0.37 1.96

2 (SP #2) 2.86 0.65 0.99 1.22

3 (SP #5) 2.79 0.54 1.23 1.02

4 (SP #1) 3.32 0.78 1.4 1.14

5 (SP #2) 2.87 0.56 1.28 1.03

6 (SP #5) 2.86 0.74 1.11 1.01

 SP - Sample Point

Table 1.2 presents the results of the THMFP tests that were conducted on the raw water
(0.45 Fm filter permeate) and various fractions of the water matrix. THMFP tests were
conducted to simulate a distribution system residence time of 48 hours, a temperature of
20"C and a chlorine residual of 1.0 to 1.5 mg/L. The samples were dechlorinated with
ammonium chloride solution prior to analysis.

Table 1.2 LPWTP THMFP Results (FFg/L)
Lake Pleasant WTP Water Quality Testing Study - Phase 1

Sample Number Feed, FFg/L Fraction >10,000
Fraction <10,000

& >2,500 Fraction <2,500

1 (SP#1) 69.7 1.7% 24.2 43.8 (62.8%)

2 (SP #2) 70.7 1.3% 31.3 38.1 (53.8%)

3 (SP #5) 66.8 1.4% 29.7 35.7 (53.4%)

4 (SP #1) 63.5 0* 22.3 41.2 (64.9%)

5 (SP #2) 68.7 0* 27.6 41.1 (59.8%)

6 (SP #5) 53.9 0* 13.8 40.1 (74.4%)

*Shown as zero. Actual data is inconclusive.

The data indicates that approximately 53 to 75 percent of the THMs were formed by NOM
particles of size fraction less than 2,500 daltons. This could pose a substantial problem since
coagulation and UF/MF membrane are not efficient in removing NOM particles less than
5,000 daltons. The results also indicate that unless particles less than 2,500 daltons are
removed, the plant may not be unable to meet the potential 40 THM/30 HAA Fg/L
requirements of the Stage II D/DBP rule (if free chlorine is used as the secondary
disinfectant).

Table 1.3 shows the THMFP test results for the humic/non-humic fraction of the NOM
material. The primary benefit of the test is to understand the chemical nature of the NOM
material and also to provide a general understanding of the adsorbability of the compounds
on GAC to indicate the treatability of NOM removal with this process. Two resins, XAD-4 and
XAD-8 were selected for the test. Resin XAD-4 has a tendency to remove hydrophilic
compounds, which are typically difficult to adsorb with GAC. Resin XAD-8 has a tendency to
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remove hydrophobic compounds, which are relatively easy to adsorb. Those compounds
that do not belong to the hydrophobic or hydrophilic groups are called transphilic
compounds. Test results from previous studies on Colorado River water showed that the
NOM concentration in the samples can be broadly classified into 36 percent hydrophobic, 36
percent hydrophilic and 28 percent transphilic substances. As a matter of interest, NOM
fractionation studies have shown that ozonation converts a portion of the transphilic NOM
into hydrophobic compounds.

Similar to the previous studies, two day SDS THMFP studies were conducted on the effluent
of columns filled with XAD-4 and XAD-8 resin. Note that the effluent from an XAD-4 column
would consist of hydrophobic and transphilic compounds since the resin selectively removes
hydrophilic compounds. On the other hand, the effluent of the XAD-8 column would consist
of hydrophilic and transphilic compounds since the hydrophobic compounds are removed in
the resin.

Table 1.3 LPWTP Humic/Non-humic THMFP Results (FFg/L)
Lake Pleasant WTP Water Quality Testing Study - Phase 1

Sample Number XAD-4 (Hydrophilic) XAD-8 (Hydrophobic)

1 (SP #1) 35.6 Fg/L 46.6 Fg/L

2 (SP #2) 26.2  Fg/L 46.9 Fg/L

3 (SP #5) 34.9  Fg/L 48.7 Fg/L

4 (SP #1) 33.8  Fg/L 49.6 Fg/L

5 (SP #2) 37.7  Fg/L 52.3 Fg/L

6 (SP #5) 24.3 Fg/L 44.4 Fg/L

The results show that the water quality was relatively similar at all the sampling points.
Approximately 55 percent of the THMs are being formed by hydrophilic and transphilic
compounds, which could be difficult to adsorb on to GAC if GAC contactors were to be used
in the treatment process. This indicates that some form of pretreatment, such as enhanced
coagulation or ozonation would be required to reduce TOC and/or increase the adsorbability
of the transphilic NOM material. A direct comparison between the adsorption of the XAD-8
resin and GAC should not be made since the GAC media has five times greater adsorption
surface area per unit mass of media and is typically activated to a higher degree.

The results of the current NOM profiling tests indicate that a substantial portion of the THMs
will be formed by the <2,500 dalton fraction, which also implies that the performance of
conventional coagulation and MF/UF for NOM removal of THM precursors may be poor.
While Stage I requirements of the D/DBP rule may be achieved with conventional
coagulation and/or MF/UF, meeting Stage II requirements of the D/DBP rule may not be
possible with conventional coagulation and MF/UF alone. GAC could be a viable option to
meet the requirements, however, pretreatment conditions should be properly evaluated to
increase the life of the GAC media.
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Additional data is currently being analyzed at the University of Colorado and will be included
in the final report.

4.4 Supplemental Water Quality Sampling

Raw water quality data available today for the CAP and Lake Pleasant waters is sporadic
and inadequate to develop any meaningful conclusions. In addition, the data from the
various sources have been collected with varying degrees of laboratory data quality
objectives, which raises question regarding the validity of the data. Therefore, one of the
primary objectives of this project was to collect data with high analytical quality, which would
then be used to create a new database for the CAP and Lake Pleasant waters. The collection
and development of the Water Quality Database has been presented in previous sections.

In order to quantify the impacts of the Lake Pleasant operational changes on the water
quality, a supplemental water quality sampling program was initiated. The objective of the
sample program was to collect hourly samples at the location of the new LPWTP pump
station to quantify any water quality impacts during these release events. The release event
flow rates ranged from about 400 to 3,000 cfs. During the first release of the season a
manual sampling program was initiated, subsequently an auto-sampler was used to collect
composite water quality samples. The auto-sampler was programmed to collect one sample
every 15 minutes and four of these samples were composited to form the hourly sample.

The results from the first release from Lake Pleasant are shown in Figure 1.20. Two of the
most important observations were the variation in temperature and turbidity. The drop in
temperature was expected due to the release from the lower portions of the lake, which is
typically cooler than CAP water due to thermoclines. As expected, the sediments from the
pump station forebay were resuspended to increase raw water turbidity from the average
level of 0.75 NTU to 8.5 NTU. Sampling conducted after a 24-hour period showed that most
of the parameters stabilized except for turbidity, which ranged between 0.75 and 2 NTUs.
The spike in turbidity was not observed during subsequent sampling sessions indicating that
the sediment from the forebay could have been flushed away during the first release. TOC
samples collected during the elevated turbidity period were similar to those collected before
the start of the test. Indicating that the turbidity was mostly inorganic in nature.
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Even though there was some variation in turbidity during the first releases, they were all less
than 10.0 NTU, which would not create a treatability concern. The preliminary conclusion is
that there appears to be minimal change in the treatability of water in the Waddell Canal
during the transition periods when there are rapid changes in flow regimes.

4.4.1 Critical Water Quality Testing

Studies conducted by other cities on water sources with significant recreational use have
indicated that the pathogen levels in the water typically increased after extensive use by
bathers. A critical water quality testing program was initiated in order to quantify the effect of
bathers and recreational water craft on pathogen concentration. During the Independence
Day weekend, a composite sampler was set-up to collect water quality samples for
approximately two to three days. The samples were composited and analyzed for
Cryptosporidium, Giardia and HPC, in addition to several general water quality parameters
such as TOC, pH, etc. The results of the pathogen samples were similar to those observed
during times of minimal lake usage indicating that an immediate impact on pathogen
concentration was not observed. It is possible that a pathogen spike may occur after some
time period following a long weekend where heavy recreational uses occurred, however data
was not collected over a long enough period of time to verify this condition.

4.5 Representative Water Quality Range

Based on the information collected in the database a “Representative Water Quality Range”
was derived for each parameter (see Table G-1 in Appendix G). The most representative
water quality range was calculated to provide a range of design values for each parameter.
The most representative water quality range for a given parameter corresponds to the lowest
and the highest 90th-percentile value taken from all sample locations. However, in case of
insufficient data a single value has been provided in lieu of a range. 

Some of the numbers in the “Representative Water Quality Range” have been modified to
reflect the changes in raw water quality due to extreme events in the Agua Fria River and Bill
Williams River watersheds. The actual values of the parameters have been presented in
Section 2.2. Generally, the storm events reduced alkalinity, lowered pH, lowered
temperature, lowered TDS and increased turbidity.

A review of the Representative Water Quality Range in Table 1.4 will show that the water in
the Waddell Canal can be characterized as hard water with high alkalinity, high total
dissolved solids, low turbidity, high sulfates and high chlorides generally representative of
water from the Colorado River. Levels of TOC in the water could be a source of concern in
order to meet the D/DBP Rules for the finished water from the Lake Pleasant WTP. If Ozone
addition is to be considered as a treatment process, the bromide levels are also a concern,
regarding bromate formation potential. A recent contaminant of concern, perchlorate (CLO4

-),
has also been included in Table 1.4. This contaminant is a product from the solid rocket
industry and has found its way into the Colorado River, probably from past activities near
Henderson, Nevada. The USEPA is in the process of developing a regulation for perchlorate
in drinking water.



P:\Client\Phoenix_PHXW\4900a00\TecMem\TM1_Report.wpd June 11, 20001-43

Table 1.4 Water Quality Ranges for the Waddell Canal
Technical Memorandum No. 1
Lake Pleasant Water Treatment Plant Water Quality Testing - Phase 1

Parameters
(mg/L unless otherwise noted) 
<DL - Less than Detection Limit

EPA
Primary

MCL

EPA
Secondary

MCL

Most
Repres.
Range

GENERAL WATER QUALITY PARAMETERS

Alkalinity (as CaCO3) None None 132-152

Color (Color Units) None 15 0-4.0

Conductivity (mho) None None 983-1050

Dissolved Oxygen None None 9.3-11.7

Hardness (as CaCO3) None None 192-328

Oxidation Reduction Potential (mV) None None 141-172

pH None 6.5-8.5 8.1-8.9

Silica None None 8.5-9.5

Suspended Solids None None 1.9-7.6

Temperature (degree C) (Includes Extreme Events) None None 10-30

Total Dissolved Solids None 500 623-711

Turbidity (NTU) (Includes Extreme Events) 0.3PS None 0.35-100

Volatile Suspended Solids None None 1.0-4.0

MICROBIOLOGICAL - WATER

Total-Coliform (#/100ml) DS <5%+ None 24-1990

Fecal Coliform or E. Coli (#/100ml) TT None 1-26

Heterotrophic Plate Counts (cfu/ml) TT None 236-3820

PARASITES AND VIRUS

Giardia lamblia (cyst/100L) (note 1) TT None <DL-10

Cryptosporidium (oocyst/100L) (note 1) TT None <DL-20

Enteric Virus (#/ml) TT None NA

Legionella (#/ml) TT None NA

TASTE AND ODOR

MIB (ng/L) None None 2-36

Geosmin (ng/L) None None <DL-59

Algae Count (#/ml) None None 847-2893

Algae Speciation (% genus) None None 10-73.4%

Chlorophyll/ Pheophytin Ratio None None 1.3-5

Threshold Odor Number None 3 NA

Flavor Profile Analysis (12 point scale) None None NA

NUTRIENTS - WATER

Nitrate 10 None 0.20-0.36

Nitrite 1 None <DL

Nitrate + Nitrite (both as N) 10 None 0.20-0.36

Phosphorus None None ND-0.02

DISINFECTION BY-PRODUCTS PRECURSORS

Total Organic Carbon (TOC)-water TT (% Removal) None 2.7-3.9

Dissolved Organic Carbon (DOC)-water None None 2.7-2.9

TOC-sediment None None NA
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Total Organic Halides (TOX) (ug/L) None None <DL-138

UV 254 (cm-1) None None 0.05-0.08

SUVA (L/mg-m) None None 1.5-2.2

Bromide None None 0.10-0.13

DISINFECTION BY-PRODUCTS FORMATION POTENTIAL

Trihalomethanes Formation Potential (ug/L) None None 101-110

Haloacetic acids Formation Potential (ug/L) None None 52-62

Assimilable Organic Carbon (ug/L) None None NA

DISINFECTION BY-PRODUCTS

Total Trihalomethanes 0.080 None NA

Haloacetic acids (5) 0.060 None NA

Bromate 0.010 None NA

Chlorite 1.0 None NA

DISINFECTANTS (MRDLS/MRDLGs)

Chlorine 4.0 None NA

Chloramines 4.0 None NA

Chlorine dioxide 0.8 None NA

INORGANIC ANALYSIS - WATER

Aluminum None 0.05-0.2 NA

Antimony 0.006 None <DL

Arsenic 0.05 None <DL-0.0054

Asbestos (million fibers/L) 7 None <DL

Barium 2 None 0.09-0.11

Beryllium 0.004 None <DL-0.0015

Cadmium 0.005 None <DL

Calcium None None 76-83

Chloride None 250 70-98

Chromium (total) 0.1 None <DL-0.007

Copper TT 1.3PS <DL-0.0055

Cyanide 0.2 None <DL

Fluoride 4 2 0.34-0.44

Iron None 0.3 0.07-0.2

Lead TT 0.015PS <DL-0.00072

Magnesium None None 27-32

Manganese None 0.05 0.007-0.050

Mercury 0.002 None <DL-0.0006

Nickel 0.1 None <DL-0.015

Selenium 0.05 None <DL

Silver None None <DL

Sulfate None 250 219-294

Thallium 0.002 None <DL



Table 1.4 Water Quality Ranges for the Waddell Canal
Technical Memorandum No. 1
Lake Pleasant Water Treatment Plant Water Quality Testing - Phase 1

Parameters
(mg/L unless otherwise noted) 
<DL - Less than Detection Limit

EPA
Primary

MCL

EPA
Secondary

MCL

Most
Repres.
Range

P:\Client\Phoenix_PHXW\4900a00\TecMem\TM1_Report.wpd June 11, 20001-45

Zinc None 5 NA

PERCHLORATES

Perchlorates None None <DL-0.0077

RADIONUCLIDES

Gross Alpha Emitters (pCi/L) 15 None 3.7-4.6

Gross Beta Emitters (millirem/yr) 4 None <DL-<4

Radium-226 + 228 (pCi/L) 5 None <DL-1.3

Radium-226 (pCi/L) None None <DL-0.9

Radium-228 (pCi/L) None None <DL-1.3

Radon (pCi/L) None None <DL

Uranium (pCi/L) None None 2.7-3.9

VOLATILE ORGANIC CHEMICALS - WATER

Benzene 0.005 None <0.0005

Carbon Tetrachloride 0.005 None <0.0005

Dichloroethane (1,2-) 0.005 None <0.0005

Dichloroethylene (1,1-) 0.007 None <0.0005

Dichloroethylene (cis-1,2-) 0.07 None <0.0005

Dichloroethylene (trans-1,2-) 0.1 None <0.0005

Dichloromethane 0.005 None <0.0005

Dichloropropane (1,2-) 0.005 None <0.0005

Ethylbenzene 0.7 None <0.0005

Monochlorobenzene 0.1 None <0.0005

o-Dichlorobenzene 0.6 None <0.0005

p-Dichlorobenzene 0.075 None <0.0005

Styrene 0.1 None <0.0005

Tetrachloroethylene 0.005 None <0.0005

Toluene 1 None <0.0005

Trichlorobenzene (1,2,4-) 0.07 None <0.0005

Trichloroethane (1,1,2-) 0.005 None <0.0005

Trichloroethane (1,1,1-) 0.2 None <0.0005

Trichloroethylene (TCE) 0.005 None <0.0005

Vinyl Chloride 0.002 None <0.0005

Xylenes (Total) 10 None <0.0005

SYNTHETIC ORGANIC CHEMICALS - WATER

2,3,7,8-TCDD (Dioxin) 3x10-8 None <2.0e-09

2,4,5-TP (Silvex) 0.05 None <0.00036

2,4-D 0.07 None <DL-0.00031

Acifluorfen None None <DL

Acrylamide TT None <DL

Acrylonitrile None None <DL

Alachlor (Lasso) 0.002 None <0.000050
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Aldicarb Sulfoxide None None <0.001

Aldicarb (Tenik) None None <0.001

Aldicarb Sulfone None None <0.001

Atrazine (Atranex, Crisazina) 0.003 None <0.000050

Bentazon None None <DL

Benzoapyrene (PAH) 0.0002 None <0.000020

Carbofuran (Furadan 4F) 0.04 None <0.0015

Chlordane 0.002 None <0.00010

Cyanazine None None <DL

Dalapon 0.2 None <0.0016

Dibromo-chloropropane 0.0002 None <0.000020

Di (2-ethylhexyl) adipate 0.4 None <0.00060

Diethylhexyl Phthalate 0.006 None <0.001

Dinoseb 0.007 None <0.00036

Diquat 0.02 None <0.00040

Endothall 0.1 None <0.006

Endrin 0.002 None <0.000058

Epichlorohydrin TT None <DL

Ethylene Dibromide 0.00005 None <0.000020

Glyphosate 0.7 None <0.006

Heptachlor Epoxide 0.0002 None <0.000018

Heptachlor (H-34,Heptox) 0.0004 None <0.000036

Hexachlorobenzene 0.001 None <DL

Hexachlorobutadiene None None <DL

Hexachlorocyclopentadiene 0.05 None <0.000050

Lindane 0.0002 None <0.000016

Methoxychlor ( Marlate) 0.04 None <0.000050

Oxyamyl (Vydate) 0.2 None <0.002

Pentachlorophenol 0.001 None <0.00027

Phenols None None <DL

Pichloram 0.5 None <0.00030

Polychlorinated Biphenyls 0.005 None <0.00020

Simazine 0.004 None <0.000050

0.003 None <0.0010
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5.0 WATER QUALITY FOCUS GROUP MEETING

5.1 Purpose and Introduction

As a part of this project, a group of distinguished technical experts were assembled to assist
the project team’s focus on specific project water quality objectives. These technical experts
were selected for their extensive expertise in areas which were known to be of concern for
the Lake Pleasant WTP. To this end, the group of water quality experts were assembled to
meet with local members of the project team and with City of Phoenix personnel to address
the water quality issues of the project and to ultimately provide direction in establishing the
finished water quality goals that the Lake Pleasant must meet. The information and water
quality goals from the Water Quality Focus Group meeting was made available to the
experts involved in the subsequent Process Treatment Technology Focus Group meeting to
select the treatment process which will be recommended for evaluation in Phase II of the
study.

5.2 Participants

The WQFG meeting was held on afternoon of May 13, 1999 and the morning of
May 14, 1999. The experts and their area of water quality expertise who participated
included the following individuals listed in Table 1.5:

Table 1.5 Expert Participants in WQFG Meeting
Lake Pleasant WTP Water Quality Testing Study - Phase I

Name Affiliation Expertise

Gary Amy, Ph.D. University of Colorado DBPs, Arsenic and NOM

Larry Baker, Ph.D. Arizona State University Limnology of Lake Pleasant

David Cornwell, Ph.D. Environ. Eng. & Technology Residuals Water Quality

Charles Gerba, Ph.D. University of Arizona Pathogens

William Knocke, Ph.D. Virginia Polytechnic Institute Manganese

Michael McGuire, Ph.D. McGuire Environ. Consultants Regulations

Mel Suffet, Ph.D. Univ. of Calif. At Los Angeles Taste and Odor

David Walker University of Arizona CAP/Lake Pleasant Water Quality

Paul Westerhoff, Ph.D. Arizona State University Local Water Quality Studies

In addition to the experts, the individuals from the City of Phoenix, Carollo Engineers, Black
and Veatch and subconsultants as shown in Tables 1.6 and 1.7 participated in the WQFG
meeting.
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Table 1.6 City of Phoenix Participants in WQFG Meeting
Lake Pleasant WTP Water Quality Testing Study - Phase I

Name Affiliation Position

Aimee Conroy City of Phoenix Water Production Superintendent

Laxman Devkota City of Phoenix Project Engineer

Randy Gottler City of Phoenix Water Services Laboratory
Superintendent

Robert Hollander City of Phoenix Regulatory Affairs Superintendent

K.N. Jagannath City of Phoenix Project Manager

Wayne Janis City of Phoenix Assistant Director - Operations

Dick Musil City of Phoenix Union Hills WTP Laboratory

Carlos Padilla City of Phoenix Water Engineering Superintendent

Mario Saldamando City of Phoenix Assistant Director - Engineering

Table 1.7 Consultant Participants in WQFG Meeting
Lake Pleasant WTP Water Quality Testing Study - Phase I

Name Affiliation Position

Karin Ashley Carollo Engineers Engineer

Gil Crozes, Ph.D. Carollo Engineers Director of Applied Research

Vance Lee Carollo Engineers Water Quality Team Leader

Sanjay Reddy Carollo Engineers Project Engineer

Jerry Russell Carollo Engineers Project Manager

Lee Harms, Ph.D. Black & Veatch Water Quality 

Lisa Jackson Black & Veatch Treatment Technology Team Leader

Dan Meyer Black & Veatch Assistant Project Manager

Eric Dole Narasimhan Consult. Services Engineer

Ramesh Narasimhan Narasimhan Consult. Services Principal and Sampling Program

Mai-Lin Nguyen Arizona State University Grad. Student assisting Larry Baker

5.3 WQFG Meeting Program

Following an introduction of people and an introduction to the background to the project by
Mr. Jerry Russell, Mr. Vance Lee made a presentation on the water sources and
geographical elements of the CAP and Lake Pleasant relative to their impacts on the water
quality to be seen by the Lake Pleasant WTP. Mr. Lee also discussed the sources of existing
water quality and the sampling and testing program underway. Each of the experts then
made brief presentations on their areas of expertise. This completed the end of the first day.
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At the beginning of the second day, Mr. Russell reviewed the key points from the previous
session and stated the objectives of the WQFG Meeting which were:

• Define the representative water quality of the raw water at the intake to the Lake Pleasant
WTP.

• Where appropriate, define a range of water quality values.

• Set finished water quality goals.

Mr. Sanjay Reddy provided a description of the sampling protocol under the critical water
quality data acquisition program and a description of the methodology used to set the water
quality goals that had been distributed to the WQFG meeting participants. Dr. Gil Crozes
moderated a group discussion regarding regulatory issues and associated risk
assessments. Then Mr. Reddy and Mr. Russell conducted a facilitated voting process
whereby the five highest priorities relative to water quality issues were identified. These
were:

1. Trihalomethanes (THMs) and Haloacetic Acids (HAAs).
2. Bromate/Bromide.
3. Pathogens.
4. Taste and Odor.
5. Aesthetics (TDS).

A discussion of each of these critical issues resulted in the development of a comprehensive
list of associated key issues. Mr. Narasimhan concluded the meeting by discussing the
current and proposed sampling program.

5.4 WQFG Meeting Minutes and Summary 

Minutes of the Water Quality Focus Group meeting are included under a separate tab at the
end of this Technical Memorandum No. 1. From this meeting, the following key points and
Action Items were developed for each of the critical issues related to water quality for the
Lake Pleasant WTP.

5.4.1 Key Points for DBPs

The following key points worthy of further investigation were identified relating to DBP’s -
THMs and HAAs:

• Chloramines could be used with chlorine dioxide, even in hot climates.

• Speciation of bromide and DBPs should be understood.

• Focus on TOC removal, not necessarily using ozone to oxidize organics.

• Consider source control alternatives to reduce upstream TOC levels.

• Balance DBPs versus microbial inactivation.

• Source water characterization is important (is it practical?). Tests should include
molecular weight distribution/speciation and hydrophobicity.

• Consider TOC temporal and spatial variations including temperature and source
water quality.
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• Consider the impact of future regulations that may include single location maximums
within the distribution system. 

• Measure all nine species of HAAs to track the fate of bromide.

• Monitor travel time from Lake Pleasant to intake and to WTP.

• Treatability of raw water for minimization of THMs and HAAs.

• Study the changes of TOC speciation versus travel time in the distribution system.

• Study the DBPs in the distribution system as a function of travel time.

5.4.2 Key Points Relative to Bromate and Bromide

The following key points worthy of further investigation were identified relating to
bromate/bromide (assuming ozonation is utilized):

• Lower pH for primary control of formation but consider costs.

• Removal of bromate should be included in the treatment process.

• Study the temperature effects of bromate versus the CT (residual disinfectant
multiplied by the contact time) on the kinetics of formation (log inactivation).

• Consider bromide as a parameter to be measured.

• Consider ammonia addition and hydrogen peroxide addition during ozonation to
control bromate formation.

• Consider eliminating ozone due to cost and operational factors. 

• If Ozone is used, use hydrogen peroxide and/or GAC for post-treatment

5.4.3 Key Points Relative to Pathogens

The following key points worthy of further investigation were identified relating to pathogens:

Analytical procedures are in question particularly with respect to samples with high turbidity
readings.

• Must meet CT (microbial inactivation) at all costs.

• Are there any alternative treatment techniques for removal/inactivation of pathogens
available that lead to little or no DBPs? For each of these alternatives what are the
capital and O&M costs?

• What is the frequency of Cryptosporidium occurrences?

• Microsporidium is considered to be an emerging pathogen.

• Monitor for Cryptosporidium at all locations in the watershed to characterize the
source. Consider alternate intakes, if necessary.

• Consider characterization of particles (inorganic/organic) and background turbidity
levels.

• Need to monitor for algae especially in reference to membranes.

• What are the advantages and disadvantages of ozonation versus membranes?

• Use chlorine dioxide or ozone for disinfection.

• Establish source water protection.
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• Create multiple barriers.

• Establish firm criteria for log inactivations in the risk assessment portion of the study.

• Assess filter operations to ensure that start-up/backwashing is being performed
properly.

• Perform a "challenge study" (evaluation of treatment performance using pilot test
apparatus and spiked levels of raw water pathogens).

• Evaluate the treatment process to ensure that everything is working properly.

• Consider the recycle flow when monitoring the treatment process.

• Reduce AOC levels in recycle streams to influent levels.

5.4.4 Key Points Relative to Taste and Odors

The following key points worthy of further investigation were identified relating to taste and
odor:

• The taste and odor of the water must meet the customer's expectations..

• Keep MIB and Geosmin at or below the threshold value.

• Implement the Flavor Profile Analysis (FPA) process including consumers.

• Consider source control, flexibility and characteristics.

• What are the advantages and disadvantages of algae monitoring versus FPA?

• Always try to achieve an FPA goal of at least 2.

• Provide T&O treatment at the LPWTP (versus source control?)

• Monitor algae versus MIB and Geosmin on a temporal basis.

• Monitor for periphyton (blue-green algae) in the influent and effluent of the Lake
Pleasant WTP.

• Conduct FPAs at Union Hills WTP.

• Evaluate alternate taste and odor treatment options.

• Evaluate the taste and odor sources in the distribution system.
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5.4.5 Key Points Relative to Aesthetics (TDS)

The following key points worthy of further investigation were identified relating to aesthetics
(TDS):

• Consider partial blending for treated water.

• Balance final water quality goals with aesthetic goals.

• Keep in mind the big picture “salt balance” and associated cost analysis.

• What to do about brine disposal?

• Establish a panel to judge the water quality relative to its taste.

• Consider the use of membrane filtration for partial salt and microbial removal.

• Consider softening as an alternative to membrane filtration for TDS removal.

• Perform an operation and maintenance cost analysis for various levels of TDS
removal (400 mg/L to 650 mg/L).

• Consider the likelihood of corrosion when dealing with different methods of
desalination.

• TDS removal may be an important consideration in the design of the Lake Pleasant
WTP .

5.4.6 Action Items

The following action items were identified from the results of the WQFG meeting.

1. Update water quality goals listed in the briefing document for the following
parameters:

Perchlorate: 32 parts per billion (ppb)

Total trihalomethanes (THMs):80 ppb (single location maximum in Distribution
Systems which is a possible outcome from the future Stage 2 D/DBP rule)

Haloacectic acids (HAAs), sum of either five or six species (HAA5 or HAA6): 60 ppb
(single location maximum in Distribution Systems which is a possible outcome from
the future Stage 2 D/DBP rule). Regulations are currently for HAA5 and may include
HAA6 in the future. 

Bromate: Current goal of 0.010 milligrams per liter (mg/L) and a future goal of 0.005
mg/L

Chlorite: 0.8-1.0 mg/L

2. Consider the recycle stream water quality impacts during the preliminary process
assessments and pilot study phase.

3. Key water quality parameters for the Phase I Study should include characterization of
pathogens, total organic carbon (TOC), THMs and HAAs, assimilable organic carbon
(AOC), and algae. TOC profiling should be conducted using the following
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parameters: humic material content including specific ultraviolet absorbance (SUVA);
molecular weight distribution; and hydrophobic/hydrophylic fractions.

4. Per the consensus of the experts present, revise Table 3, Proposed Water Quality
Goals (Table 1.8 in this document) of the briefing document for those contaminants
where zero has been identified as the “most conservative regulation” value. These
values were based on current or proposed maximum contaminant level goals
(MCLGs).

5. Consider revising the term ‘most representative value” in Table 3 Proposed Water
Quality Goals (Table 1.8 in this document) to “representative value” or similar term.

6. Consider establishing a taste and odor panel using the FPA method at the Union
Hills WTP.

7. Develop preliminary estimates for incremental treatment costs associated with
removal of total dissolved solids (TDS) down to a level of 400 mg/L and brine
disposal. 

8. Include AOC in the critical water quality data acquisition program. However, it is
recognized that AOC is best determined after ozone treatment. NOM is converted by
ozone to organic species that are easily assimilated by bacteria as a food source. 
Hence, AOC is more important if ozonation is to be used as a unit treatment process.

9. Develop seasonally variant ranges for raw water quality parameters and
representative values.

10. For parameters such as temperature and dissolved oxygen (DO), the 10th percentile
values or a range of values should be used as the representative source water
quality value.

11. Attempts should be made to monitor the lake during special events where samples
are collected at the first flush during the first monsoon, or on major holidays (July 4th
and Memorial Day). Special event related monitoring should focus on pathogens and
TOC during special events and arsenic after the first monsoon.

12. For parameters such as total suspended solids, turbidity, TOC, alkalinity, 2-
methylisoborneol (MIB) and Geosmin, assess the impact of maximum values to
identify design criteria for extreme events.

13. Consider a pathogen monitoring strategy to identify the maximum concentration
which should be used to define removal/inactivation requirements respective to a risk
assessment. Consider performing a conceptual/theoretical risk assessment on the
Lake Pleasant watershed. Consider monitoring the watershed for taste and odor.
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6.0 WATER QUALITY GOALS

6.1 Regulatory Requirements

The federal guidelines, established by the U.S. Environmental Protection Agency (USEPA),
were originally detailed in the Safe Drinking Water Act (SDWA) of 1974. Since that time, a
series of amendments and rules have been promulgated. Rules such as the Total
Trihalomethanes Rule, the Lead and Copper Rule (LCR) and the Total Coliform Rule placed
limits on specific contaminants and pathogens, while the Surface Water Treatment Rule
(SWTR) established treatment and performance standards to provide a minimum reduction
of Giardia cysts and viruses. Finally, the Information Collection Rule (ICR) was promulgated
to establish a database on which future regulations may be based. The table in Appendix F
presents the primary maximum contaminant levels (MCLs), secondary MCLs and maximum
containment level goals (MCLGs) for each parameter. The Arizona primary MCLs have also
been included in Table F-1 (Appendix F) for reference. The primary and secondary MCL’s
are included in Table 1.4 for ease of use and comparisons to the water quality ranges.

The USEPA as a result of the latest SDWA Amendments will promulgate several new
regulations. These regulations are currently in several stages of development, however,
estimates can be made as to what will be established and the time frame under which new
regulations will be promulgated.

6.2 Critical Water Quality Issues

Critical water quality issues were identified by comparing the most representative water
quality range with current and proposed future regulations. In several cases potential future
regulations were unavailable since they are in the process of being developed. Since the
regulations were being developed, water quality experts at the WQFG meeting helped
identify a possible target for the future regulations. If the most representative water quality
range is below the current/future regulation then no action is required, however, if the most
representative water quality range is above the current/future regulation then that parameter
is a critical water quality issue. Based on the comparison between the most representative
water quality range with current and future regulations the following parameters were
identified as critical issues that need to be addressed in the subsequent pilot scale testing in
Phase II of the study:

• Hardness

• Turbidity

• Total Dissolved Solids

• Total Coliform

• Fecal Coliform

• Giardia lamblia

• Cryptosporidium

• Viruses

• Legionella
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• MIB

• Geosmin

• Flavor Profile Analysis

• Total Trihalomethanes

• Haloacetic acids

• Bromate (if ozonation is used)

• Residual Treatment

• Arsenic

• Manganese

• Sulfate

• Perchlorate

These parameters and others are listed in Table 1.8 below along with the MCL and most
representative water quality ranges. Parameters such as hardness, total dissolved solids,
and flavor profile analysis are aesthetic issues and are currently not regulated.

6.3 Water Quality Goals for the Lake Pleasant WTP

In the proposed water quality goal spreadsheet that was developed for the Water Quality
Focus Group, four items are presented for each of the parameters addressed. They are: (a)
EPA Maximum Contaminant Level, (b) Most Representative Water Quality Range, (c)
proposed project specific water quality goals, and (d) Treatment Technologies Focus Group
requirements.

EPA MCLs were obtained from the current regulations. The most representative water quality
range was calculated per the description in Section 4.5. The project specific water quality
goals were derived based on the discussions at the Water Quality Focus Group meeting. A
summary of the meeting is presented in earlier sections.

The Treatment Technology Focus Group (TTFG) requirements were flagged “Yes” or “No”
based on the following rationale. If the most representative water quality range is greater
than the proposed water quality goal then the column was flagged “Yes.” On the other hand,
if the most representative water quality range is less than the proposed water quality goal
then the column was flagged “No.” Items flagged with “Yes” indicators required the TTFG to
focus on developing unit processes to treat the most representative water quality range to
the level of the current/future regulatory requirements. All of the water quality parameters that
were flagged with “Yes” in the WQFG meeting are included in Table 1.8.  Water Quality
Goals were developed for these parameters to provide input for developing treatment
processes to be included in the Lake Pleasant WTP. Those parameters that were not flagged
with “Yes” are not included in Table 1.8.
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Table 1.8 Proposed Water Quality Goals
Lake Pleasant WTP Water Quality Testing Study - Phase I

Parameters
(mg/L unless otherwise noted)

EPA
MCL

Most
Representative

WQ Range

Proposed
Project Specific

WQ Goals(1)

GENERAL WATER QUALITY PARAMETERS

Hardness (as CaCo3) None 192-328 300

Oxidation Reduction Potential None 141-172 None

pH (units) None 8.1-8.9 6.5-8.5

Total Dissolved Solids None 623-711 500

Turbidity (NTU) None 0.35-100 0.1

MICROBIOLOGICAL - WATER

Total Coliform (#/ml) <5% in Dist. Syst. 24-1990 DS<2%

Fecal Coliform or E. Coli (#/ml) TT 1-26 DS<2%

Heterotrophic Plate Counts (cfu/ml) TT 236-3820 TT

PARASITES AND VIRUS

Giardia lamblia (cyst/100L) TT ND-10 Note (2)

Cryptosporidium (oocyst/100L) TT ND-20 Note (2)

Viruses (#/ml) TT NA Note (2)

Legionella (#/ml) TT NA Note (2)

TASTE AND ODOR

MIB (ng/L) None 2-36 5

Geosmin (ng/L) None ND-59 5

Algae Count (#/ml) None 847-2893 None

Algae Speciation (% genus) None 10-73.4% None

Chlorophyll/Pheophytin None 1.3-5.0 None

Threshold Odor Number None NA None

Flavor Profile Analysis (12 point scale) None NA 4

NUTRIENTS - WATER

Nitrite (as N) 1 ND 0.030 in DS

DISINFECTION BY-PRODUCTS PRECURSORS

Total Organic Carbon (TOC) - Water TT (% Removal) 2.7-3.9 15% Reduction

Dissolved Organic Carbon (DOC) - Water None 2.7-2.9 15% Reduction

UV 254 (CM-1) None 0.05-0.08 None

SUVA (L/mg-m) None 1.5-2.2 –

Bromide None 0.10-0.13 None

DISINFECTION BY-PRODUCTS Formation Potential

Trihalomethanes Formation Potential (ug/L) None 101-110 None

Haloacetic acids Formation Potential (ug/L) None 52-62 None

Assimilable Organic Carbon (ug/L) None NA None

DISINFECTION BY-PRODUCTS

Total Trihalomethanes 0.040 NA 0.040

Haloacetic acids (5) 0.030 NA 0.030

Bromate 0.010 NA 0.005

Chlorite 1.0 NA 0.8
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DISINFECTANTS (MRDLs/MRDLGs)

Chlorine 4.0 NA 4.0

Chloramines 4.0 NA 4.0

Chlorine dioxide 0.8 NA 0.8

RESIDUALS IN RECYCLE FLOWS

Suspended Solids None NA Note (3)

Turbidity (NTU) None NA Note (3)

Giardia lamblia (cyst/100L) None NA Note (3)

Cryptospordium (oocyst/100L) None NA Note (3)

Total Organic Carbon (TOC)-water None NA Note (3)

Total Trihalomethanes None NA Note (3)

Haloacetic acids (5) None NA Note (3)

Particle Counts None NA Note (3)

Recycle Flow None NA Note (4)

INORGANIC ANALYSIS - WATER

Aluminum None NA 0.05-0.02

Arsenic 0.010 ND-0.0054 0.005

Lead TT ND-0.00072 PS

Manganese None 0.007-0.050 0.05

Sulfate 500 219-294 250

Zinc None NA 5

PERCHLORATE

Perchlorate None ND-0.0077 0.032

Legend: TT–Treatment Technique; PS–Performance Standard; DS–Distribution System; NA–No Data
Available; ND–Not Detected

Note (1) The proposed Project Specific WQ Goals were developed at the WQFG Meeting.
Note (2) >2 log physical removal and 1 log inactivations.
Note (3) Maintain concentrations less than 10% of influent concentration.
Note (4) Maximum 10% of influent flow.

7.0 CONTINUED SAMPLING PROGRAM

The supplemental program that was instituted for the Phase I effort provided valuable
information to add to the body of knowledge concerning water quality in the CAP canal.
However, due to the short time frame of Phase I, this additional data could not address the
full range of water quality issues that could be expected to be encountered for the proposed
Lake Pleasant WTP. To provide the best opportunity to see what water quality issues that
may be encountered across all of the seasons of the year, it is recommended that the
supplemental sampling and testing program that was instituted in the Phase I effort be
extended through the Phase II effort. However, it is not felt that the frequency of samples that
occurred during Phase I (approximately every two weeks) would be necessary during
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Phase II. With the additional testing that will occur with the process evaluation with the pilot
plants, a once a month sampling and testing program for the supplemental water quality
testing should be adequate. 

It is likely that pilot plants will be operated in the vicinity of the proposed intake pump station
to the Lake Pleasant WTP and at the Union Hills WTP. With these facilities it will be possible
to monitor water quality continuously with on-line instruments and to take daily composite
samples for laboratory testing. As a result, there would be no need to perform any separate
monthly sampling at these locations. It would be useful to continue to take water samples at
two of the locations used for the additional sampling program, the 163rd Avenue bridge over
the CAP canal and in Lake Pleasant near the inlet/outlet gates. The samples taken from the
163rd Avenue bridge over the CAP canal would be representative of only CAP water derived
from Lake Havasu. During releases from Lake Pleasant into the Waddell Canal, the water
quality at the pilot plant facility in the vicinity of the proposed intake pump station would be
representative of the water in Lake Pleasant at a level equal to the centerline of the lower
inlet/outlet gate. As mentioned previously, to minimize taste and odor concerns from algae-
laden water in the upper reaches of Lake Pleasant, the CAWCD has been releasing water
from Lake Pleasant to the Waddell Canal through the lower gates of the inlet/outlet towers.
Hence, samples from Lake Pleasant would need to be taken only from a level at the
centerline of the upper inlet/outlet gate. The samples taken in the upper level would provide
an indication of the water quality that could be encountered if the CAWCD were to release
water from the upper gates and may reflect higher algal counts due to an environment
(sunlight penetration) that is conducive to algal growth. It is recommended, then, that the
additional sampling program be extended during the Phase II of the study on a monthly
basis at the two locations discussed above. During the summer months from June through
September, the sampling period from the upper level in Lake Pleasant should be increased
to weekly with tests for Algae, TOC, MIB and Geosmin to assess taste and odor concerns.
The parameters tested during Phase I as indicated in the protocol in Appendix E and
discussed in Section 3 are recommended to be continued in Phase II. It is recommended,
however, that VOC and SOC tests would be performed only on a once every three month
basis. In addition to these parameters, it is recommended that the NOM fractionation also be
performed to assist in evaluating the types and ranges of NOM that can be encountered in
the various water sources at different times of the year.

8.0 PREVIOUS STUDIES

In order to meet the Water Quality Goals described in Section 6.0, several treatment
processes or combination of processes (treatment trains) are available. Each treatment train
provides a varying degree of treatment for each of the water quality goals. While it would be
scientifically thorough to evaluate every treatment train, it is impractical to evaluate all of the
treatment trains and their impacts on the water quality goals within acceptable schedules
and reasonable budget constraints. To assist in focusing the pilot plant effort in Phase II, it is
valuable to review the previous studies that have been conducted on the Colorado River
water and should not be repeated in the Phase II Study Effort.
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8.1 Description of Previous Studies

Multiple studies have been performed to evaluate the effectiveness of various treatment
trains for treating the Colorado River water. The studies that were conducted can be broadly
associated with four entities. They are: Metropolitan Water District of Southern California,
Southern Nevada Water Agency, the City of Tucson, Arizona, and the City of Phoenix,
Arizona.

8.2 Bibliography of Reports

8.2.1 Metropolitan Water District of Southern California

A set of technical papers which are relevant to the Lake Pleasant WTP pilot plant study have
been collected from the American Water Works Association (AWWA) Journal, Annual AWWA
Conference Proceedings and the AWWA Water Quality Technology Conference proceedings.
These papers are listed in Appendix G.

8.2.2 Southern Nevada Water Authority

There are two reports that were performed for the Southern Nevada Water Authority
investigating treatment options, particularly the use of Ozone for water withdrawing from
Lake Mead on the Colorado River. These reports are as follows:

• Alfred Merritt Smith Water Treatment Facility Pilot Study Report. 

• Southern Nevada Water Authority: Treatment and Transmission Facility Pilot Study
Report.

8.2.3 City of Tucson, Tucson Water

In preparation for treating water from the Central Arizona Project, the City of Tucson funded a
study to evaluate various treatment processes in a pilot plant effort. This effort is summarized
in the “Central Arizona Project Water Treatment Plant Design Report (Volume 4, Pilot plant
Report).” 

8.2.4 City of Phoenix, Arizona

In 1988, the City of Phoenix conducted an extensive pilot study at the Union Hills WTP. The
study investigated the impacts of future drinking water standards on the performance of the
existing treatment processes. The primary focus of the study was to evaluate the impact of
ozone on filter performance. The study is summarized in the report titled “Union Hills Water
Treatment Plant Water Quality Enhancement Study”.

8.3 Conclusion from Previous Studies

8.3.1 Metropolitan Water Works of Southern California

• Source water control was beneficial for minimizing algal bloom problems.

• Copper sulfate was an effective tool for controlling T&O producing algae.
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• Cryptosporidium cyst concentration was at its highest levels during the first storm
event of the season.

• Aldehydes and ketones were formed during ozonation.

• Atrazine and simazine were removed during ozonation.

• DBPs formed by ozone followed by chlorine and chloramine are lower in concentration
than for those formed using chlorine or chloramine alone. (Bromate formation was not
considered in these studies.)

• Biological removal of DBPs was reduced by chlorination ahead of the filters.

• A combination of ozone and hydrogen peroxide reduced T&O by 90 percent.

• GAC filters were superior to anthracite filters in reducing aldehydes and AOC at filter
loading rates of 9 gpm/sf.

• Bromate was formed during ozonation of Colorado River water.

• Effective removal of particles was achieved utilizing 20-60 mg/L of alum.

• Optimal removal of THM precursors occurred at a pH of 5.5.

• 90 percent of particles in the Colorado River ranged in sizes between 2-4 µm.

• THM precursor removal by coagulation decreased as specific UV absorbance (SUVA)
values decreased.

• Ozone, PEROZONE, enhanced coagulation and GAC were ineffective in removing
perchlorate. Only membrane technology was effective in removing perchlorate.

• GAC was effective in treating Colorado River water to meet future DBP regulations. An
EBCT of 20 minutes was required to meet 40 Fg/L THM and 30 Fg/L HAA
requirements.

• Rapid small scale column tests (RSSCTs) simulated pilot results.

• Cryptosporidium was present in recycle streams.

• Conventional treatment (rapid mix/coagulation/sedimentation) was required to remove
cysts.

• Cyst removal inversely correlated with filter loading rates.

• UV research work focused primarily on California State Project Water (not on Colorado
River water), however results were promising.

8.3.2 Southern Nevada Water Authority: Alfred Merritt Smith Water Treatment Facility
Pilot Study Report

• Filters using anthracite, sand, and garnet can be operated between 6-7 gpm/sf and
still meet an effluent quality of 20 particles/mL (2-150 micron size range).

• An ozone to TOC ratio of 0.4 to 0.8 was adequate to aid in coagulation and filtration of
floc particles.

• Ozone doses between 1.9 to 2.5 mg/L were required to meet 1-log of cryptosporidium
inactivation.

• Bromate formation consistently exceeded 10 Fg/L utilizing ozone dose between 1.0
and 2.0 mg/L.

• Biologically active anthracite media with ozone pretreatment can easily meet 80 Fg/L
THMs and 60 Fg/L HAAs requirements with chlorine as the post disinfectant.
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• Biological activity in the anthracite filters reduced AOC levels to concentrations below
50 Fg/L.

• Granular activated carbon (GAC) post-filters with 20-minutes EBCT are required to
meet the future 40 Fg/L THMs and 30 Fg/L HAAs requirements with chlorine as the
post-disinfectant.

8.3.3 Southern Nevada Water Authority: Treatment and Transmission Facility Pilot
Study Report

• Enhanced coagulation consistently provided 2.5 to 3 log cryptosporidium size particle
removal.

• Coagulant (Ferric Chloride) doses of 80 mg/L were required to achieve these
cryptosporidium size particle removals. (Ferric chloride thought to be a more effective
coagulant than alum at this facility.)

• Deep bed (7 feet) mono or dual media GAC or anthracite filters provided effluent
containing less than 10 particles/ml at a 10 gpm/sf loading rate.

• Ozone doses between 2.5 to 3 mg/L of were required to achieve 2-log of
cryptosporidium inactivation.

• Bromate formation should be addressed during design.

• Arsenic could be a problem but ferric chloride could be dosed effectively to reduce
concentration to concentrations below current regulatory limits.

• GAC post-contactors with an EBCT of 20 minutes were required to meet 40 Fg/L
THMs and 30 Fg/L HAAs regulation with chlorine as post-disinfectant.

8.3.4 City of Tucson: Central Arizona Project Water Treatment Plant Design Report

• 95 percent of the time, the raw water turbidity was less than 1.0 NTU during the pilot-
testing phase. The highest recorded turbidity value was 4.8 NTU.

• TOC ranged between 3.3 to 6.4 mg/L. Coagulant demand increased at higher TOC
concentrations.

• High TOC concentrations were encountered during canal shutdown and subsequent
algae bloom.

• Algae counts as high as 14,000 cells/ml were encountered during the pilot study.

• High Rate Conventional Filtration (HRCF) and Direct Filtration (DF) pilot plants
produced similar results.

• Addition of ozone improved finished water quality and minimized coagulant doses for
both HRCF and DF facilities. Approximately 1.5 mg/L of ozone reduced coagulant
dose by 4-5 mg/L.

• Compared with non-ozonated water, ozone oxidation reduced finished water particle
counts by a factor of 5 to 10.
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• The best filter results were obtained utilizing deep bed (6 ft) mono media anthracite
filters. Finished water turbidities of less than 0.2 NTUs consistently achieved up to 10
gpm/sf loading rate.

• Cryptosporidium oocysts were detected in the Union Hills WTP backwash water return
flows. (Pilot plant was located at the Phoenix Union Hills WTP on the CAP Canal.)

• THMFP test indicated that the sum total of bromoform and dibromochloromethane was
typical between 10 to 20 percent of the total THMs.

• THMFP test on the Bill Williams River water showed that the sum total of bromoform
and dibromochloromethane was between 40 to 60 percent of the total THMs.

8.3.5 City of Phoenix: Union Hills Water Treatment Plant Water Quality Enhancement
Study Report

• Raw water quality was generally stable during the seven-month pilot study, however,
variations in the raw water quality well above the average were observed during the
months of July through September.

• Ozone lowered the sensitivity of downstream processes to fluctuations in raw water
quality.

• Addition of ozone improved filter performance regardless of filter type, depth, media
size or filtration rate.

• Filter backwash water from ozonated water contained 1 to 2 log higher Heterotrophic
Plate Counts (HPC) than non-ozonated filter backwash water.

• Approximately 20 percent more reduction in HPC levels was observed in the finished
water using ozone and chlorine/chloramines instead of chlorine alone.

• Ozone treatment achieved 5-log removal of coliphages as compared to 1-log
reduction in non-ozonated treatment schemes.

• Ozonation increased raw water AOC by 400 percent. Biologically activate filters would
be necessary to minimize AOC in the finished water.

• Primary disinfection with ozone and post disinfection with chloramines produced the
lowest concentrations of THMs in the finished water.

• Ozonation increased the THMFP of the raw water. Brominated THMs increased from
3.5 percent without ozonation to 9 percent with ozonation.

• Minimal variation in finished water quality was observed between mono media filters at
media depths of 4 and 5 feet. Performance of the filters did not change with the
addition of ozone.

• Finished water turbidities deteriorated as filter loading rates were increased from
6 gpm/sf to 12 gpm/sf. The percent deterioration in finished water turbidities were
slightly better for ozonated (33 percent) than the non-ozonated (44 percent) water.
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8.4 Conclusions from Review of Previous Study Work

8.4.1 Work that can be used without New Testing

Much of the work conducted at other agencies using Colorado River water can be used to
provide a general direction for the Stage II Study and also to minimize the amount of testing
required. While some testing can be minimized, direct comparisons in pilot plant results
should not be made without understanding all of the impacts. For example, the Alfred Merritt
Smith (AMS) WTF typically encounters raw water turbidity spikes of only 3 NTU, which is the
average raw water turbidity at the Union Hills WTP. The primary reason for the low turbidity
at AMS WTF is due to large residence time in Lake Mead, which acts as a very large clarifier.
In addition, the proximity of the Bill Williams River to the CAP intake pump station is also
responsible for certain unique conditions typical of the CAP canal serving Arizona utilities.
However, the following conclusions can be used from previous pilot plant efforts on Colorado
River water.

• Copper sulfate has been proven to be an effective technique for controlling algae in
large storage reservoirs and therefore does not require further testing. Even though
source water control is currently not being considered, it should not be eliminated as
an option.

• Ozonation produces aldehydes and ketones in all Colorado River waters. Knowing
this, it is not necessary to test for aldehydes and ketones in daily samples. Weekly or
even monthly sampling and testing for aldehydes and ketones would probably be
adequate.

• Addition of chlorine upstream of the filters impacts biological activity on the filters and
is generally not preferred and therefore should not be used.

• Filter loading rates up to 10 gpm/sf have been successfully achieved. This could be
used as a base to evaluate higher filter loading rates such as 12 or 15 gpm/sf.

• Deep bed mono media greater than 6 feet in depth has produced water quality with
low particle counts and turbidity. Deep bed filters should be evaluated in lieu of
shallow dual media filters.

• Ferric chloride generally preforms better than alum in Colorado River water over a
variety of water quality conditions. Alum could be eliminated from further testing.

• Anthracite generally performed poorly compared to GAC while minimizing the AOC of
the finished water. Anthracite filters do not need to be evaluated to study removal of
AOC or other biodegradation issues for those treatment trains using pre-ozonation.

• Post GAC contactors with 20 minutes EBCT is required to meet the 40/30 THM/HAA
requirements. If multiple contact times are evaluated, the smallest EBCT should be at
least 15 minutes.

• Bench scale Rapid Small-Scale Column Tests (RSSCTs) can be used to evaluate the
performance of GAC in lieu of the pilot-scale facilities.
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• Ozone doses between 2 and 3 mg/L are required for 2-log cryptosporidium
inactivation.

• Ferric chloride and alum are able to minimize arsenic levels to those required by future
regulatory requirements (5 Fg/L). Recent studies have shown that ferric chloride
performed better than alum for arsenic removal by microfiltration (MF) and ultra-
filtration (UF) membrane treatment. Except for occasional tests, arsenic removal need
not be extensively tested.

• High Rate Conventional Treatment consistently produced water quality similar to Direct
Filtration. Except as a base line test, all direct filtration treatment trains could be
eliminated.

• Addition of hydrogen peroxide with ozone treatment consistently reduced T&O and
further testing is unnecessary.

• GAC, ozone, PEROXZONE, enhanced coagulation and MF/UF membrane performed
poorly as treatment techniques for removing perchlorate. Nanofiltration and reverse
osmosis performed well for controlling perchlorates and do not require additional
testing.

8.4.2 Additional work to be performed in the Phase II Study

Some of the issues addressed in previous pilot studies are incomplete and require
additional work. Those issues relevant to this study are presented below.

• Formation of bromate during ozonation has been an issue at all pilot plants. However,
methods to mitigate the formation of bromate have not been evaluated. For treatment
train using ozone, tests should be undertaken to study the impact of transferred ozone
dose on the formation of bromate. CT tests for inactivating cryptosporidium should
also be evaluated in conjunction with these tests.

• Conventional treatment train was required for minimizing cryptosporidium size
particles in the backwash recycle stream. Additional testing is required to study the
impact of high rate treatment facilities and other treatment constraints such as settling
velocities, coagulant dose, polymer dose, G values, etc.

• Enhanced coagulation tests provide approximately 2.5 to 3 log cryptosporidium
removal. These tests should be verified under several raw water conditions.

• Extreme rain events in the Bill Williams Water shed cause unusual turbidity spikes in
the raw water condition. Since none of the pilot plants treated water with turbidity
greater than 5 NTU, turbidity stress test should be planned to evaluate the impact of
these extreme events.

• In addition to posing treatability problems, the Bill William River water is high in
bromide concentration. High bromide concentration generally tends to form bromates
upon ozonation and higher fractions of brominated THMs. Bench-scale tests should
be conducted on raw water samples collected from the Bill Williams River after a storm
event.
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9.0 CONCLUSIONS AND RECOMMENDATIONS

9.1 Conclusions

The research performed in this study has shown that there is a great deal of water quality
data that has been developed for the water sources that make up the water in the CAP
canal.  However, there is limited data available that is applicable to the issues that will affect
the Lake Pleasant WTP. Also, there is a good deal of water quality data available at the water
treatment plants along the CAP canal but most of the data was not collected with the
appropriate or current detection limits. Further, most of the existing data was generated
under varying degrees of analytical precision which is less than that currently being
measured and regulated. Continuation of the supplemental sampling program throughout
the Phase II study and instituting a daily sampling program in the pilot plants, will provide
additional data which can be used to assess critical issues relative to treatability of the water.

9.1.1 Issues and DBPs

The major issues relative to water quality which were identified during this study, are those
relating to: 1) Disinfection By-products (DBPs - THMs and HAAs); 2) bromates if ozone is
included in the treatment processes; 3) pathogens; 4) taste and odors (T&O); and 5)
aesthetics (TDS) of the finished water. For DBP control, alternative disinfectants need to be
considered. Ozone addition may not be a solution for TOC reduction and may create
problems with meeting anticipated future bromate MCLs. Use of TOC profiling/ fractionation
will aid in understanding the various components that make up the range of TOC occurring
in the raw water. This understanding will help to assess the potential effectiveness of
treatment processes being evaluated to reduce TOC and minimize the formation of DBPs at
the Lake Pleasant WTP. In addition, it will be important to understand the amount of time that
the finished water will be in the distribution system from the Lake Pleasant WTP to the
current service area, and the impact that this travel time will have on the final levels of DBPs
that will occur at the consumer's tap.

9.1.2 Pathogens

For pathogens, the identification of the normal concentrations of Cryptosporidium occurring
in the raw water will be critical to ensure that adequate log removal/inactivation is included in
evaluating candidate treatment processes. A risk analysis would be useful in determining the
level of removal/inactivation that must be provided.   Consideration must also be given to
emerging disinfectants such as UV, ozone and chlorine dioxide for control of
Cryptosporidium in the finished water. Microsporidium was identified as an emerging
pathogen that needs to be monitored in the Lake Pleasant water.   It may be necessary to
perform a challenge study to show the effectiveness of treatments processes to remove or
inactivate Giardia, Cryptosporidium, Microsporidium, and to meet anticipated future
regulations relative to these pathogens. A need to assess the impacts of recycle flows on
pathogen control was identified as an element that must be addressed in the Phase II study.
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9.1.3 Taste and Odor, Aesthetics and Algae

Implementation of a Flavor Profile Analysis program was recommended to assess Taste and
Odor and TDS issues. A Flavor Profile Analysis can sometimes help in assess the causes of
T&O, the means to control T&O events and the levels of TDS that will be necessary to meet
expectations of water consumers. It was felt that the source of the large majority of T&O
events came from algae and probably more from algae growing along the CAP canal side
walls than from those occurring in Lake Pleasant. Control of algae growth both in the CAP
canal and in Lake Pleasant will be important in minimizing T&O events. In addition, algae
can be a source of operational problems if membranes are going to be considered as a
treatment process. Because of large mass of algae, pretreatment processes may be
necessary if membranes are to be used. The treatment processes evaluated in Stage II
need to include consideration of TDS removal to improve the aesthetics of the water.

9.2 Recommendations

The following are some of the key action items that came from the Water Quality Focus
Group and can be considered as recommendations for the Phase II Study:

1. Consider the recycle stream water quality impacts during the preliminary process
assessments and pilot study phase.

2. Key water quality parameters for the Phase II Study should include characterization of
pathogens, total organic carbon (TOC), THMs and HAAs, assimilable organic carbon
(AOC), and algae. TOC profiling should be conducted using the following parameters:
humic material content including specific ultraviolet absorbance (SUVA); molecular
weight distribution; and hydrophobic/hydrophilic fractions.

3. Establish a taste and odor panel using the flavor profile analysis (FPA) method at the
Union Hills WTP.

4. Develop preliminary estimates for incremental treatment costs associated with
removal of total dissolved solids (TDS) down to a level of 400 mg/L and brine
disposal. 

5. Include AOC in the critical water quality data acquisition program. However, it is
recognized that AOC is best determined after ozone treatment.

6. Develop seasonally variant ranges for raw water quality parameters and
representative values.

7. Attempts should be made to monitor Lake Pleasant during special events where
samples are collected at the first flush during the first monsoon, or on major holidays.
Special event related monitoring should focus on pathogens and TOC after holiday
weekends and arsenic concentrations after the first monsoon storm.
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8. For parameters such as total suspended solids, turbidity, TOC, alkalinity, 2-
methylisoborneol (MIB) and Geosmin, assess the maximum values to identify design
criteria for extreme events.

9. Implement a pathogen monitoring strategy to identify the maximum concentration
which should be used to define removal/inactivation requirements respective to a risk
assessment.

10. Consider performing a conceptual/theoretical risk assessment on the Lake Pleasant
watershed.

11. Consider monitoring the watershed for taste and odor.


