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SECTION 1
INTRODUCTION

STUDY PURPOSE

San Lorenzo Valley Water District (District) retains an existing allotment to a
portion of the raw-water yield from Loch Lomond Reservoir. The purpose of this study
1s to investigate the utilization of this water source to improve, increase and enhance
water supply reliability in the District’s service area. Additional supply would be
especially beneficial in the District’s Southern Service Area where groundwater is the
sole source for water supply. The District’s Water Supply Master Plan (May, 2008)
prepared by Nicholas M. Johnson, Water Resources Consultant, recommended that the
District exercise its allocation from Loch Lomond to avoid overproduction from existing
ground water sources and as a contributed supplemental water source.

The District retains a historical allocation of 313 acre feet per year of raw water
from Loch Lomond Reservoir owned and operated by the City of Santa Cruz. This
allocation permits the District to purchase and utilize raw water on a year around basis
for treatment in District owned and operated facilities. Optionally in lieu of the District’s
allotment to purchase and treat raw water, the District has discussed the potential to
purchase treated water from the City of Santa Cruz; however, the availability of treated
water would be restricted to the period of the year the City uses Loch Lomond water and
subject to curtailment during periods of drought.

STUDY GOAL

The goal of this study is to examine the technical feasibility and establish the
costs of developing for comparative purposes, the two alternative plans for utilizing the
District’s Loch Lomond Reservoir allotment. The costs will be used to guide the District
in selection of an appropriate plan to incorporate this source into future improvements to
the District’s water supply facilities. Such additional source capacity will better enable
the District to withstand water shortages (caused by drought) or interruptions in supply
from the District’s current sources. Insuring system reliability is a major consideration in
advocating the need for additional water supplies for the District.



SECTION 2
BACKGROUND INFORMATION

HISTORICAL BACKGROUND

In 1958 the District sold approximately 2,500 acres of property in the vicinity of
the Newell Creek watershed to the City of Santa Cruz. As a condition to said sale, the
District obtained a water service agreement to purchase up to 500 acre-feet per year
(AF/yr) of raw water at a price to be determined by the City of Santa Cruz as the actual
cost of production and transmission of water along Santa Cruz’s Newell Creek pipeline to
the point of diversion by the District. The purchase agreement maximum of 500 AF/yr
was approximately 12.5% of the oniginal estimated annual safe yield from a future
Newell Creek reservoir. This percentage was roughly equivalent to the portion of the
reservoir project area owned by the District.

The City of Santa Cruz created Loch Lomond Reservoir with completion of the
Newell Creek Dam in 1960. Based on the 1958 agreement, the District began receiving
deliveries of Loch Lomond water from the City in 1963. In 1965 the District constructed
the Glen Arbor Treatment Plant for treating its Loch Lomond deliveries.

Toward the end of the 1976-77 drought, the City stipulated that the District was
not entitled to an allocation of 500 AF/yr, merely 12.5% of the safe yield. This decision,
based on a reduction to the estimated annual safe from the Newell Creek Reservoir,
reduced the Districts contractual allocation. This determination lead to several years of
water disputes between the City and the District. On June 7, 1977, the District filed a
Complaint for Declaratory Relief, which requested the Court to make a judicial
determination of the respective parties’ duties and rights. In June 1980 a court order
fixed the estimated annual safe yield from Newell Creek Reservoir at reduced quantity,
which resulted in a reduction to the District’s contractual allocation. The District can
currently purchase up to 313 AF/yr.

At one time, the District owned and operated a small water filtration facility
known as the Glen Arbor Water Treatment Plant that treated water from Loch Lomond
Reservoir. This plant which was obsolete, and of limited capacity, was decommissioned
and dismantled in 1998 and the property which had insufficient space for a new treatment
plant was sold by the District in 2001. In 1981 the District acquired and developed an
alternative ground water supply source {Olympic well field) and ceased utilization of
Loch Lomond water. Currently, the District has no other infrastructure to treat and
deliver Loch Lomond water in compliance with current federal standards.

LOCH LOMOND RESERVOIR SOURCE ALLOTMENT

The District is entitled to purchase 313 acre-ft per year available on a year-around
24/7 schedule if taken as raw water from the Loch Lomond reservoir pipeline. According
to City staff, diversion of 313 AF/yr at the annual average rate of 300,000 gpd (208 gpm)
would present no pipeline operating difficulties. It is anticipated that diversions from the



pipeline of up to 0.5 million gpd (350 gpm instantaneous flow) could be tolerated without
impacting supply availability to the Graham Hill WTP. Optionally, treated water
purchased from the City of Santa Cruz’s Graham Hill plant would only be available when
the treatment plant is processing water from the reservoir. In contrast, utilization of
treated water from the City would be subject to curtailment pursuant to drought
restrictions with less of the allotment being available for District use, depending upon the
drought severity.

SUPPLY AND TREATMENT CONSIDERATIONS

Raw water obtained along the Newell Creek pipeline to the City of Santa Cruz’s
Graham Hill Water Treatment Plant would require treatment prior to introduction into the
District’s system. Raw water is always available from the pipeline upstream of the City’s
Graham Hill pump station located at the intersection of Graham Hill Road and East
Zayante Road in Felton or downstream during times Loch Lomond is being utilized as a
source of supply for the City. Further, the pipeline downstream of the City’s Graham
Hill WTP is out of service during the time of the year (generally December through
June), when the City does not utilize Loch Lomond Reservoir water. Access to the
Newell Creek Pipeline for raw water must thus be in the vicinity of Felton and ideally
places a possible pipeline connection in close proximity to the District’s Kirby Street
Water Treatment plant. The Kirby street plant has the available capacity and the
necessary infrastructure to accommeodate any improvements that may be needed to
process additional raw water up to the annual 313 acre-feet allotment from Loch Lomond
Reservoir. Based upon the advantages associated with utilization of the District’s Kirby
Street facility, the technical feasibility of expanding and using these facilities was
evaluated in this study.

Table 1 provides a summary of peak production months over 10 years of record.
Water production records for the Felton plant, indicate that July and August are generally
the peak production months for the facilities. The greatest monthly production occurred
in July of 2000 at 18,372,000 gallons amounting to an average daily production of
593,000 gallons. More recently, peak production requirements have dropped registering
11,110,715 gallons in 2009. A review of plant production data indicates that the 1 mgd
capacity Felton Water Treatment plant appears to have reserve capacity to process
additional water supply. Operating the facilities at full design capacity of 1,000,000 gpd
would produce an additional 407,000 gallons per day. This presumption assumes that
there are no limitations, which could be caused by source water quality characteristics on
operating the plant up to the full “name plate™ capacity of 1 mgd.

It should be noted that the 313 acre-ft of Loch Lomond Reservoir allotment
represents approximately 14% of the District’s total annual production. Having this
additional water supply available will greatly enhance the District’s overall water supply
reliability, and could be particularly important in the Southern Distribution System.



TABLE 1
Felton Plant Production’
Peak Demand Month
San Lorenzo Valley Water District

Water Source Production,

Gallons

Year | Peak | Fall Creek Bull Bennett | Production Felton Percentage

Month Springs Springs Felton System Fall Creek

WTP? Total Of Total
Production® | Production, %

2009 Jul 8,635,000 1,602,800 872,915 11,110,715 11,110,715 78
2008 | Jun 6,590,830 3,300,500 | 2,455,553 | 12,346,883 12,346,883 53
2007 | Aug | 9,577,741 1,867,700 | 7,349,300 | 14,186,000 14,476,747 66
2006 | July 8,524,830 4,391,400 | 6,130,800 16,841,000 17,156,272 50
2005 | July | 6,809,831 4,628,700 |6,004,944 | 16,178,000 16,533,841 41
2004 | Aug | 10,749,290 | 1,190,500 | 3,295,688 | 16,300,000 16,666,549 64
2003 | July 11,339,270 2,628,500 3,440,052 17,942,000 18,299,619 62
2002 | July | 9,858,560 4,148,100 | 4,113,252 { 18,006,000 18,282,386 54
2001 | June | 10,881,260 3,837,500 | 3,683,152 18,336,496 18,627,992 60
2000 | July | 7,855,840 5,049,300 | 6,154,936 | 18,372,000 18,647,713 42

! Total Production of Felton (Kirby Street) plant at peak demand month of the year. Includes processing of

water from Fall Creek, Bennett Springs and Bull Springs.

? Actual net treated water production pumped into distribution system. Excludes water discharged from
plant as treated backwash water.

* Total includes ground water not treated on Felton plant and unaccounted water due to metering

discrepancies.




FALL CREEK SUPPLY DIVERSION LIMITATIONS

Water is diverted from Fall Creek into the Felton Water Treatment Plant under a
permit (No 20123) issued from the Division of Water Rights of the State of California
Water Resources Control Board. This permut states that water may be appropriated for
municipal use up to a flow not exceeding 1.7 cubic feet per second from January 1 to
December 31 of each year and may not exceed 1,059 acre-feet per year. Further
restrictions limit the diversion by requiring that bypass flows in Fall Creek comply with
the following under a normal rain fall year:

Time of Year Bypass Flow
April 1 through October 31 1.0 cfs (450 gpm)
November 1 through March 31 1.5 cfs (675 gpm)
During a dry year the bypass flow in Fall Creek can be reduced to:
Time of Year Bypass Flow
April 1 through October 31 0.5 cfs (225 gpm)
November 1 through March 31 0.75 cfs (338 gpm)

A dry year is one in which cumulative monthty runoff in the San Lorenzo River at
the US Geological Survey gage at Big Trees is less than the amounts shown in the
following schedule:

November 1 for the month of October ...... 500 acre-feet
December 1 for October and November..... 1,500 acre-feet
January 1 for October through December... 5,000 acre-feet
February 1 for October through January..... 12,500 acre-feet
March 1 for October through February...... 26,500 acre-feet

Further, the permit stipulates that when flow in the San Lorenzo River below the
Felton Diversion Weir drops below the following amounts for the months listed, that no
water may be diverted from Fall Creek to supply the Felton System. The District has
installed a flow-measuring weir at the Fall Creek Water Treatment Plant intake and
monitors flows in Fall Creek on a daily basis.

a. September — 10 cfs
b. October — 25 cfs
c. November through May 31 — 20 cfs

EXISTING FELTON WATER TREATMENT FACILITIES

The Felton WTP utilizes a two-stage filtration process in treatment units provided
by Siemens Water Technologies marketed as the Trimite Package Plant product line. The
Plant has two TM-350 units each rated at 350 gpm or 0.5 million gallons per day. With
both units operating the total plant capacity is 700 gpm or 1 mgd. This “name plate”
capacity is established by a nominal filtration rate of 5 gpm per square foot on the Trimite




plant filter units. The maximum permitted filtration rate established by the Department
of Public Health (DPH) is 6 gpm per square foot that translates into a TM-350 hydraulic
capacity of 420 gpm. Under these conditions the total output capacity of the treatment
plant would increase to 1.2 mgd. As a point of interest, it is possible to receive a greater
hydraulic rating for a Trimite plant to be gained through a demonstration study approved
by DPH thus potentially offering the option of even greater production from this facility.
However, the two-stage filtration process employed in the TM-350 units has limitations
with respect to the level of turbidity in the raw water and the associated chemical
coagulant dosage needed for proper treatment. This process limitation could reduce the
usable capacity of the plant during winter rainy season.

As discussed in more detail in the following section, Loch Lomond water quality
presents some treatment challenges not related specifically to turbidity, as is the case with
the District’s current raw water supply from Fall Creek and Bennett Springs. Both of
these sources are low in organic contaminants, most apparent in the absence of significant
color, and only experience occasional high turbidity associated with rainfall events.
However, Loch Lomond Reservoir has organic contaminants and experiences frequent
algae blooms that impart taste and odor to the filtered water requiring the City of Santa
Cruz to use activated carbon and potassium permanganate for removal of these
contaminants in the Graham Hill Water Treatment plant. Although the existing Felton
plant can effectively remove low levels of organic contaminants through use of relatively
low dosages of powdered activated carbon, there is some uncertainty that it could
effectively and efficiently process undiluted Loch Lomond Reservoir water, especially
during late summer months. To overcome these potential difficulties, blending of the
lower quality Loch Lomond water with higher quality Fall Creek water would be
required to enable the Felton plant to meet current drinking water quality standards as
well as more stringent District quality goals without installing specialized additional
processes for removing organic contaminants.

To date, treatment experience with the two-stage filtration process on Fall Creek
water has been good; however, the plant is operated considerably below design capacity
much of the time, especially during winter months. There is some concem that these
units would not be able to efficiently treat a high percentage blend of Loch Lomond
water with water from Fall Creek, especially during summer months when organics
levels in Loch Lomond are high. This limitation would be of particular concern at the
greater flows when treating a higher percentage of Loch Lomond Reservoir water in the
existing Felton plant. Under these circumstances, supplementary pre-treatment such as
the MIEX process, discussed in a following section of the report, or perhaps post-
filtration activated carbon may need to be incorporated into the treatment facilities to
remove organic contarminants. Bench scale pilot studies, undertaken prior to design,
would be required to establish process requirements and identify limitations enabling
selection of appropriate pre- or post-treatment processes to be added to the Felton WTP.



SECTION 3
LOCH LOMOND SOURCE DEVELOPMENT

WATER QUALITY CHARACTERISTICS

Loch Lomond Reservoir water quality is seasonally variable, but generally
contains more organic contaminants than does the other raw water sources treated in
District facilities. Table 2 provides raw water characteristics for both Fall Creek and
Loch Lomond reservoir. Of major concern are the high levels of organic contaminants
charactenzed by the measurements for Total Trihalomethanes (TTHMs), Haloacetic
Acids (HAAS5s), Dissolved Organic Carbon (DOC), and Ultraviolet Light Absorbance
(UVA). Loch Lomond water of this quality exceeds the USEPA Disinfectants-
Disinfection By-Products (D/DBP) standards of 80 pg/L for TTHM’s and 60 pg/L for
HAAS’s. In contrast, Fall Creek water after treatment in the Felton plant is well below
the TTHM and HAAS standards. Blending of the two sources with a significant portion
of Fall Creek water would be a viable strategy to enable compliance with the D/DBP
standards. If solely Loch Lomond Reservoir water were to be processed in the plant,
removing these organics to conform to current USEPA drinking water quality standards
would require some specific treatment process modifications to the Felton plant.

Color and Turbidity are higher in Loch Lomond water and more coagulant
treatment chemicals would be needed to remove these contaminants. Removing color
causing organics to meet the 15 color unit standard may require higher coagulant dosages
than can be efficiently processed in the Trident units.

There are other water quality parameters that can impact the palatability of a treated
water supply but have no impact on the potability of the source. Water temperature is
one parameter, which could be affected by introducing the warmer Loch Lomond water
into the Felton facility. A review of finished water records suggests that Loch Lomond
water may be 2-4°F warmer than the received Fall Creek water. Although the impact
may be regarded to be quite minor, it will be noticeable by some consumers as an
undesirable trait.

A discussion of an adjunct treatment process (the MIEX Process for example) to
remove organics, should it be determined through additional testing to be necessary,
follows in this report. Post filtration treatment using Granular Activated Carbon (GAC)
is another effective, but expensive, process for removing organics.
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TABLE 2
Raw Water Source Characterization
Loch Lomond Reservoir' and Fall Creek®

Parameter Units Loch Lomond Fall Creek
Reservoir
TTHM’s ug/L 130.8 15-22°
HAAS5’s ug/L 106.4 8-18°
DOC mg/L 2.6 NA
UVA cm-1 0.134 NA
True Color Pt-Co Units 15 0
Apparent Color Pt-Co Units 36 0
pH Units 7.5 7.5
Turbidity NTU 2.9 0.62
Alkalinity mg/L as CaCOz 130 110
Ca Hardness mg/L as CaCOs 107 33
Total Hardness mg/L as CaCOz3 145 110
TDS mg/L 182 160
Conductivity wmho/cm 384 260

! Source: SLVWD Fall Creek data provided by SLVWD and Loch Lomond Reservoir water quality data
from “Results from MIEX Resin Jar Tests for Disinfection By-Product Removal from Santa Cruz Raw
‘Water by WesTech and Orica Watercare, Inc.

2 Samples collected 4/22/09 and 4/25/0%

? Seasonal range. Worse cast sample location in system.
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SOURCE ALTERNATIVES

Loch Lomond Reservoir offers the potential to provide an additional 313 acre-ft
per year to the limited water sources available to San Lorenzo Valley Water District. As
indicated previously, the options available to obtain this additional supply are both to
purchase and treat the raw water in either new or existing water treatment facilities or
purchase fimished water from the City of Santa Cruz.

The second option involving purchase of treated Loch Lomond water from the
City of Santa Cruz is discussed in Section 4 of the report.

TREATMENT PLANT SITING

It is presumed in this study that the Felton WTP site (Kirby Street) will be the
location for facilities to treat the additional supply obtained from Loch Lomond
Reservoir. The reasons for this presumption are the following:

¢ The District owns the site

e The infrastructure is in place and is suitable to support additional
treatment process units (if required)

o The plant site is relatively close in proximity to the raw water pipeline.

At this time, no alternative treatment locations are under consideration.

ORGANIC REMOVAL TREATMENT STUDY — MIEX PROCESS

The City of Santa Cruz retained WesTech and Orica WATERCARE in October
2004 to perform a relatively comprehensive bench scale study of treatment strategies to
remove organics from the Loch Lomond Reservoir source. This evaluation was
undertaken to determine what modifications or additions to the Graham Hill WTP would
be required to achieve consistent compliance with the D/DBP Standards of the current
Federal and State water quality regulations. This study involved comparing processes of
enhanced coagulation (addition of high dosages of aluminum sulfate coagulant —
generally 2-3 times that needed to simply clarify the water) to a proprietary process
(MIEX) that uses granular resin that has a specific affinity for adsorbing naturally
occurring organic contaminants from a water supply. Whereas enhanced coagulation will
potentially remove 25-35 percent of most organic contaminants, the MIEX process can
remove as much as 80-85 percent when combined with alum coagulation at dosages
considerably lower than needed for enhanced coagulation.

The findings of the MIEX bench scale studies are important to establish whether the two-
stage filtration process (Tti-Mite) used in the Felton Plant is capable of operating in the
enhanced coagulation mode of treatment. Enhanced coagulation appeared from these
bench scale studies to be required to remove high levels of organics from Loch Lomond
water. The Tri-Mite process employed in the Felton plant is not capable of operating in
the enhanced coagulation mode. Unless the D/DBP standards can be met through
blending of Loch Lomond with Fall Creek water and reliance on the capabilities and
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limitations of the two-stage filtration process, supplementary treatment with additional
process equipment would be required.

The results of the comparative tests are provided in Table 3 and Table 4. These
were excerpted from the pilot bench scale studies performed on Loch Lomond water for
the City of Santa Cruz. The study also yielded results (Table 5), indicating that either
enhanced alum coagulation or MIEX pretreatment followed by conventional alum
coagulation would provide a treated water meeting the Total Trihalomethane (TTHM)
standard of 80 ug/L and the Haloacetic Acid (HAAS) standard of 60 pg/L. Other
parameters regarded as contaminants, such as color and Dissolved Organic Carbon
(DOC) were adequately reduced by the two treatment processes.

The purpose of reporting the results from the MIEX bench study was to identify
and substantiate the process chemistry necessary to remove the high levels of organics in
Loch Lomond Reservoir water. Of particular interest was the evaluation of the enhanced
coagulation process (high dosages of chemical coagulants), and the requirements relating
to the capability of the Tri-mite units at Felton. . Although the study also extolled the
capabilities of the MIEX process, it was not the intent to advocate use of this proprietary
process as the only means of achieving D/DBP standards compliance. The process would
be a possible candidate however, if solely Loch Lomond water were being considered for
treatment at the Felton facility.

Should further testing to establish an appropriate process to meet D/DBP
standards reveal that the MIEX process is viable, it should be noted that a facility using
the MIEX process is relatively expensive to construct and operate. The process uses a
resin specific for adsorption of organic contaminants and requires regeneration with a salt
solution (brine), or optionally, a sodium bicarbonate solution. Typically, 350-400 gallons
of waste regenerate solution is produced per million gallons of water processed. Those
quantities can be reduced to 175 to 200 gallon per million gallons by a regenerate
concentration process, which would certainly be employed in this application. This
regeneration process adds significantly to capital as well as to operating costs. Waste
regenerant solution would have to be disposed of either to a regional sanitary sewer (if
permitted) or hauled to a wastewater treatment plant with a septage receiving facility.
The only possible locations for regenerant disposal would be the City of Scotts Valley or
City of Santa Cruz wastewater treatment plants.

It appears that the MIEX process may be technically feasible to achieve removal
of organics to enable treatment of undiluted Loch Lomond Water, when used as a
pretreatment process ahead of the existing Felton plant. A suitable location to dispose of
the considerable quantities of resin regenerate must be found to make this process
economically suitable for this application. The energy costs are considerable for brine
concentration and evaporation to produce a solid suitable for land disposal. The costs of
a suitable regenerant disposal method and/or a brine concentration procedure relegates
the MIEX process only for serious consideration if the District finds that blending the
poorer quality Loch Lomond water with higher quality Fall Creek water will not permit
treatment of sufficient Loch Lomond water to fully utilize the seasonal allotment of 313
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acre feet. The expected water supply yields from treatment alternatives of simple
blending to meet D/DBF standards versus including a pretreatment process that can treat
100 percent Loch Lomond water to match that presently produced in the Felton Plant are
described later in this report.
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TABLE 3

Enhanced Coagulation Control Test'

Jar 1 [ 2 [ 3] 4 1 57 6 1 71T 87 9710
Initial UVA 0.049
Alum Dose 0 5 10 15 20 30 40 50 60 80
(mg/L)
Polymer 0 3 3 3 3 3 3 3 3 3
Dose (mg/L)
Treated 0.049 | 0.041 | 0.040 | 0.039 | 0.039 | 0.036 | 0.031 | 0.024 | 0.022 | 0.019
UVA
True Color 5 5 5 5 4 4 3 3 3 3
(Pt-Co}
Turbidity 1.3 1.3 0.6 0.6 0.6 03 0.4 0.5 0.4 0.5
(NTU)
Final pH 8.3 8.1 7.9 7.8 7.6 7.4 7.4 7.3 7.1 7.0
TABLE 4
MIEX-Resin Pre-treatment followed by Alum Coagulation Jar Testing
Jar 1 [ 2 | 3 ] 41 5T 6 [ 7
MIEX Resin Conc.
mL/L) 1.0 mL/L mixed for 90 min
Initial UVA
0.010 (After MIEX® Pre-Treatment)
Alum Dose (mg/L) 0 2.5 5 10 15 20 30
Polymer Dose {(mg/L) 0 3 3 3 3 3 3
Treated UVA 0.010 | 0.010 | 0.008 | 0.008 | 0.008 | 0.008 0.007
True Color (Pt-Co) 2 2 0 0 0 0 0
Turbidity (NTU) 1.3 1.2 0.9 0.6 0.5 0.8 0.7
Final pH 8.2 7.8 7.8 7.7 7.7 7.5 7.4
TABLE 5
Loch Lomond Reservoir DOC and DBP Results
Parameter Units | Raw Water | Alum MIEX® MIEX®
Control | Treated /Alum
DOC mg/L 2.6 1.7 0.7 0.7
TTHM-SDSI pg/L 130.8 58.9 23.8 23.0
HAAS5-SDS1 ug/L 106.4 38 9.1 9.1

! Source: SLVWD Fall Creek data and Loch Lomond Reservoir water quality data from “Results from
MIEX Resin Jar Tests for Disinfection By-Product Removal from Santa Cruz Raw Water by WesTech and

Orica Watercare, Inc.
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BLENDED SUPPLY TREATMENT CONSIDERATIONS

Based upon the indications from limited data on the organic contaminants in both
Loch Lomond Reservoir and Fall Creek and from the MIEX bench scale studies, it
appears treating a blended water supply involving a mixture of the above two sources will
produce a drinking water meeting the Disinfectants/Disinfection By-Products (D/DBP)
Standards. However, it should be noted that the District’s present Fall Creek source after
treatment has D/DBP concentration considerably lower (less than 30ug/L), than the
current drinking water quality standard (80pg/L) of the current Federal and State drinking
water quality regulations. With the limited water quality data available for both sources,
and without testing, it is difficult to establish a precise blending ratio that would produce
acceptable quality water and control disinfectant by-products. However, to establish a
general relationship, a simple blending equation was prepared using available THM data
(presented in Table 2), provided for both Fall Creek and Loch Lomond water source.

The blending analysis is presented in Table 6. Average THM values of 22pg/L
and 130ug/L were used in the analysis for Fall Creek and Loch Lomond raw water
respectively. Targeted blended finished water THM values ranged from 30 to 80ug/L in
the analysis. Using this blending scenario, it would be possible to achieve a blended
mixture of 80pug/l. THMs (the maximum MCL) using 85 percent Loch Lomond water
mixed with 15 percent Fall Creek water. Note that as mentioned above, the District
would likely establish a much lower THM as the upper permissible level for this standard
in their water supply, so that when the Loch Lomond water is introduced into the system
the quality is similar to that presently being delivered to Felton customers. For example,
if the THM MCL goal is established at 40pg/L in the blended and treated water, then
only 17 percent of the water can be supplied from Loch Lomond requiring that the
remaining 83 percent be obtained from Fall Creek. These blending ratios and the
resultant projected water quality assume the existing Tri-Mite process in the Felton plant
would not remove significant organics. The process is designed to provide conventional
coagulation only to remove turbidity and, at the lower coagulant dosages will not remove
a significant amount of organics from the finished water. In practice, a blending ratio of
somewhere closer to 70% Fall Creek water and 30% Loch Lomond water would provide
water consistent with District customer expectations and enable the Felton treatment
facility to produce up to the maximum capacity of 1 mgd. Thus, to maximize the
utilization of Loch Lomond water up to the full allotment of 313 acre-feet per year to be
obtained generally during summer months of lower water quality, it is anticipated that
Loch Lomond water would preferably have to be blended with 70% to as much as 85%
Fall Creek water. Unknown at this time is whether taste and odor seasonally present in
Loch Lomond water will require addition of powdered activated carbon for taste and odor
removal which is possible with the Tri-Mite process.

The availability of Fall Creek water in late summer months may become a
limiting factor of how much of the 313 acre-feet Loch Lomond allotment can be used
during the Fall Creek low stream flow periods. As discussed in a previous section, Fall
Creek water diversion restrictions limit the amount of water that can be withdrawn from
Fall Creek and treated for use in the Felton service area. During summer months of a
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normal year (April 1 through October 31), the permit requires that a flow of 1.0 cfs (450
gpm) be maintained in Fall Creek downstream of the intake pump station. During the
same period in a dry year, the diversion can be reduced to 0.5 cfs (225 gpm). A further
complicating issue that could impact the amount of water that can be withdrawn from
Fall Creek is the water diversion permtt requirement that no water can be withdrawn from
Fall Creek when the flow in the San Lorenzo River below the Felton Diversion drops
below 10 cfs in September and 25 cfs in October. As a point of interest, the flow at this
gauging site on September 28, 2010, was 15 cfs.

Historically, there have been numerous occasions when stream flows have been
less than these diversion requirements essentially eliminating, or greatly reducing, the
amount of water than can be appropriated from Fall Creek for blending with Loch
Lomond water to serve the Felton area.

Stream flow records provided in Table 7 indicate that required bypass stream
flows fall to below 1 cubic feet per second (450 gpm), during low flow periods generally
in August, September and October. In 2009, the most recent year with available records
through October, indicates that on an average flow basis, the bypass flow requirements (1
cfs) were not met during the months of August and September. Further, it can be seen
that minimum flows dropped well below the 1 cfs bypass flow restriction, limiting the
amount of water available for treatment in the Felton plant to less than 100 gpm on
numerous days during the low flow months. Such minimal flow in Fall Creek greatly
limits the amount available to mix with Loch Lomond water to meet blending ratios
necessary to satisfy water quality goals.

Using the maximum 85 percent Loch Lomond/15 percent Fall Creek blending
ratio established by the example above, to enable compliance with the THM MCL of
80ug/L, there appears to be sufficient flow in Fall Creek to provide the 105 gpm (0.23
cubic feet per second), that would be mixed with 595 gpm (1.3 cubic feet per second) of
Loch Lomond water to match the maximum production capacity of the Felton plant. This
blending ratio however would just meet the present 80ug/L. THM MCL but would not
satisfy the District’s goal of 30pg/L.

From Table 6 it 1s indicated that to achieve the 30pg/L goal, the blending ratio
must be met with 93 percent Fall Creek water and only 7 percent Loch Lomond water.
At the full plant capacity of 700 gpm only 49 gpm of Loch Lomond water can be blended
with 651 gpm (1.45 cfs) of Fall Creek water to meet the desired goal. It is clear from
stream flow data in Table 7, that these requirements cannot be met during most of the
summer months. Further, it points to the need to incorporate means to provide high
levels of organic contaminant removal from Loch Lomond water to be able to effectively
use the full 313 acre-feet per year allotment in the Felton plant. Blending does not
appear to be a viable strategy to meet the District’s water quality goals.
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TABLE 6
Fall Creek/Loch Lomond Water Blending Ratios™
Felton Treatment Plant
San Lorenzo Valley Water District

Targeted Finished Percentage Flow Fall Percentage Flow
Water THM level, pg/L’ Creek, %° Loch Lomond, %*
30 93 7
40 83 17
60 65 35
80" 15 85

" Computation of approximate percentages of raw water from each source that must be mixed together to
yield a targeted THM value in the blended finished water.

' Selected maximum THM of blended water assuming little or no removal in Felton treatment plant. Raw
water THM for Fall Creek Water assurned to be 22pg/L. Raw water THM in Loch Lomond water assumed
to be 130 pg/L.

? Required percentage of Fall Creek water that must be blended with Loch Lomond water to yield a 30pug/L
TTHM concentration in finished water

* Maximum allowable percentage of Loch Lomond water to be blended with Fall Creek water to yield
given THM in Felton WTP finished water

* Present Maximum Contaminant Level (MCL), 80pg/L, for organic contaminants expressed as Total
Trihalomethanes (TTHM)
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TABLE 7
Fall Creek Stream Pumping/Bypass
Diversion Records'

Flow Values in GPM and CFS
Average Maximum Minimum
Flow Bypass Flow Bypass Flow Bypass
Diverted flow, Diverted | flow, cfs | Diverted | flow, cfs
to Felton cfs’® to Felton to Felton
WTP WTP WTP
gpm’ gpm’ gpm’
Year Month
2007 June 471 0.56 471 1.9 124 0.56
July 250 0.90 350 1.2 162 0.69
Aug 239 0.68 272 0.89 188 0.56
Sept 170 0.63 272 0.97 98 0.41
Oct 125 0.96 226 3.42 90 0.62
2008 June 176 1.94 278 2.4 103 1.37
July 171 1.38 272 1.67 130 1.19
Aug 185 2.41 272 4.85 112 0.53
Sept 156 0.77 231 0.84 133 0.53
QOct 121 0.73 147 1.53 147 0.36
2009 June 182 1.77 258 2.48 160 1.48
July 225 1.19 272 1.65 167 0.89
Aug 212 0.90 250 1.10 166 0.69
Sept 202 0.80 270 1.26 21 0.50
Oct 156 1.83 250 9.7 90 0.36

' Flow data compiled for Fall Creek stream flow diverted to treatment facility and bypassed to maintain
permitted stream flow downstream of intake pumps

* Flow pumped from Fall Creek Intake to Felton Water Treatment plant and distributed to Felton service
area

3 Fall Creek stream flow bypassed intake facility to maintain required 1.0 cfs minimum flow in stream to
comply with diversion permit requirements.
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FULL UTILIZATION OF LOCH LOMOND SOURCE

It appears from reviewing Fall Creek stream flow and water quality data that in
order to be able to utilize the entire 313 acre feet yearly allotment of Loch Lomond water
a supplemental treatment system capable of meeting the District’s water quality goals
must be placed in service at the Felton Water Treatment plant. Previously in this study,
the MIEX process that can remove as much as 85 percent of the organic contaminants in
Loch Lomond water has been discussed. Treated water quality standards without
blending with superior quality Fall Creek water would be possible with the MIEX
pretreatment process. Although initially regarded as being too expensive and not
necessary, it now appears more attractive as an alternative, which would permit fuli
utilization of the 313 acre-feet per year allotment from Loch Lomond available to
SLVWD. Rather than relying on blending of Fall Creek water with Loch Lomond water
to meet District water quality goals, the Felton plant, with a MIEX pretreatment process
can treat Loch Lomond water directly to a quality matching that currently achieved in the
Felton system utilizing Fall Creek water.

3

The key to being able to effectively and efficiently incorporate the MIEX process
into the Felton facility is to be able to locate the necessary process equipment on the
existing Felton treatment plant site. To verify the feasibility of accomplishing this
necessary requirement, design information on the MIEX equipment was obtained from
the manufacturer. Technical information on the MIEX system is provided in the
Appendix. This information was used to create a preliminary conceptual facilities design
to establish installation feasibility and to enable preparation of a planning level cost
estimate to incorporate the MIEX pretreatment equipment into the existing plant site

KIRBY STREET PLANT

Introducing a blended supply of Loch Lomond and Fall Creek water into the Kirby Street
water treatment plant in Felton will require construction of new facilities to handle the
changed treatment requirements. A site plan, showing the proposed location for the
pretreatment equipment is provided as Figure 1. As discussed in the previous section, the
MIEX process will require additional process equipment. The need for other
improvements is also impacted by the expanded flow through the facilities.

A major feature will be a tank to collect and permit blending of water from the
three sources, Fall Creek, Bennett Springs, and Loch Lomond Reservoir. Blending is
needed to even out water quality to provide a stable treatment condition. This blending
tank would be required for the MIEX pretreatment process as well. As a preliminary
recommendation, a tank providing about 90,000 gallons (about 2 hours detention time),
would be installed upstream of the plant to meet blending requirements. An additional
benefit of the tank will be to provide detention time to relieve dissolved air from
incoming water, which has contributed an operating problem since the plant was
constructed. Also, a 90,000-gallon tank with dimensions of 25 feet in diameter by 24 feet
tall will fit on the existing site and will permit supplying the plant by gravity, eliminating
an additional pumping step if the blending only alternative is selected. With the MIEX
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process an intermediate feed water pump station is required. The estimated cost of the
blending tank is incorporated into both raw water treatment alternatives.

Also as a minimum, powdered activated carbon (PAC) feed facilities should be
provided to contend with possible seasonal taste and odor conditions, which result when
large percentages of Loch Lomond water is being processed in the plant. The existing
Trimite equipment can accept PAC dosages up to 10-15 mg/L without major impact on
operating efficiency. The capability to apply PAC would be recommended for both the
blending alternative and the MIEX pretreatment alternative.

Existing wash water recovery basins are designed for processing backwash water
and concentrating solids for the 1 mgd capacity existing facilities while treating Fall
Creek water. It is expected that at the increased operating flows and with perhaps more
than a proportionate increase in waste solids production (due to higher coagulant
dosages), more frequent solids removal from the recovery basins will be required. Also
reduced drying time will result in solids of higher moisture content potentially requiring
more labor for removal and disposal to a satisfactory location. Rather than land
spreading of the relatively dry, soil-like solids that is the current practice, the waste solids
may have to be handled in a semi-liquid form and hauled by tanker to a municipal
wastewater treatment plant. Altematively, on site solids dewatering facilities could be
constructed using a variety of processes and equipment suitable to application for small
plants. Such facilities are expensive to construct and maintain. Because there is
considerable uncertainty on future solids handling requirements at an expanded Kirby
Street plant, it is unrealistic to attach a cost of some unknown potential solids handling
improvement to the Loch Lomond water treatment alternative in this preliminary study.

Finished water disinfection requirements at increased plant production capacity
can be provided satisfactorily by the existing 250,000-gallon finished water storage tank.
No increased contact time over that provided for the original 1 mgd capacity facility is
expected to be required. Contact time (CT) requirements can be met even when
processing Loch Lomond water either simply blended with Fall Creek water or as
undiluted raw water obtained directly from Loch Lomond reservoir

The existing plant finished water pumping capacity may have to be expanded to
contend with possible change in the diurnal system demand pattern, especially if the
service area is expanded. Replacing one of the can-mounted finished water pumps with
one of greater capacity could accommodate this modification relatively easily. Since the
specific additional pumping capacity needs are uncertain at this very preliminary
planning stage, no costs for this item are included in this study.

Another possible plant upgrade that would provide greater removal of organic
contaminants and taste and order substances would be the installation of post-filtration
GAC adsorption equipment. Carbon adsorption would be equally beneficial even if the
MIEX pretreatment process is incorporated into the plant. This additionally effective, but
expensive process would only be beneficial if blending and treatment with powdered
activated carbon (PAC) is not effective in achieving drinking water quality standards and
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producing finished water matching taste and other aesthetic qualities expected by
consumers. Only actual plant operating experience with treatment of the new blended
supply or perhaps pre-design bench scale laboratory or pilot studies would validate the
effectiveness and establish the possible benefits of using post-filtration GAC. A more
detailed assessment of the efficacies of PAC versus GAC is beyond the scope of this
study. Consequently, costs for incorporating GAC treatment to the Kirby Street plant are
excluded from this study.

For the MIEX pretreatment alternative a waste regenerant storage tank would be
required. A buried fiberglass tank with 2,500-3,000 gallons of storage capacity would
provide 9-10 days of storage before the regenerant must be removed and hauled to
disposal at a local sewage treatment plant. Optionally, an above grade polyethylene tank
of similar or larger volume could be used for this purpose.

SITE SELECTION

As mentioned previously, the favored location for treatment of water from Loch
Lomond Reservoir (either through the existing or a modified Felton plant with MIEX
pretreatment) would be at the Kirby Street site. Figure 1 mentioned previously illustrates
the orientation of the MIEX equipment on the site. The proposed blending tank could be
located adjacent to the existing finished water tank. MIEX process equipment would be
located in the area between the building and the solids drying beds. The generator would
be relocated. The infrastructure is adequate to accornmodate the additional facilities and
the plant is situated in the portion of the system where additional water supply can be
extended to areas where supply is limited.

LOCH LOMOND RESERVOIR PIPELINE ACCESS

The Felton plant is located in relatively close proximity to the Newell Creek
Pipeline, which conveys raw water from the reservoir to the City of Santa Cruz’s Graham
Hill WTP. The logical routing of an interconnecting pipeline from the raw water
transmission line to the Felton WTP would involve an alignment across the Rose Acres
Lane bridge over the San Lorenzo River, crossing beneath Highway 9 and entering Felton
on Cooper Street. See Figure 2 for the proposed routing of an intertie pipeline. The
pipeline alignment would follow Cooper Sireet to the intersection with Farmer Street and
then travel about 600 feet connecting with the existing 8-inch raw water line leading from
the Fall Creek intake to the Felton WTP. An 8-inch line would easily accommodate
flows approaching 1,000 gpm, which exceeds the present treatment capacity (700 gpm),
of the Felton plant.

This location is also advantageous for connecting the Felton Plant to the existing
distribution system. An 8-inch finished water line leads from the treatment plant to the
Felton system and has a capacity of approximatety 1,000 gpm. It is well situated to
supply the South System with significant additional water from a plant expansion using
Loch Lomond water. The high service pumps at the plant have a pumping capacity of
1,000 gpm from the existing 250,000-gallon onsite storage reservoir and have the
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capability of delivering water to match the hydraulic grade line of the McCloud tank that
has a base elevation of 515 feet.

The cost estimate presented in a following paragraph alse includes facilities to
interconnect the Felton system with the North System through a pump station and short
section of interconnecting pipeline along Highway 9. The pump station is required to
overcome a pipeline pressure differential of about 75 feet (32 psi) between the baseline
pressure established by the McCloud tank and that provided by the higher elevation
Brookdale Tank. For preliminary costing purposes, it is assumed that an in-line pump
installed in a vault, placed essentially in the pipeline right-of-way would be suitable for a
booster pump. To meet pressure and flow requirements, a 500-gpm pump would be
about 20 Hp.

The Loch Lomond raw water treatment alternative would also involve facilities to
connect the Felton system with the South Area consisting of a booster pump station and
about 11,000 feet of 12-inch pipeline connecting to the Probation Center Tank. The
booster pump station would be designed to deliver water into the Probation Center Tank,
which requires a lift of about 360 feet (154 psi). Assuming use of two 500-gpm pumps,
each pump would probably be a 75 Hp unit. For preliminary cost estimating purposes,
the South Area pump station is assumed to use can-style, vertical turbine pumps, in a
non-housed installation to be located on City of Santa Cruz property at their existing
Newell Creek pipeline booster pump station site.

LOCH LOMOND WATER TREATMENT PROJECTED COST ESTIMATES

Blended Water Alternative

Planning level cost estimates have been prepared for the two alternatives of
treating raw water from Loch Lomond Reservoir in the Felton Water treatment plant.
The costs also cover delivering the additional water for supplementing current supplies in
both the North and South Service Area. Note that these costs are to be regarded as
planning level estimates with an anticipated accuracy of plus 25 percent and minus 15
percent of future construction costs. The costs presented in Table 8 are for the blending
only alternative. The associated improvements to access the raw water and treat it along
with Fall Creek water blended to reduce levels of organic contaminants for use in the
Felton service area; and including facilities to deliver supplemental supply into the North
Area and the South Area, would be $3,748,000 in 2010 first quarter dollars. This cost
estimate is subject to the preliminary conceptual design condition assumptions described
in a previous paragraph and further provided in the footnotes of Table 8.

MIEX Pretreatment Alternative

Incorporating the MIEX pretreatment process equipment into the Felton plant
would add significant additional cost. However, as discussed previously, the necessary
pretreatment facilities can be installed on the present site with no anticipated need to
purchase additional property.
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Table 9 presents an accounting of the anticipated additional costs for
incorporating the MIEX pretreatment facilities into the Felton plant. The projected cost
in 2010 dollars for the pretreatment facilities is $2,625,000. Adding the additional cost to
those provided in Table 8, yield a total project capital cost of the $6,373,000 for a Felton
treatment plant improvement project that will permit unrestricted treatment of Loch
Lomond water over the full range of seasonal raw water quality.

24



TABLE 8
Projected Capital Costs
Raw Water Treatment Alternative-Blending Option
Loch Lomond Reservoir Allotment

Component Estimated Cost
Pipeline turnout connection' $25,000
Pressure/flow control/metering vault® $220,000
Pipeline river crossing’ $110,000
Raw water pipeline® $128,000
Boring under Highway 9° $80,000
Intertie connection to Fall Creek line® $35,000
Powdered activated feed facility7 $400,000
Blending/constant head tank® $130,000
North System connection/pumping Station” $200,000
South System comnection'’ $1,300,000
Booster pumping station'! $300,000
Subtotal Construction Cost $2,608,000
Estimating Contingency @ 20% $520,000
Total Estimated Construction Cost $3,128,000
Engineering, Administration and Legal Services $470,000
Land/Easement Acquisition Allowance $150,000
TOTAL PROJECTED CAPITAL COST $3,748,000

! Estimated cost of 8-inch connection to the raw water pipeline done on hot tap basis

? Precast vault with PRV/flow control valves, meter, fittings and valves, controls, SCADA etc.

? Exposed steel pipe with cable stays and security fencing

* Approximately 1,600 feet of 8-inch pipeline

5 Boring assumed to be required to minimize traffic disruption

% Buried valves to permit isolating two different sources at connection to the treatment plant and Fall Creek
7 Preparation and feed facility for PAC including dry feeder and controls

% Bolted steel 90,000 gallon tank, 25 ft diameter by 24 ft tall

? Booster pump station and 200 ft 8-inch pipeline

I Cost projection assumes that no major changes are made to the treatment facilities other than addition of
a blending/constant head tank at the Felton WTP,

" Can-style, vertical turbine high-lift pumps placed within property containing City of Santa Cruz’s raw
water booster pump station. Pumps required to supply South System and assumed to be not housed.
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TABLE 9

Projected Capital Costs
MIEX Pretreatment Process Addition
Loch Lomond Reservoir Allotment

Component Estimated Cost
MIEX Equipment Package' $1,100,000
Install MIEX Equipment? $310,000
Concrete Foundations® $15,000
Waste Regenerate Storage Tank® $80,000
Yard Piping’ $45,000
Treatment Plant Supply Purnps6 $35,000
Electrical $160,000
Instrumentation $60,000
Subtotal Construction Cost $1,805,000
Estimating Contingency @ 20% $560,000
Total Estimated Construction Cost $2,365,000
Engineering, Administration and Legal Services $260,000
TOTAL PROJECTED PRETREATMENT ADDITION CAPITAL COST $2,625,000

'Includes regenerate concentration unit, local and state taxes and 15 percent construction markup

2 Install and assemble equipment on concrete foundation

3 Pads for MIEX chemical feed and process unit

4 Buried fiberglass storage tank

3 Interconnecting piping with raw water supply lines and waste lines

% New pumps to deliver MIEX process effluent to existing treatment units
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SECTION 4
TREATED WATER PURCHASE

AVAILABILITY CONSIDERATIONS

The District has discussed with the City the option to exercise their allotment to
Loch Lomond Reservoir by purchasing treated water. Loch Lomond water is treated
seasonally typically June-November in the Graham Hill Water treatment plant located at
715 Graham Hill Road. It is understood that the City of Santa Cruz will supply water to
the District through this connection to their system only when raw water is being
acquired from Loch Lomond Reservoir due to water rights restrictions. This condition
generally prevails only during about 6 months of the year. The source would be also
subject to supply restrictions in periods of drought.

WATER QUALITY

Previously in the report, water quality concerns have been identified and
discussed with respect to the differing quality between Loch Lomond water and that
produced by the Felton plant and how this would impact the system customers, if at all.
As noted in Table 2, the Loch Lomond water processed in the Graham Hill plant will
contain more organic contaminants, but will generally comply with the present D/DBP
standards developed by USEPA. The treated water will be slightly higher in inorganic
mineral content indicated by the higher hardness and alkalinity of the water from the
Graham Hill Plant. The difference is slight however and should cause no major problem
with scaling or disposition in customer’s piping systems. Unknown will be the impact of
the occasional taste and odor problems that develop in treated Loch Lomond water. The
City has focused previously on applying treatment strategies to remove taste and odor
causing organics and it is expected that continued use of activated carbon and other
process modifications will minimize the occurrence of taste and odor problems in the
future.

It is expected that Loch Lomond water will be warmer than that obtained from
Fall Creek and treated in the Felton plant. This slightly warmer water may be noticeable
to some customers and may prompt limited complaints but will have no impact on the
safety of the treated water. The City of Santa Cruz is considering changing from chlorine
to chloramines to meet distribution system disinfection requirements while maintaining
THM and HAAS levels below the D/DBP standards. If the City proceeds with those
plans, comingling chlorinated water in the District system with chloramine treated City
water will contribute to water quality problems that could be troublesome to District
customers. The required addition of ammonia to react with chlorine to produce the
residual disinfectant chloramine also causes nitrification of the water that degrades
system water quality. Further, it is widely accepted industry practice to not comingie
chlorinated with chloraminated water. Most likely the District would be compelled to
switch from chlorine to chloramines in their distribution system at substantial capital
costs to convert all chlorine application equipment and operate the more expensive
chloramination facilities. It is difficult to assign a specific cost if the conversion must be
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made, but conceivably, it could be in the tens of thousands of dollars. The current status
of the City plan is unknown.

TREATED WATER SUPPLY ACCESS

Interconnecting the City of Santa Cruz water distribution system with the
District’s South Distribution System presents no unusual engineering problems.
Presently, the City distribution system extends northward on Graham Hill Road from the
water treatment facilities to serve the Rollingwood development. This development is
served by an 8-inch water main located along Graham Hill Road entering the
development on Treetop Drive. The logical location for an intertie connection would be
at the intersection of Graham Hill Road and Sims Road. From this connection point, the
8-inch pipeline could be extended up Graham Hill Road for a distance of about 8,500
lineal feet to a connection to the Lockwood Lane system. The additional transmission
pipelines required to implement this alternative are identified on Figure 3.

Other improvements required to implement this system interconnection plan
would be a booster pump station placed at some location along the 8-inch transmission
line between the Lockwood Lane system and the connection to the City of Santa Cruz
System. The booster pump would be required to match the hydraulic grade line of the
system established by the Probation Center tank. Additionally, a meter and associated
vault to house the equipment would be needed at the connection between the two
systems.

Integrating the water supply from the City of Santa Cruz system into the Felton
System will require significant transmission pipeline and a pressure reducing station. At
the connection to the Felton System of the 11,000-foot long 12-inch pipe following
Graham Hill Road, a pressure control station will be needed to reduce the pressure
sufficiently to match that of the Felton system. The differential head between the two
systems is almost 360 feet that translates into 155 psi. The pressure control station would
contain pressure-reducing values needed to dissipate the 155 psi to provide acceptable
pressures within the Felton System.

As with the raw water treatment alternative, interconnecting the Felton system
with the North System will require a booster pump station along Highway 9 and
interconnecting piping to deliver the finished water purchased from the City of Santa
Cruz into the North System.
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PROJECT COSTS

The estimated costs for the improvements needed to connect to the City of Santa
Cruz system are presented in Table 10. The total projected capital cost of this alternative
is $4,271,000. Preliminary system design assumptions noted at the bottom of Table 10
were used in preparing these costs. These costs are to be regarded as planning level
estimates that have an accuracy of plus 25 percent, minus 15 percent of actual overall
project costs.
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TABLE 10
Projected Capital Costs
Finished Water Supply Alternative
Loch Lomond Reservoir Allotment

Component Estimated Cost

Pipeline connection/metering facility’ $120,000
Transmission pipeline to Lockwood Lane System® $680,000
Booster pump station’ $300,000
Transmission pipeline from Lockwood to Felton' $1,300,000
Tie-in connection to Felton System® $40,000
Pressure reducing station of 12-inch line? $100,000
North System connection/pumping station® $300,000
Subtotal Construction Cost $2,840,000

Estimating Contingency @ 20% $578,000
Total Estimated Construction Cost $3,408,000

Engineering, Administration and Legal Services $613,000
Land/Easement Acquisition Allowance $250,000
TOTAL PROJECTED CAPITAL COST $4,271,000

! Pipeline connection to City of Santa Cruz 8-inch line at Rollingwood Estates with flow metering vault and
associated flow monitoring SCADA instrumentation

* Approximately 8,500 feet 8-inch transmission line from connection to existing 8-inch line from City of
Santa Cruz’s Graham Hill WTP

* Booster pump station on Graham Hill Road along route of 8-inch system interconnecting transmission
line. In-line style pumps in below grade vault to be placed in pipeline easement right-of-way.

!11,000 feet of 12-inch and 10-inch interconnecting transmission pipeline along Graham Hill Road
between tie-in to Probation Center tank and the terminus of a 10-inch line near intersection of

Mt. Hermon and Graham Hill Roads.

? Vault and fittings to connect new 12-inch line to existing 10-inch line

* Pressure control station to reduce pressure to match grade line of Felton system

* Booster purnp station and 200 feet of interconnecting pipeline between North System and Felton system
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SECTION 5
COMPARATIVE EVALUATION OF SUPPLY ALTERNATIVES

INTRODUCTION

In previous sections, the most apparent supplemental water supply alternatives for
using the District’s allotment to Loch Lomond water were described and developed. The
two viable options are: 1) access and treatment of raw water in the District’s Felton plant
and 2) purchase of treated Loch Lomond water through a connection to the City of Santa
Cruz’s distribution system. A sub alternative involving the addition of pretreatment to
msure full utilization of the Loch Lomond allotment is also developed in the study. Itis
referred to as the MIEX pretreatment alternative.

CAPITAL COSTS
Implementation costs of both alternatives and the pretreatment sub alternative

were provided in Section 4. The cost analyses using pre-planning level project cost
estimating procedures yielded the following costs as presented in Table 11.
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TABLE 11
Projected Project Implementation Cost
Water Supply Alternatives
Loch Lomond Reservoir Allotment

Supply Altemative Projected Project
Implementation Cost
1 District purchase of raw water for treatment in $3,748,000
the Felton WTP
la. Addition of MIEX Pretreatment facilities to $6,173,000
Felton Plant
2. District purchase of treated water from City of $4,271,000
Santa Cruz
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WATER PURCHASE COST COMPARISON

The City of Santa Cruz can provide either raw or treated Loch Lomond water to
the District, up to the allotment of 313 acre-ft per year. Based upon preliminary
discussions with city staff, raw water would be available for around $0.85 per hundred
cubic feet (Ccf) and finished water would costs $1.35-51.40 per Ccf. Raw water could be
available essentially 12-months of the year and finished water could be provided only
during the portion of the year that the City is processing Loch Lomond water at the
Graham Hill Water Treatment Plant. Note that the forgoing costs are based upon
estimates provided by the City for feasibility planning purposes only, and do not
represent an actual contractual agreement.

Presuming full utilization of the 313 acre-ft per year allotment, the purchase cost
of the full amount of raw water would be about $115,890. The purchase cost of finished
water using a unit cost of $1.40 per Ccf would be $190,880 leaving a differential cost of
$74,990 per year if the full 313 acre-ft allotment is utilized. This differential cost of
$74,990 per year would be available to the District to pay for access and treatment of the
raw Loch Lomond water in the Felton plant.

OPERATING COST PROJECTION FOR TREATING ADDITIONAL LOCH
LOMOND WATER

Treatment Costs-Blended Supply Option
The current yearly cost to operate, maintain, and deliver approximately 136

million gallons (416 acre ft) of treated water from the Felton plant is not precisely
known; but from experience elsewhere at similar facilities is estimated to be about
$150,000. The yearly production costs on an acre-foot basis using the value above is thus
$360 per acre-ft. Accommodating an additional 313 acre-ft from Loch Lomond would
not add to the treatment costs proportionately. Labor costs would essentially be
unchanged. Rather, the additional production would likely add costs only for chemicals
and treated water pumping. For the purpose of this cost analysis for the blending only
alternative, it 1s projected that the unit cost of treatment for the 313 acre-foot allotment
would be about $60 per acre-foot. The $60 per acre-foot estimate was derived from a
similar installation where detailed operation and maintenance costs were available. At
this unit cost, approximately $20,000 per year would be expended to process the
additional 313 acre-feet allotment of Loch Lomond water.

Treatment Costs-Pretreatment Option
Incorporating the resin based MIEX pretreatment process into the Felton

treatment facilities will increase treatment costs significantly. Additional pumping
energy will be needed to supply water from the MIEX pretreatment process to the
existing filtration plant. Transferring the organic absorbing resin between process tanks
and regeneration facilities require energy as well. Purchase of regenerate chemical and
resin media lost during treatment are costs that must be considered with the MIEX
process. The manufacturer indicates that operating costs including the above items could
approach $0.10 to $0.12 per 1,000 gallons of water processed.
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A major additional operating cost component is that associated with the
transportation and disposal of spent regenerate to a wastewater treatment facility. The
manufacturer projects that even with a regenerate concentration process, that waste brine
(if salt is used as the regenerate), or sodium bicarbonate production would be about 175 -
200 gallons per million gallons of water processed through the plant.

Using estimated operating costs provided by the supplier of the MIEX process,
processing 313 acre-feet per year of Loch Lomond water could fall within a cost range of
$33 to $40 per acre-feet. At these unit costs, the additional yearly production costs for
313 acre-feet of Loch Lomond water could amount to about $12,000. These costs would
be additive to the $20,000 yearly cost estimated above for processing Loch Lomond/Fall
Creek water using a “blending only procedure™ to maintain the level of organic
contaminants at the current regulated standards.

Additional operating and maintenance costs would be associated with spent
regenerate disposal. At a brine production of 200 gallons per 1 million gallons of water
treated, approximately 20,000 gallons of waste would be produced during the processing
of 313 acre-feet per year. Using an estimated disposal cost of $0.25 per gallon, the yearly
costs would amount to $5,000 or about $16 per acre-foot.

Total yearly costs for production, including labor, power, chemicals and spent
regenerate disposal would then amount to about $116 per acre-foot. This cost is to be
compared to an amount of $60 per acre-foot for a Felton plant operated without
pretreatment where blending of Loch Lomond with Fall Creek water is depended upon
solely to meet water quality standards. However, it should be noted that blending will
not always be possible because of inadequate flows in Fall Creek as discussed
extensively previously in this report.

Further, pumping energy requirements to transfer water from the Felton System
into both the North and the South Services Areas, and from the City of Santa Cruz into
the Felton system need to be factored into the cost comparison of alternatives. Delivering
finished water into the South Area from the Felton system would result in increased in
operating costs for the raw water treatment alternative due to the requirement to pump
water to a higher head (375 feet), from the Felton System (McCloud tank, elevation 535
ft), into the Probation Center tank (elevation 892 feet). An estimate of electrical
requirements to pump finished water from the Felton system to the South system was
prepared where costs are expressed on a per acre-foot unit cost basis. Assuming a
pumping rate of 500 gpm into the Probation Center Tank, the computations yielded a unit
cost of about $122 per acre-foot using an electrical power unit cost of $0.20 per kilowatt-
hour. On the other hand, purchasing finished water from the City of Santa Cruz and
delivering it into the Felton System would require less energy because pumping head
requirements are substantially less (approximately 100 feet versus 375 feet). Again,
assuming a pumping rate of S00 gpm (limited by the City of Santa Cruz Pipeline size),
from the City of Santa Cruz’s system into the Felton system, the unit water pumping
energy cost would be about $33 per acre foot. However all 313 acre feet of finished
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water delivered into the Felton system would incur this annual cost of $10,330 per year
(313 acre feet x $33 per acre-foot). Whereas, to supply the assumed 100 acre feet per
year to the Lockwood Lane subdivision at a projected water pumping energy cost of $122
per acre-foot, the $12,200 year cost is essentially equivalent to the $10,330 per year cost
to obtain water from the City of Santa Cruz. It appears from this analysis, considering
the foregoing assumptions, that there 1s little additional energy cost liability to the District
to pump as much as 1/3 of the 313 acre feet of water treated in the Felton plant, into the
South Area pressure zone served by the Probation Tank.

SUMMARY COMPARISON OF ALTERNATIVES

The findings of this study indicate that it would be advantageous for the District
to purchase raw water directly from the City and process it in the improved and upgraded
Felton water treatment plant either employing the alternative of simple blending of Loch
Lomond water with Fall Creek water (when available) or preferably, providing a
pretreatment process (MIEX) to reduce organic contaminants from Loch Lomond to
match the levels in Fall Creek water, thereby permitting unrestricted use of the full
amount of this source. As presented in Table 12, the estimated cost of treating an
additional 313 acre-feet in the Felton plant (utilizing blending only to meet basic D/DBP
standards), and pumping 100 acre-feet to the Lockwood Lane subdivision would be about
$148,090 ($115,890 purchase cost + $20,000 treatment cost + $12,200 pumping cost).

Employing pretreatment involving the MIEX process would increase the annual
costs to $164,000.

The cost of purchasing water from the City and pumping it into the Felton system
would be about $201,210 per year ($190,800 purchase cost plus $10,330 pumping cost).

The unit costs included in Table 12 illustrate that even with inclusion of the
relatively expensive pretreatment process, that it is advantageous to the SLVWD to adopt
a project to utilize their Loch Lomond allotment as a supplemental raw water source for
the Felton service area.

Table 13 has been created as a summarization of the advantages and
disadvantages of the various parameters that highlight the features of the two selected
alternatives. It is intended that this summary, which also includes subjective information,
be used as a guide in selecting the best alternative to utilize the Loch Lomond Reservoir
water allotment to provide additional reliable supply to the District’s North and South
service area.
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TABLE 12
Summary Cost Comparison
Loch Lomond Supply Development

Raw Water Treatment Raw Water Treatment Finished Water
Alternative-Blending Alternative-MIEX Purchase Alternative
Only Pretreatment Option

Water Cost' $115,890 $115.890 $190,900

Treatment $20,000 $36,000 .

Cost

c 3

Pumping Cost $12,200 $12,200 $10,330

Total Cost $148,090 $164,090 $201,210

Unit Cost’ $473 per acre-foot $524 per acre-foot $643 per acre-foot

! Purchase cost for 313 acre feet of raw and finished water from the City of Santa Cruz

? Projected cost to treat 313 acre-feet of additional water in Felton treatment plant

* Estimated pumping cost to serve Lockwood Lane in higher-pressure zone than Felton zone with 100 acre-
ft per year.

* Unit cost for additional 313 acre-feet of water supply
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Technical Note
Chloride-Free Bicarbonate R

fplelels

Introduction

The regenerant typically used to restore the ion
exchange capacity of MIEX® Resin is a concen-
trated sodium chloride brine solution. The resulting
waste stream is therefore high in conductivity and
chiorides, which can present problems with sewer
disposal due to potential impacts on downstream
biological processes and TDS limits on discharges
from wastewater treatment plants.

Where chloride is problematic in the waste from re-
generation, sodium bicarbonate, commonly referred
to as 'baking soda’, can be used to regenerate the
resin, which completely eliminates the presence of
chloride and significantly reduces the conductivity of
the waste.

This technical note summarizes how MIEX® Resin
can be regenerated with sodium bicarbonate as well
as impacts on costs and waste disposal compared to
sodium chioride brine,

Chemistry of Bicarbonate Regeneration

When sodium bicarbonate (NaHCQ,) is used for
regeneration of the MIEX® Resin the bicarbonate
{HCO,) ion rather than the chloride (CI) ion is ex-
changed for target anions such as organic acids and
nitrate. The bicarbonate ion is actually below the
chloride ion in terms of affinity towards the MIEX®
Resin (Figure 1), which means the selectivity of the
MIEX® Resin for target anions is not impacted when
the MIEX® Resin is in the bicarbonate form.

A bicarbonate regenerant solution is prepared by
dissolving sodium bicarbonate in water at near

the saturation point (78 g/L at @ 18 deg C). This

is diluted to around 50 g/L before being used for
regeneration of MIEX® Resin. The small particle size
and high surface area of the MIEX® Resin, which
results in anion removal occurring mostly via surface
exchange, makes the MIEX® Resin relatively easy to
regenerate compared to larger resins that rely on

Figure 1: Amon selectivity chart for MIEX® Resin
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most of the ion exchange occurring within the resin
bead. The high surface area allows the MIEX® Resin
to be effectively regenerated using a regenerant
such as sodium hicarbonate, which has a relatively
low ionic strength.

Waste Disposal Considerations

When there is insufficient dilution available for NaCl
brine waste at the discharge point, the resulting
increase in chloride concentration and conductivity
may be of concern for downstream biclogical treat-
ment processes or for TDS limits in final discharges.
Waste from sodium bicarbonate regeneration does
not contain any chloride ions and has a significantly
lower conductivity, TDS and sodium concentration
than waste from brine regeneration (Table 1).

In many cases, bicarbonate regeneration waste can
actually be of benefit to the sewerage system and
downstream biological treatment processes. Bicar-

ORICA
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Chloride-Free Bicarbonate Regeneration of MIEX® Resin

bonate adds buffering capacity to the waste stream,
which is generally desirable at wastewater treatment
plants. Increasing the buffering capacity and pH of
the waste stream produces the following benefits:

= Minimizes the vaporization of odors, particularly
hydrogen sulfide.

«  Easier treatment by biological processes.

«  Compensates for alkalinity consumed during
nitrification.

« Decrease the potential for corrosion of iron or
cement pipes.

Table 1: Comparison of Waste Characteristics from Chloride
and Bicarbonate Regenerants

Parameter Regenerant Waste Concenlration {Average}
NaCl NaHCO,
TDS {mga) 120,000 30,000
Conducivity {ms/cm) 220 50
Chionde (mgA.) 65,000 0
Sodium (mgil) 52,060 9,000

Reduced Treated Water Corrosivity

When MIEX® Resin is used in the bicarbonate form a
bicarbonate ion is released into the treated water in
exchange for the target ion that is removed from the
water. The resulting slight increase in alkalinity from
the hicarbonate release, plus no increase in chloride
ions will result in a reduction in corrosiveness of the
treated water, which could be a significant benefit
for low alkalinity water sources.

Operational Considerations

At a maximum NaHCO, saturation level of 8% and
a pH of around 8.5, biological growth can occur in
a bicarbonate regenerant salution whereas biologi-
cal activity cannot occur in a 10% NaCl solution. A
bicarbonate regeneration system must therefore be
configured to prevent the risk of biological growth
in the regeneration system and biological fouling
of the resin. Saturated regenerant solution is made
up from dry NaHCO, on a daily basis only. The resin
should also periodically be regenerated with sodium
chioride to prevent any long-term biclogical growth
or build-up of organics on the MIEX® Resin. The
same regeneration equipment can be used for each

Technical Note

regenerant. A separate salt saturator will be required
however it will be relatively small due tc only occa-
sional use of this regenerant.

Cost Comparison

Although the cost per ton of NaHCO, is more than
that of NaCl, the reduced usage offsets much of the
higher regeneration chemical cost.

As the regeneration chemical is only a minor com-
ponent of the total MIEX® Process cperating cost,
the overall operating cost increased is less than 10%
when using NaHCO, compared to using NaCl for
regeneration.

Conclusions

» Sodium bicarbonate can be effectively applied
to regenerate MIEX® Resin thereby eliminateing
chloride from the waste regenerant solution.

« Although the cost of sodium bicarbonate regen-
eration is higher than sodium chloride, the over-
all MIEX?® Process operating cost increase will be
less than 10% since regeneration is only a minor
component of the overall operational cost.

« The presence of bicarbonate, which increases pH
and buffering in a wastewater stream, would be
beneficial for reducing odours, minimizing pipe
corrosion, and allowing easier treatment under
hiological conditions.

« Treated water impacts of bicarbonate regenera-
tion include a slight increase in alkalinity and no
increase in the chloride fevel, which can result in
a reduction in treated water corrosivity.
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EcoRegen™
Low Waste MIEX® Regeneration System

~ Equipment Brochure

The EcoRegen™ System is a low salt, low-waste resin regeneration system that further
reduces the ecolcgical footprint of the MIEX® Process.

A scarcity of new, high quality water sources to meet
demand from a growing population has led to an
increasing need for advanced water {reatment
technologies. In addition, water utilities are looking for
more sustainable treatment processes to reduce the strain
on the environment.

The EcoRegen™ Sclution

The MIEX® Process is known to have the srallest carbon
footprint of the advanced TOC removal technologies. In an
effort to further minimize the impact on the environment,
Crica Watercare has developed the EcoRegen System which
allows for the recycling of up to 70% of the spent brine
regenerant that is typically sent to waste,

The low sait consumption and waste volumes acheived
with the EcoRegen™ System further reinforce the MIEX®
Process as having the smallest ecolegical fooiprint of any
ion exchanqge process.

EcoRegen™ System Features
« Salt consumption reduced to as low as 150 Ib/MG

« Waste volume reduced to as low as 100 gal/MG
{0.01% of plant throughput)

+ Significantly reduced waste disposal costs

* Lower overall MIEX® System operating costs

+ Small footprint, skid mounted systems

* Simple operation
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How the System Works

In the MIEX® Process, resin is regenerated in
a regeneration vessel by passing a NaCl
brine solution through a bed of loaded
resin. After each regeneration, a fraction of
the brine solution must be wasted o
remove accumulated TOC and sulfate from
the regeneration circuit.

The EcoRegen™ System is designed to pass
waste brine solution through a
nanefiltration mernbrane where TOC and
sulfate are filiered from the brine (Figure 1).

Figure 1: Samples from Ecoflegen™ System:
feed to nancfiltration (L), concentrate sent to
waste (C), and filtered brine (R)

The filtered brine [permeate] can then be
reused in the regeneration process while
the concentrate is sent to waste (Figure 2),
resulting in a significantly smaller waste
volume. This volume of brine that can be
removed ranges from 140 to 280 gal/MG of
plant throughput, depending on the MIEX®
Process treatment rate.

Figure 2: EcoRegen™ System Brine Flow Diagram
EcoRegen™ Systam

This recycling of waste brine also reduces
the salt make-up rate in the salt saturator.
An example of reduced waste volumes and
salt consumption that can be acheived
using the EcoRegen™ System is shown in
Table 1.

Table 1: Mass Balance for 30 MGD MIEX®

System using EcoRegen™ System
oziameter i Value
Treatment Rate 1000 BY
Salt Usage 150 /MG

Waste Recycled 140 galMG
Waste Discharged | 100 gal/MG

Operator Requirements

The EcoRegen™ System is fully automaied.
The membranes require periodic chemical
cleaning which can be manual or
automated.

The cost of slightly higher power
consumption {<5 kWh/MG) and cleaning
chemicals for the EcoRegen™ System are
nominal compared to savings achieved in
reduced salt consumption and waste
disposal costs.

Contact Us

Visit our website at www.miexresin.com
or contact your nearest Orica Watercare
office for more information or to inquire
about a specific application.

Regeneration Vessel

Saturated A
Brine —

Warsle Tank

Concontrale

MIEX® 15 a requstered trademark of Onca Austraba Pty Ltd.
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“We are relieved to be
back in compliance with
the Stage 1 Disinfection
By-Product Standard so
quickly. Also, the comfort
margin will aflow us to
easily meet the Stage 2
requirements.”

Franz Nestlerode, Deputy
Water Superintendent.

| =

Green Valley Water

Treatment Plant

Figure 1: MIEX® Installation (foreground) at the Green Valley WTP

Project Summary

The Green Valley Water Treatment Plant (WTP)
draws its water from two sources to supply
Suisun, CA and surrounding communities.
The WTP' distribution system is very long
resulting in lengthy detention times where
free chlorine used for disinfection reacts with
total organic carbon (TGC) to form high levels
of Total Trihalomethanes (TTHMs), The Green
Valley WTP was unable to adequately reduce
the source water TOC levels to achieve
compliance with the Environmental Protection
Agency (EPA) TTHM regulations.

A MIEX® Treatrment System was installed in
January 2G06 to reduce the treated water
TOC level prior to disinfection. This resufted
in over a 65% decrease in distribution system
TTHM levels, allowing the Green Valley WTP
to easily rmeet the EPA TTHM standard.

Challenge

The Green Valley WTP operated by the City

of Vallejo, scurces raw water from Lakes Frey
and Madigan, and the Solano Irrigation District
supplied from Lake Berryessa.

The WTP% long distribution system includes a 9-
mile long, 24-inch main that serves only 62
connections. As a result, distribution detention
times range from two weeks to as long as four

weeks, thus providing more time for the chlorine

to react with TOC and form TTHMs.

The plant’s previous coagulation treatment using
alum and a cationic polymer had little impact on

treated water TOC levels for either water source.
The WTP was therefors unable to reduce TTHMs

to below the EPA standard,
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Figure 2: System Wide TTHM Averages
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Solution

The City of Vallejo considered several
technologies to address the TTHM problem at
the Green Valley WTP, including the MIEX"
Process, Granular Activated Carbon {GAC) and
enhanced coagulation. Based on capital and
nperating costs the net present worth of GAC
was significantly higher than the alternatives.
Enhanced coagulation was not effective in
providing enough TOC removal to reduce
TTHMs below the EPA standard.

TTHM - uglL

B oaps W

In May 2004, a MIEX" Pilot was conducted
which indicated that TOC levels could be
significantly reduced, providing a large
comfort margin for the WTP to meet current
and future EPA TTHM standards.

As a result the City of Vallejo decided to install
a 1 million gallen day {(MGD) MIEX" treatment
system as a pretreatment step 1o the existing
treatment plant.

| EF{\”FM | |
o )

MIEX System
Operating

92 a0 @ o

Project Outcomes

s Fuli-scale treatrent resuits mirrared pilot
trial results for TOC removal and Simuiated
Distribution System TTHM reductions.

» Treated water TOC levels have been
reduced by 60 to 70%.

* System wide average TTHM levels have
been reduced from 119 pg/L to 38 ug/il
after MIEX" System start-up.

» Coagulants (alurn and polymer) have been
replaced by an ACH/polymer blend at less
than 10% of the previous dose rate.

» Chlorine dose for disinfection has been
reduced by 40%.

s Algae growth has been significantly reduced
in downstream treatment processes.

+ Chiorine residuals can now be achieved at the
furthest points of the distribution systern.

Visit our website at www.miexresin.com or contact your nearest Orica Watercare
cffice for more infarmation or to inquire about a specific application.

MIEX™ © a regstered brademark of Orea Australia Py Lid

YCSO607US



| & L £ . 14 s L F [ B
omma| A eanel Sl e it PRy S Bk b ] ™ s 3voadiva YOI O ANSOUR] 5501 30, AITTEVTT AIGHI 8761
MA NV sraeaal N AT My e — Fan Forbn m et B ] CBNCHINYRY 300 304 w3y 308 2HL LY 34 TIVHS D6 3vaylivm
QIYE NONYEING DI ONY NOLIVINGD e pLA AL AL 2 ; YOO 40 INISHOD NELL M STxd d0fd 341 INGHUM
w IVAYNOYI D0LIW g ININOMISN GIHSIN ¥ LN 3 NI ANY 4G ‘NTIVIR 00
INIVRSNYIEY TVEINID emsed IHYIHALVAA I - Lo] ﬁw«k _.Uquknw_ HIHLD H”MW&&«OOMUWHQWWMH %
= : : SNOBNILG RO 1w d ME0 TIOHM vl L
T v e e R Ry 5_;&0 g Q3INITTIFRA 8O (BANEINLLON 9 11 1031 0¥d EMEIC ¥ 804
U pp— e Ly “ONI SV OEIEYM YOI A8 GINYATHd TAARIS 1O INIWIRISN
i | v EEAT R Y ek e K Q RIYAAINNCD YIERW D0a081D313 #3410 GhY SHL
514§ 1 CHICTIN 30N 10 O (1542 NOUVAIN IS ONY SOIDVIMDG 2
MO NG LIAE Y e, ATRIA OL ZOISWAINOD “TIWWIKOBIdY Tny SCNEL
AT i L
NOVIANNOT B30/ 504 35 it .Nmm Heu
ed 0 W IYROGEY R %
VS G NI TG 3y
i HOLYIOY YOOV INDD
L &.az
,, f M Vit NS
, ! mip
\ _“ SN AISY M RO INED T \I
| AOIIVINGD °
T /
i
b | /
_ d
[
[ I I
15 . i i
m ! T
I . I 8
e = D - _ __ — .
==
B
o 5
bk N
e
[ . °
- - \
T = P 30.]
r
FA L) wlﬁm\
1 IMY] INEEY =
2 INv] NOUYEINICAE 1 ¥NyL zQ_.\zwszL INYL AL NTY
SXICNNYT sHAN 44T
Yur a
WIARYH
T T T T T T
1 £ ¥ g 14 ¥




1

€

£ N 7

1

e i e B e T i P 300 SAVoIILYM 0 (L A OMTE S0 8 ALTWGT) GG, ST
NOILYAIT] INONS [ W Tkt ST = pend] IDGCHINYNY FHL 303 UR JHOS3HE IV 6 TIVEHS N S vddiva
QIYE NOILYEINIDIN ONY FOLIVINDD — L = VORI 30 [NIPRCD Nz LM STI4dK3 ¥0Iad T0L INOHL M
w XY AYRDYW 001 JW _— INGINRISAL CTIHSE VLGN T NDUY DD Ay 36 HOIWIAO0wW
INIWASINYRIY TYRINID i JUYIUILYAA MO 15738 *LDArGEd s3I0 ANY NG 3G IDXCud W 10
e MO SHOENIEE N0 Javd N AD TOHM M X114 404 3Wvuis 2 0L
oy Uszkmﬁﬂmnmu -.Qsm._w-hﬂzﬂ.s.huvw_..uwm n_nw.zmwawg—.m&om
e wimeve] - e LI ORI TV DHALYM, YIHRO A8 QRIVEIS] FIANS 50 INTWIHIS
o e = s T T Y 9 AVARATINNGD VICRA THNOE1031] ¥3HI0 Ch Sl

103 A

L e

L ERS A AL A I MNCALDINNGD »Hﬁ_ﬂ..mw-wkw.(_’

LR L
SO B0 D
LYNCRIYZH 2 11V,

\
1

T TNHY

o51e g §
\m..z_ HA1Y M MV
8 |

Hma’.s,& LSV M HORIWEN 10

fod] 1

.p.m.n\_\\\ _

L

/

"3

i

Yuon u S |

v

¢ aHvl IN g

T

4 RASENT FAN A O) 08 NOHLY AN IO 3N OHY 30L0VNDD T

Z ANV NCILYXENIDIN \

SYOLYLOV NCLYAINID ¥

LFAPA L AADYRINGD YW S G Ty rqﬁua_‘%

L ANV NOIY NN

\ Hea Fain
BOLDYINOD '

=

ANYL 31NV AL MY

HOIYIOY HOIWINADY




t \ z . I ) L] ] [
= . YEET : p— !
o e - pwrel e | G fr % — ,u.,mmmwco 5%;%%%09 %.wa%w mhacd wmom_ﬁé ﬁnxw..,“ﬁu_
T e R ey g = == bt H) Al 04 1Lv W SNV IR LY A
QXS HOIYA3N3 038 BNY BOLIVLKOD e R ey o e Lalsetiai - YIRIO 0 INIHDD HELIAM SEIAdXT HOTed Jm2 NS
m VY NDYW DOLdW . = INZHAAISH CIHSING ¥ LN Y NOIEY TN ANY 3G ' NOYSHOOHN
INIWDNYRAY 1vEINID i ] ANV IVILWAN um m-wuw ._.36&0& 3O ..zwﬂ.__awuu - lo] huﬂm&.._ ELIE o]
, =i SHORNIL 14Yd M AD FIOHM N B TRYNS 5 OL
T VAT A e eve |wman | el PINHO SEm, OQANTDAAIN 80 CEARAIM IGK § I 105'08d TINIIC Y 804
s we 8 {wnac 0 | e e iy “INEIIVSEALYM YOIRD AG (RAVATAY TOUANTS 400 LNV 1SN
i S0 | e | s it 335 sk S W 1Y 3 MYSRIINNCD YERW DRMIE12313 #7H50 CNY SHL
DNKTIM IS TH O] QNS NOLYIINIOMN (INY 30 DVINOD T
ASEIA DL BOLIVAINGD TivWIXCaddY Iy SHOISH, “m._m . m
“ A LIVYING T
@

A L
HUNG NI \

| ANYL SO LYY IMIDN

[ Ny BTSNV NISTY

WNYE RO Ya NI




t -4 £ 8

1 ] 1 ]
P I T T ; =t A g auva LA vRAD DL JANS0HEI S0 | 80 ALBWI) GICHI 82501
oV o Tl o E ] 7 QansGRiYN 31 300 4S8 FIORIHL v 15 TIVRS N SEvogliva
3 W0 IO INGENC T HEILAM SS32 ] 3018 3L INCHEM
Qi¥S HOUYYANIDI ONY JOLDVINGD a o) . 7
i AVAYNOVW COLIN sl T INGYNEISN QIS ¥ LON 31 DIV INY 40 NV SO0
R i s O e LA L G
¥ Wy | gl 1l
T ne 1Al Raerady e W S e 5‘“0 Y - GANISIN Y 3O (BANGINION € 0 L2ATOMY GINKI] ¥ 204
- wet Jmuns 0 | aed et Ry INIBEY SV YOO AG A3 VeIl ITIANIS +0 INDWR SN
B ETTT P2 — = .Mmﬂdaumn.um.rnW=NQn HY 9 12YdaIHNNCD YIRW DROHIDTH 510 Chy SHL

Cabadi T SCISNE RT3 HOUY AN TTSE INY s DY NG T
FIYEA OLSOLLYRINOD LYWINUESDY 1av SNOSM

051 E N R
\:3_:.. E¥RE) TR :..5./
T S T
YA 10INGD m _ %H_
5
]
|
A
L e AQPIND D
. N
u) n , .A\‘Han_
—
vy
0519 4N
.u::“.:_z_i.:u/ u n
. |-Ll|— [ | | || 1

™ a ﬁ -

\ ) _/ i = % | _

KLU IF HON TR INGD N I m .
. = i 21 2

BV MLV NS T e A i e

AOLVUDY 40178 577

NIV IR




1 ' z L £ L4

¢ 9 ¢ 9
1 ! 1
e L ppe——— e e
o [ ol CILS o oo : 180y E 5
| 3IA SHEIIWOS s e S n T e e R ] VORID JO NSO N LM SK3XANT SOTd T INCHIM
1AL HOLLYEING 31 ONY ROLDYINGD 4 LT "INTRAEISH TFHINY ¥ LOH 41 AUV AU ANY 30 HOIYA00W
AR e = [E— = o G B o
: N SNOBNINE NG [4vd M 89 38038 404 3
1w # A0 RaN vy J Gl o L [T Shmo GANFTINSIY 30 OOINIION B I 153708 (TINEIC v 804
e e jarr= NI IEVORIIVM YOUBO AB A3¥VdTd TOABIS 3 LNTWNAITN
= TR S0 h = T s .ﬁw.ﬂi.;lm.‘-mmm:uﬁiﬂm NY 3 A IO YOS DRNOAID TN E3HI0 Cy SHL
Aoarce: L] =Rl i =
Q518 @M. Lok gN |
HOUDINRCD SIYNGENY A8 F w5 MNOUZAINND > B3LY A IIANTS
CSLE 9N P RN
24.3!%%%.%_%«%“&»“&“ \\\ \..illl\.znx_.:z_:vu ST TSwm

SNNG Il "OMATIN 36N IR OL G5 NOUYEINIOF ONY au_usumwdm

Tl W3diNers

$ ANV IS

! AMYLINNS

T NYL NOILYHINID 3y

D ANY1 NI VAINIDIY

rff.!.l{li.] RS

AL HISHYNL NGy

SHAGHNYT I T

WAV DY AOLIVINGD

9 )




1 z £

¥ [~ y] B
1 ] 1 1

Ny L e Y _EﬂHE LT h T N
o L T e etk 2 %Hﬂﬁ p DN FHYDRIIVM YOO D1 TUNS0ard S5O1 A0 AITEVITIAGHLR 10
T MALA DUINOS il R S I Fuvs HH«H% 4 R o QINGOMUTYNN 361 ¥ YR ITOS FHL LV Y TIVHS Dew THwoaliva
QIS NOI YNNI D3Y ONY NOLIVINGD e bip e — i) WORID IO INISHOD NALLEM SE3ddXT BCNad 3H) NGHIM
e ATSYRDYI OOLIW — DEMIN e INIWNHLSM CFHSING ¥ JOH 1 NCRWTIILIT ANV 36 NP A0

i IHYIVILWAR T R

LHIWISNYIAY TV HINID L

Euse Jondimu | asesy S‘to

LaVe, B AR R 4%

A0 1938 "LIIFOED JIHIO ANY NG AG 153 G3d 3L 40

SHOHSNILYA MO 18vd MEO FI0HM N 350134 204 WY UNS 39 OL

A | e

T A e kel h_I.l..l_ it ot (ot
o

Sipve
AT, A SRS

OANIEFASY A0 EAGIMION S 1 L D3MCHJ (TINGI0 v 804

] L] TG

fe el Try o NS BN

TN IEVIRALY A FOANO AT QR VT M THARTS 20 INIWRLSN

HY U IMYAIINNOD YERW DINDEIDTL #3400 Chy SHL

ST JUSVM NOLYAIN IO, VNG D oy -)m.

h
%

ARG ININE 5 \

gaie dM 1
NCHLTHEANCD [TURD J1Sv,

mLegN. |
MUHELINNG S 210y m mu_.)EJ

051 BN L
NESLDINSCYD Y HORYEY Y Y E(a/

0518 9N L
SOILDINRO I F I WM IDAREY
LYNIGRY S T 13VS

| [~ TR
s, oy, , =

LNyl N _ F _ o A= N _\.- i
AN E O 1303 R = | ==

4L MO VAN 305

-~

Nria) s esev ST

DNKIBT XKIEM) TR O ONS NOUYRIH 1S3 MY mo.uﬁzmm _

//on_.naz.b_

LTUNC HINUA

4O IOV JOLIFINGD




