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Introduction

The City of Longvie(City) and Beacon Hill Water and Sewer District (DistatiVashington State
developedthe Mint FarmRegional Water Treatment Plant (MFRWTP) which includes a new
groundwater wellfield, andtreatment facilities fo iron and manganese removiabm the source water
The Mint Farm supply began operating on January 31, 2828n thereafter, sme customers bgan
experiencing objectionable taste, odor and color of their drinking wateen thenew source was
introduced replacing the previous surface water supply systérhe City and Districtceivedextensive
customerinput and conductedvater qualitymonitoring, flushingdistribution systenice piggingand in
some cases, main replacement to address many of the concerns.

Most of the discoloration problems were addressed in 2013. However, concerns remained over taste
and odors and silica coating oragswareshowerheadsappliancesand other products the water
contactedand was allowed to dry upon

The taste and odor issues were identified as most likely the result of chlorinating organic nitrogen
compounds in the well water, and hydrogen sulfiéeersion fromLJ2 f @ & dzf FARS 02 Y L2 dzy R&
premise piping where reducing conditions may be present.

As a result,lie City and District decided to install a system to add dissolved oxygen to the water supply
to mitigate both the taste and odor isea and provide additional stability to distribution system pipe
scalng potential

To address thailica issues, the City and District requesteddternatives treatment strategies
evaluationincluding laboratory testinge conducted to determingotential solutiorsto reduce the
silicaentering into the distribution system from the groundwater supplypon discussiowith the City
and the Districtit was decided to conduct an evaluation of the following fiemtment alternatives:

1. Electrocoagulation

2. Aluminum precipitation
3. Lime softening

4. Reverse osmosis

5. lon exchange

Bench(Laboratory}estingusing water from the MFRW s conducted on the first four alternatives in
order towitness and documerthe effectivenesof each treatmenprocessand toprovide information

in order to determine the appropriatsizeof capital facilities and detenine on@ing O&M needs. lon
Exchange effectivenessid costs were developed using two ion exchange models developie by
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DOW Chemical Company and Purcéitel wae not bench tested Each of the alternatives are discussed
below.

Introduction to Silica Removal

The groundwater supply for the MFRWTP is provideddigr pumped fromthe underground

formation known as the Columbia River Basalt grotibis formatioris a large igneous formation that
underlies a large area of theaéific Northwest, including the Columbia River channel, in Oregon and
Washington Statés Siicon concentrations in the Columbia River Basalts are approximately 50% of the
minerals makeup.

Total silica measured in water isdither the reactive or colloidal formThe City of Longview has tested
for reactive silica and colloidal silica and has found that in the Mint Farm supply, all of the measureable
silica is in the reactive form.

The reactive portion of the total dissolved silicean be measured usirige standard molybdate
colorimetric test The reactive form is silicon dioxide dissolved in water, creating the compound
monosilicic acid (¥%iQ), as shown in Equation 1:

SiQ + 2HO HSIQ Eq. 1

dlica is relatively usionized at most natural pH levelsut can dissociate to43iQ-, as shown in
equation 2, at pH above 9.

pKa=[HsSiQ][H] = 9 to 10, depending on the silica concentration. Eqg. 2
[HsSiQ]

Monosilicic acidhttracts four additional water molecules beyond the two that make up part of the
molecular structure in the hydrated state. The struawaxists as shown in Figure 1.

HO « OH
H,0 + OH Si HO « H,0
!.
HO + H,0

Fgure 1. Monosilicic acid structure

The colloidal species is generally thought toefitber silicon that has polymerized with multiple units of
silicon dioxide, or silicon that has formed loose bonds with organic compounds or with other complex
inorganic compounds usually aluminum and calcium oxide structures.

Silicalreatment Options

Several technologies have been used for silica removal in industrial water appligaimhsome in

municipal applicationsTreatment systems to remove silica in municipal applications nearly always have

other treatment objectives like softening total dissolved solids reductiort KS / A& 2F [ 2y 3 DA
objective is solely the reduction in silica content, but some of the treatment options provide these

additional benefits.
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Thetreatment technologiesnvestigatedncluded electrocoagulatiort, filtration, precipitationiltration,
lime softeningreverse osmosigndion exchange. Each of these technologies has its benefits and
drawbacks as discussed below.

Electrocoagulation

Electrocoagulation has been used for several yearsvierse osmosisRQ pretreatment, cooling tower,

and produced water applicatiohs WaterTectonics, of Everett, WA also has optimized removal using the
addition of aluminum precpitatés Other vendors also provide equipment for EC treatment, although
WaterTectonics was couked due to their locale, and sites that have their system installed in SW
Washington.

Precitation

Sandia National Laboratorieecently tested a number gfrecipitatesfor silica removal in cooling

tower water, including aluminum sulfate,usthinum chbride, sodiummolybdate polyaluminum

chloride, magnesium chloride, lime softening and sodium aluminate. The results showed that several
precipitatescould achieve greater than 75% removal, as shown in Table 1.

Table 1
Sandia National Laboratory Silica &ripitants that achieved greater than 75% Removal

Precipitant Best % Silica Efficiency as ppm Optimizing Other Considerations
Removed SiO2/ppm Al Conditions

SodiumMolybdate* 95% 0.05 pH<4 Expensive

PAX 18 99% 0.43 pH8.0¢ 8.2 Proprietary, &rge NaOH

(Proprietary demand

polyaluminum chloride)

AICE** 92-98% 0.41¢0.44 pH 8.0¢ 8.2 Acidifying, NaOH demand

(Aluminum chloride)

NaAlQ 94% 0.47 pH 8.0-8.2 Slightly alkalizing, small

H.SQ demand

(Sodium aluminate)

*SodiumMolybdate andanother precipitate PAX1Qwere only tested on concentrated tower water, while data from other candidates comes
from tap water. Larger amounts of S&e available for capture from tower watefPAX10 did not remove more than 50% of the silica)

*The efficiency range for AICI3 reflects difference between alkali pretreatment (pH >11) or not, with the pretreatment givimdyatstitger
outcome

Lime Softening

Lime softening has been widely used in industrial applications, primarily for cooling toweo#ed

feed applications. In lime softeningjlica is removed by adsorption onto magnesium precipitates, which
generally occur at higher pH (above 10.5, and often require addition of a magnesium %oditvemost
efficient way to add magnesiumtisrough the addition of magnesium chloride.

Revers€smosis

Reverse osmos{®ROWworks effectively for silica removal for botiolloidal and reactive forms.
Membrane fouling is an issue above 200 ppm in the concentrate, so multiple stages are difficult to
implement, and the concentrate volumes are often large (20 to 30% of the feed rate).
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lon Exchange

lon Exchange has been used effectively for silica refmogilica can only be removediinionized

state, so pH adjustmerabove 9.5s required. Strongbase anion exchange resin in the hydrogen form is
the most effective means of removaRemoval efficiencies and selectivity are similar to bicarbonate
alkalinity. A specific type of two stage ion exchange has been developed, and it is referred to as a
desilicizer.An anion desilicizeconsiss of a strong cation exchangesinin the sodium form (a water
softener) followed by a stronigase anion exchangesinin the hydroxide form.Demineralizers are also
used for silica removal. Each type of ion exchange is subject to resin foulingificaand can
experiencechromatographic peaking as sulfate, nitrate, chloride or other more selective anions displace
the silica.

Bench Testing

Bench testing of Electrocoagulatidrime Softening, Precipitation, and flow through testing of Reverse
Osmosis membranesising water collected from the Mint Farm, and their abilities to remove Sifca
discussed belowBased on the previous water suggrom theFishers Lane Water Treatment Plant
where Silica content was approximat@@to 25 mg/L, the goal set for thesteatmentevaluations was

to obtain a 50 to 75ercent reduction of Silicdelivered fromthe Mint Farm supply system. This meant
the goal of Silica content after treatment would béto 28 mg/L

ElectrocoagulatioBench Testing (by Vendor)

Electrocoagulation has been used extensively in water treatmenhfoing water treatment, oil and

gas produced water, industry process, indisgtwastewater and stormwater applications, but there are
very few municipal installations that use electrocoagulation for drinking water treatmig@atause of
that limited experience, the City contracted with a leading electrocoagulation company; Weteinicss,
of Everett, WA to conduct bench testing and help in develofapjtal andOperations and

Maintenance (&M) costs for this option. Their testing report is included as Attachment A to this
technical memorandum.

WaterTectonics (WTgstingusedabenchtop EC unit, using aluminuf@L)anodes. In addition, WT

checked the EC results usiclgemical precipitation with multiple aluminum based coagulan®&aw and

filtered water samples were obtained from the City of Longview for the testing.nbiilter (mL)

samples were tested using batch treatment laboratory scale EC at a constant current and varying

treatment times. WT calculated theoretical Al doses based on their EC treatment conditions. Chemical
precipitation was conducted in a similar meer. TheLJl 61 & O2NNBOGSR (G2 GKS [/ A
approximately 7.7. Rapid mixing and flocculation were simulated in the 500 mL sample jars, then the
samples were allowed to settle and the supernatant was filtered using 8 micron filter paipere B

shows the results of the EC silica reduction of treated waégure 3 shows the comparison of the EC

resultswith multiple precipitates used by WT
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Longview Filtered Water Silica Reduction with Al EC

=@=—Filtered Al EC w/o pH adjust

—@—Filtered EC pH 8

Silica (mg/L)
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Theoretical Al dose (mg/L)

Figure 2-WaterTectonicsBench Scale EC treatment of Longview Filtered Water for SilicztiBtedu

Longview - Silica Reduction by Al EC and Al Chemistry
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Figure3 —WaterTectonicsBench Scale E@d Chemicatreatmentcomparison

The results indicate that EC was more effective t@aemicalPrecipitation when comparing them on
the basis of Aluminum dose. The EC treatment also did not require pH adjustment as the chemical
treatment alternatives did.

The silica goahs shown as the green dashed lareFigure3, represents approximately a086 reduction
in silicafrom the Mint Farm systembut the testing clearly shows the#émoval of 75% or greater can be
obtained.

CH2MBenchresting

CH2Malsoobtained samples of raw water and filtered water from thiént Farm system Raw water
was used for testinthe lime softening and precipitatiooptions, whereas théltered water was used
for the reverse osmosis flow through testing.

Water Characterization
The characterization of raw and filtered watexrs currently treatedis shown in Table 2.
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Table 2.Mint FarmRaw Water and Filtered Water Characterization

Parameter Units REVANEICT Hltered Water
Barium pg/L 13.6 19.8
Boron pg/L <100 U 29.3J
Calcium pg/L 33,000 30,400
Iron po/L 957 <10.0U
Magnesium pg/L 9,140 8,770
Manganese po/L 630 0.41J
Potassium pg/L 3,960 4,110
Total Silica po/L 56,900 54,300
Reactive Silica pg/L 59,000 S 68,000 S
Sodium po/L 11,700 14,400
Strontium po/L 93.2 92.5
Hardness, Ca mg/L as CaGO 82.4 75.9
Hardness, Mg mg/L as CaGO 37.6 36.1
Hardness, total mg/L as CaGO 120 112
Alkalinity, total mg/L as CaGO 47.3 102
Alkalinity, bicarbonate mg/L as CaGO <5.00 U 102
pH Units 7.45 7.5
Turbidity NTU 3.78 0.31
Conductivity uS/cm 296 305
Total Dissolved Solids mg/L 211 223
Ammonia mg/L-N 0.16 <0.10 U
Nitrate mg/L-N <0.010 U 0.0098 J
Nitrite mg/L-N <0.010 U <0.0030 U
TKN mg/L-N 0.52 0.26
Chloride mg/L 28.4 32.2
Sulfate mg/L 1.08 1.18
Fluoride mg/L <0.20 U 0.19J
TOC mg/L 1.52 1.04
Hardness, Ca mg/L as CaGO 86 80.0
HardnessMg mg/L as CaGO 32 28.0
Hardness, total mg/L as CaGO 118 108

J | = Estimated value below reporting limit.

S Reactiv&ilica is a wet chemistry method that is not as accurate as the method for
TotalSilica. These results indicate that essentially all ofSlieaTistal the reactive or
ionized form.

U ' = Not detected at specified detection limit.

LaboratonyMaterials

Reagents used in the bench testing areluded in Attachment Balong with # of the bench testing
results conducted by CH2M. Bench tests were conducted using 2 liter cells and a Phipps &gBingd six
Jar Tester. Rapid mixing was simuthibsing 300evolutions per minuteRPM for 1 minute. Three
stage focculation was simulad at 60, 40 and 20 RPM for 10 minutes per stage. cklation
observations and photos aredluded in Attachment B.

Lime Softening

Figure 4 shows the results of lime softening jar tests without magnesium chloride addition. Silica was
slightlyremoved apH increased from 10.2 to 11, but none of the resalthieved50% or 75% removal.
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Figure 4, Silica removal vs pH of lime softening, no magnesium chloride removal

The second set of jdests was performed with lime softening at pH 11 and the additibB0 mg/L of

magnesium chloride as magnesium. The mixing was varied from 15 minutes to 120 minutes. Figure 5

shows the silica concentration for the various mixing timéke figure shows that lime softening with

magnesium chloride reduced silica byledst 50% after 30 minutes of mixing time, but even with 120

minutes of mixing, 75% removal was not achiev@dh Y A a KSR ¢ G SNJ LI ¢l & OF f Odz |
software with carbon dioxide reduction. The resulting softened water at pH 7.8 was approxid@tely

mg/L as CaCGQwhich represents a 33% reduction from the raw water.
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Figure 5. Reactive silica with lime softening and magnesium chloride addition, various mixing times

Precipitation

Jar tests were conducted using sodium aluminate and aluminumtes\fiiaum). The best results were
obtained with pH adjustment to approximately 8.0 to 8.2. Figure 6 shows the precipitation results for
alum and sodium aluminateThe sodium aluminate reduced silica by more than 75% for each of the
three doses shown (480 and 120 mg/L asl)A The alum significantly reduced silica, but not as
effectively as sodium aluminaté&sodium aluminate increases pH, so pH reduction was accomplished
with sulfuric acid. Alum lowers the pH, so pH adjustment was conducted withrsddidroxide.
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Sodium Aluminate and Aluminum Sulfate Precipitation Results
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Figure 6. Silica levels with Precipitation using Aluminum Sulfate and Sodium Aluminate with pH adjustment

Reverse Osmosis

Reverse osmosis was tested using a flow through RO skid, shown in Figine RO membrane was a
Hydronautics model ESP2840 cartridgeThis membrane is a low pressure RO membrane, typically
used for brackish water treatment. Typical feed pressare200 to 300 psi. The molecular weight

cutoff for this membrane is 50 dalts, so it is expected to remove silica, but may not remove sdlte
reactive silica antbtal dissolved solidsTD3in the Feed watergre-RCfiltered water from the Mint

Farm WTR Permeate jost-ROfinished water to customers) and th@ncentrate (vaste stream), are

shown in Figure 8. A comparison of water quality for each of the three RO water streams is included in
Table 3. The RO membrane essenljaiemoved all of the silica from the feed stream, and all of the TDS.
The RO membrane was opegdtat a 61% recovery rate. This recovery rate means that 39% of the feed
water was expelled as concentrate, or as a waste stream. In some low salt RO applications the recovery
rate can be much lower, however with silica there are concerns over membratiedpand this

recovery rate would also be expected at full scale.
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Figure 7. Flow through RO Skid with Hydronautics ESP4SD RO cartridge

Reverse Osmosis Treatment
Reactive Silica & TDS

b
o
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300 4 OReactive Silica
] oTDS

223

Concentmgdt i on

68.0
86.9

1.18
<4.20U

Feed Permeate Concentrate

Figure 8. Silica and Total Dissolved Solids for Reverse Osmosis feed, permeate and concentrate streams
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Table 3. Comparison of RO Feed Water, Permgarel Concentrate Streams

RO Permeate RO Concentrate
61% Recovery 61% Recovery

RO Feed
61% Recovery

Parameter Units
Barium pg/L
Boron pg/L
Calcium pg/L

Iron pg/L
Magnesium pg/L
Manganese pg/L
Potassium pg/L

Total Silica pa/L
Reactive Silica pa/L
Sodium pa/L
Strontium pa/L
Hardness, Ca mg/L as CaGO
Hardness, Mg mg/L as CaGO
Hardness, total mg/L as CaGO
Alkalinity, total mg/L as CaGO
Alkalinity, bicarbonate mg/L as CaGO
pH Units
Turbidity NTU
Conductivity uS/cm
Total Dissolved Solids mg/L
Ammonia mg/L-N
Nitrate mg/L-N
Nitrite mg/L-N
TKN mg/L-N
Chloride mg/L
Sulfate mg/L
Fluoride mg/L
TOC mg/L
Calcium mg/L
Magnesium mg/L

10

J | = Estimated value below reporting limit.

19.8
29.3J
30,400
<10.0U
8,770
0.41J
4,110
54,300
68,000 S
14,400
92.5
75.9
36.1
112
102
102
7.5
0.31
305
223
<0.10 U
0.0098 J
<0.0030 U
0.26
32.2
1.18
0.19J
1.04

32.0
6.80

<0.25U
21.2 ]
<200 U
<10.0 U
52.2J
<0.025 U
300J
1,190
1,180 S
1,160
<2.50 U
<0.50 U
0.21
0.21
<5.00 U
<5.00U
7.9
0.15
8.16
<4.20U
<0.10U
<0.0028U
<0.0030 U
0.24
0.89
0.72
0.065 J
<0.20U

0.40
<0.24 U

68.2
37.3J
82,500
<10.0U
22,900
1.23
10,500
145,000
86900 S
35,200
238
206
94.3
300
251
251
7.0
0.49
749
546
<0.10 U
0.014

<0.0030 U

0.79
84.8
3.04
0.51
2.56

84.9
18.5

S =ReactivSilica is measured through wet chemistry and is not as accliciadSisshe
test. ReactiBiica is used to determine how mucafalBaica is ionized.

U | = Nodetected at specified detection limit.
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Conceptual Designs and Cost Estimates

The current Mint Farm WatdRegional Watelreatment Plant process flow diagram is shown in Figure
9. Conceptual designs and cost estima#es provided hereirior the following treatment options:

Electrocoagulation
Aluminum precipitation
Lime softening
Reverse osmosis

lon exchange

arwdNE

Each of these optiongalong with modified process flow diagrams to show how the opstéare
integrated into theexistingMint Farmplant, are discussed belown order to evaluate all of the options
on an even platform, several cost assumptions have been made and are applied to each option.

EXISTING MINT FARM WTP SCHEMATIC

FUTURE
FILTER
VESSELS

ADJUSTMENT

PH

¢— CHLORINE

le—

|

WELL%4) -I-Ek

TO WATER
DISTRIBUTION

44— CHLORINE

44— FLUORIDE

>
MEDIA FILTERS

BLOWERS

BACKWASH
RECYCLE
.
D ,
\J

SLUDGE TO
WASTEWATER
TREATMENT
PLANT

BACKWASH
RECYCLE
BASINS

Figure 9.ExistingMint Farm RegionaWater Treatment Plant Process Schematic
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Electrocoagulation

WaterTectonics provided capital equipment costs, which are included in Attachiéifie modified
process flow diagram is shown in Figure N&w equipment includes:

1 Twelve electrocoagulation cells (10 online and 2 redundavitjch wauld be housedn anew
CMU building

Twelve power supplies

An inline (in pipe) rapid mixein a CMU building

Two trains of flocculation basswith 30 minutes of hydraulic residence timsovered

Two trains of high rate clarifiers using lamella platesered

In plant pump station in a CMU building

Sludge thickeneand dewatering (centrifge with polymer feed) in a CMU building

=A =4 =4 -8 -8 -9

ELE CTRO-COAGULATION MODIFICATIONS
TO THE MINT FARM WTP SCHEMATIC

ADJUSTMENT

P

— CHLORNE
le—

«— FLUORDE
€— CHLORINE

TOWATER
DISTRIBUTION
SYSTEM

AL

SLUDGE
THICKENER

| ELECRO- | o
| COAGULATION | T FUTURE
i ANDPOWER | FILTER
! SUPPLES VESSELS
MXERS MEDIA ALTERS
FLOCCULATION
B PUMP
WELLS (4) STATI BLOWERS
BACKWASH
RECYCLE

©)

DRIED SOLIDS
TO LANDFILL
BASINS

CENTRIFUGE

Figure 10. Electrocoagulation Modification to the Mint FafegionaWater Treatment Plant
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Precipitation

The precipitatiormodification for silica is shown in Figure 11, and includes the following modifications.

1

=A =4 =4 -8 =9

A new chemical feed building (CNduilding) with sodium aluminate and sulfuric acid feed
systems

An inline (in pipe) rapid mixer, in a CMU building

Two trains of flaculation basiawith 30 minutes of hydraulic residence time, covered
Two trains of high rate clarifiers using lamella plates, covered

In plant pump station in a CMU building

Sludge thickener and dewatering (centrifuge with polymer feed) in a CMU building

PRECIPITATION MODIFIGATIONS TO THE
MINTFARM WTP SCHEMATIC

£
FUTURE
FILTER
VESSELS

ADJUSTMENT

§338 3 E L e
i L R
. E] ]
J. J. .L \ T l i
TOWATER
‘ | \\\\\\\\\ ! DISTRIBUTION
i SYSTEM
MIXERS MEDIA ALTERS
FLOCCULATION e
STUTON cuariFiErs ” .
WELLS (4) STATION, BLOWERS
SLUDGE
BACKWASH THICKENER
RECYCLE P
D
O

BACKWASH
RECYCLE
BASINS

DRIED SOLIDS
TO LANDFILL

GENTRIFUGE

Figure 11. Precipitation Modification to the Mint Farm Water Treatment Plant
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Lime Softening

Lime
1

1
1
1

WELLS (4)

14

softening modifications are shown in Figure 12 and include the following modifications:
A new chemical feed building (CMU) with lime, soda ashnaaghesium chloride feed systems
Two centerfeed, upflow, sludge contact clarifiers
In plant pump station in a CMU building
Sludge thickener and dewatering (centrifuge with polymer feed) in a CMU building

LIME SOFTENING MODIFICATIONS TO THE
MINT FARM WTP SCHEMATIC
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Figure 12, Lime Softening Modifications to the MiFarmRegionaWater Treatment Plant
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lon Exchange

lon exchange modifications to the Mint Fakiater TreatmentPant are shown in Figure 18nd include
the following:

9 Cation and anion exchange softeners
1 Regeneration equipment for salt and sodium hyxide
1 Well pump modifications

It is assumed that the ion exchange system will be a pressure filter sysiquaingmaodifications to
the well pumpsgo provide anadditional 50 feet of total dynamic head,gteby not requiring
intermediate pumping In addition, this alternative assumes the liquid regeneration wastebwill
conveyedo the sanitary sewer (TDS of the waste stream is estimated at 15,000.mg/L

H SALT :
+ REGENERATION

VESSELS

IONEXCHANGE MODIFICATIONS TO THE
MINT FARM WTP SCHEMATIC

AR

FUTURE
FLTER
VESSELS

3

HYDROXICE |
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fe— FLuoRie
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TOWATER
$ DISTRIBUTION
SYSTEM

FUTURE
SURGE TANK VESSELS

SLUDGE
BACKWASH THICKENER
RECYCLE b
Ny

BAGKWASH
RECYCLE
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DRIEDSOLIDS
TO LANDFILL

CENTRIRUGE

Figure 13. lon Exchange modifications to the Mint Farm WaRegionalTreatment Plant
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Reverse Osmosis

The reverse osmosis modifications to the Mint Farm water treatment plant are shown in Figure 14, and

include:

1 Single Stage, Low Pressure RO, with clean in place system, energy recovery, and in plant pumping
system, &ed for 9 mgd paneate(12 mgd) feednd blended 75% RO water with 25% filtered water
in a CMU building.

1 A discharge pipe, and outfall to the Columbia River, which will require a new NPDES discharge
permit.

1 A sodium bisulfite feed system for alorination prior to the RO syan.

REVERSE OSMOSIS MODIFICATION TO MINT
FARMWTP SCHEMATIC
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SYSTEM |
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Figure 14. Reverse Osmosis Modifications to the Mint F&tegionaMWater Treatment Plant
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Cost Estimates

Cost estimatesvere preparedor each of the five alternatives for silica removal:

1.

2
3.
4.
5

Electrocoagulation
Aluminum precipitation
Lime softening
Reverse osmosis

lon exchange

Capital costs are presented first, followed by annual operations and maintenance costs (O&fkrand
a20-year lifecycle cosissesment.

Capital Cost Estimates

Cost assumptions for all alternatives

The following cost assumiphs are provided for all options. Cost Estimagddils are shown in
Attachment C

1

=4 =4 -8 -8 —a 9

= =

= =4

All facilities are housed in a CMU Building, except for flocculation and clarification facilities,
which are concrete basins with building covers on top of the basins.

Capital facilities are sized for 12 mgd.

Capital and O&M costs are developed in March 2017 dollars.

The construction cost index for Vancouver, Wasused (98.1% of national average).

Tax has been included atl86 of the construction subtotal.

Equipment istallationwasassumed to be 25% of the equipment purchase cost.

Contractor markups are a total of 18% of the construction subtotal, and include mobilization,
bonding and insurance (5%), profit (5%) and overhead (8%).

Contingency is estimated at 25% of tlo¢al construction cost.

Engineering, Services during construction, commissioning and start up are estimated at 20% of
the construction cost including contingency.

Capital cost financing is based on 20 years with an annual percentage rate of 4%.

Ground inprovements usingreloadingwas assumed to be required atast of $500,000 for
each alternative.
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Capital cost estimates are summarized in Tdbl®etailed Cost estines are included as Attachment
C

Table 4. Capital Cost Estimates for Mirarm Water Treatment Plant Modification®r Silica Removal
Treatment Alternative Electro Precipitation Lime lon Exchange Reverse

coagulation Softening Osmosis
Preloading 500,000 500,000 500,000 500,000 500,000
Well Pump Modifications 700,000
Electrocoagulation 5,665,000
Rapid Mix 550,000 550,000
Flocculation 698,000 698,000
Clarifier 2,317,000 2,317,000
Chemical Feed 905,000 1,792,000 301,000
lon Exchange 9,110,000
Solids Contact Clarifier 1,702,000
Pump Station 777,000 777,000 777,000
Reverse OsmosiBumps System 14,661,000
Sludge Thickener 844,000 1,147,000 1,409,000
Dewatering 4,226,000 4,320,000 4,691,000
Outfall, Transmission 393,000
Subtotal 15,577,000 11,214,000 10,871,000 10,310,000 15,855,000
Contractor Markups (18%) 2,804,000 2,019,000 1,957,000 1,856,000 2,854,000
Contingency (25%) 3,894,000 2,804,000 2,718,000 2,578,000 3,964,000
Tax (81%) 1,262,000 908,000 881,000 835,000 1,284,000
Construction Subtotal 23,537,000 16,945,000 16,427,000 15,579,000 23,957,000
Location Adjustment Cost
(98.1% of Construction Subtotal) 23,090,000 16,623,000 16,115,000 15,283,000 23,502,000
Design, SDC, Staup (20%) 4,618,000 3,325,000 3,223,000 3,057,000 4,700,000
Total $27,708,000 $19,948,000 $19,338,000 $18,340,000 $28,202,000

* - See Detail provided in Table 5

¢KS OFLRAGIE O2aida ¢ uBneRSEsCektitnatiBgRysiri. ATieost estimateQ &
utilize materials estimates for each unptocess as shown in Attachment The cost estimating program
does not include unit processes for Electrocoagulatibaereforea User Defined tab was developed for
this unit process. ThEectrocoagulation capital cost estimate includes the sumntasts shown in

Table 5which includes informatioprovided by WaterTectonicsln addition, the electraoagulation
process produces less solids, so the gravity thickener and dewatering unit pcos¢ssere reduced.

Table 5 Summary Costs for Electroagulation Unit Process

Cost Item Cost Estimate*

Excavation, Foundations and Siteork $12,000
Concrete for foundations and floors 92,000
Masonry (CMU) Building 780,000
Electrocoagulation Cells and Power Supplies 2 650.000
(mid-point of high and low estimateprovided by WaterTectonics) U

EC Cells and Power Supplies Installation (25%) 663,000
Instrumentation and Control 280,000
Conveying Systems (Crane) 4,000
Mechanical 620,000
Electrical MCC Panels 286,000
Allowance for Miscellaneous items 278,000
Unit Process Total $5,665,000

* Costs are rounded to the near@80$1
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Annual O&M Costs

Annual O&M costs were calculated based on the following assumptions:

The average water treatment plant flow used was 4 mgd.

One additional Full Time Equivalent operator would be require@é#oh alternative

One FTE cos$#08000 per yeam wages and benefits.

Power costs were calculated at $0.08/kwh

Consumable costs were provided for the EC anodes and the RO membranes only.
Chemical costs are the same for each alternative which use chemicals.

All other items were expected to last through the 20 year life cycle.
ElectrocoagulationEQ consumables are based on costs pdaal by WaterTectonics & unit cost
of $11,021per unit, and a consumption rate of 0.43/3 = 0.143 per day

RO membranes replacement was estimated every 5 years at a total cost of $2,200,000
Hauling and disposal of solids was calculated at $75 per ton

Solids content of residuals was assumed to be 50%

=4 =4 =8 =4 -8 -8 -8 -4

=A =4 =9

Chemical costs and doses were calculated as shown in TaBllendlal O&M Cost estimatdsr the first
yearare provided in Table 7.

Table 6 AnnualChemical Cost and Doses for Each Treatment Alternative

Chemical Name Electro Precipitation Lime [fo]] Reverse
coagulation Softening Exchange Osmosis

Sodium Aluminate,

as Al $1,692 Dose, mg/L 40
Cost pelyr $618,000
Sulfuric Acid $392 Dose, mg/L 98 20
Cost peryr $507,000 $151,000
Sodium Hypochlorite . $2,213 Dose,mg/L 2.5
Cost pelYr $107,000
Carbon Dioxide $59 Dose, mg/L 80
Cost pelYr $70,000
Sodium Hydroxide $1,226 Dose, mg/L 113 25
Cost peryr $2,671,000 $591,000
Lime, Hydrated $331 Dose, mg/L 80
Cost peiyr $510,000
Soda Ash $298 Dose, mg/L 50
Cost per Yr $287,000
Magnesium Chloride $845 Dose, mg/L 199
Cost per Yr $3,241,000
Sodium Chloride $110 Dose, mg/L 133
Cost per Yr $282,000
Sodium Bisulfite $1,090 Dosemg/L 2.5
Cost per Yr $53,000
Total Chemical Cost Per Yd&017) $0 $ 1,125,000 $1,125,000 $4,108,000 $2,953,000
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Table 7. Annual O&M Costs for Silica Removal Alternati{z&l7)

Alternative Electro Precipitation LimeSoftening  lon Exchange Reverse
coagulation Osmosis
Power Cost $159,000 $1,000 $2,000 $2,000 $33,000
Labor Cost 108,000 108,000 108,000 108,000 108,000
Chemical Cost - 1,125,000 4,108,000 2,953,000 902,000
Consumables Cost 577,000 - - - 440,000
Residuals Disposal Cost 59,000 77,000 105,000 255,500
Total AnnualO&M Cost $903,000 $1,311,000 $4,323,000 $3,319,000 $1,483,000
Life Cycle Costs

Life Cycle Coster operating the system for 20 yeaase presented in Table 8This analysis includes the
assumption that City/District would finance the new treatment 26r yeas, with afinancing of the

capital cost at 4% interest, and inflatioate for the O&M costat 3% andassuming no increase in
water demandadditionaltreatment needs) As shown, e lowestalternativelifecycle costs
Precipitation,althoughthe lifecycle cost foBectrocoagulation is essentially the same.

Table 8. 20 Year Life Cycle Costs for Mint Farm Modificati®@ilgca Removal

Alternative Electrocoagulation Precipitation Lime Softening lon Exchange Reverse Osmosif

Annualized Capital Cost $2,039,000 $1,468,000 $1,423,000 $1,349,000 $2,075,000

Annual O&M Cost 903,000 1,311,000 4,323,000 3,319,000 1,483,000

20-Year Life Cycle Cost $65,044,000 $64,587,000 $144,621,000 $116,163,000 $81,349,000

Monthly cost per ER\¢

(Year ) $12.32 $12.23 $27.39 $22.00 $15.41
azyiKfte Oz2aita LISNI9w! INB o6FasSR 2y | G2GFtf 2F wWuInnn 9w! Q&

Evaluation Criteria

Toprovide a decision model, avaluationmethod usingnon-financialcriteria was developed. The
criteria andweighting factorswere providedby the Cityand Districtstaff. Evaluations werscoredby
CH2Mstaff. Thecoreevaluation criteria and weightingae shown in Table 9.

Environmental criteria were weighted as eight percent of the total wad comprised ofhemical use,
waste streams, and resources wastecarbon footprint Economic Criteria was weightedtaenty

seven percenbf the total andincluded capital, annual O&M, and customer affordability. Water Quality
Aesthetics andHealth was weighted at thirty five percent of the total and included silica reduction,
hardness eduction, and secondary impacts. Technical criteria was weightedrit percent of the

total and included operability and reliability of the process, safety, distribution system impacts, and the
overall footprint or site impact.
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Table 9 Evaluation Criteriaeand Weightingfor Silica RemovalreatmentOptions

No. Evaluaton Criteria Weighting
Factor
Environment 8%
a. Chemical use 2%
b. Waste streams, solids handling, disposal methods (Columbia River outfall) 4%
c. Resource wastewater use/inefficiency (RO), electricity (double pumpimgybon 2%
footprint
a. Capital Cost 8%
b. O&M Cost 8%
c. Rate impacts (ability to fund) 11%
a. Silicareduction 25%
b. Hardness reduction 5%
c. Secondarypenefit or detriment (chloramine removal vs. mineral stripping) 5%
a. Operability & Reliability (proven technology) 10%
b. Safety 5%
c. Distribution system impacts 5%
d Ability to add WTP and/or silicemoval capacity; Wellfield encroachment 10%

Evaluation of the Alternatives

Alternatives were rated 1 to 5 for each evaluation criteria. 1 was the worst outcome and a rating of 5
was the best outcomeThe results of the evaluation are summarizedable 10 Electrocoagulation

was rated highest for chemical uffer lack thereof) followed byPrecipitation andReverseOsmosis.

Lime softening antbn Exchange were ranked the lowest.

For waste streamdectrocoagulation andPrecipitation were rated the highest. Lime softening dod
Exchange were rated lower because of large amounts of sludge and regeneration waste, respectively.
Reversédsmosis was rated the lowest.

For efficiency, the ratings were similarttee waste steams ratings with the exception ofon Exchange
which got a slightly higher rating since most of its regeneration waste is salt or chemical and not water.

Capital costs, O&M costs and rate impacts were rated based on their actual costs, discussedlprevious

Silica reduction ratings were based on the testing conducted, with the exception Bkchange, which
was rated based on experience wltn Exchange and demineralizati@ystems at full scale operations.

Hardness reduction was also based on thditgsresults, and fulkcale experience fdon Exchange.
Secondary benefits were rated highest ime Sftening andReverseOsmosis, based on the removal

of organic nitrogen and other materials during pilot testing (note at full sé&eerseOsmosisvould
includea 25% bypass, so some raw water minerals would still be presentExtbiange was rated the
lowest, because the process would include the replacement of calcium and magnesium with sodium.

Electrocoagulation was rated the highest for sgfdtasedorimarily on the reducedamount of
chemicals required, compared to the other options.

Distribution system impacts were very similar to the secondary benefit scores.

Footprints(building sizesyvere rated based on their conceptual design footprints
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Table 10g Evaluation Ratings (5 is best, 1 is worst)

No. Evaluation Weighting Electrocoagulation Precipitation Lime lon Reverse
Criteria Factor Softening Exchange Osmosis
1 | Environment 8%
a. Chemical use 2% 5 3 2 2 3
b. Waste 4%

streams, solids

handling, disposal

methods (Columbia

River outfall)

c. Resource 2% 4 4 2 3 1
waste- water

use/inefficiency

(RO), electricity

(double pumping),

carbon footprint

IEY I T N S [ A —

a. Capital Cost 8%
b. O&M Cost 8% 5 4
c. Rate impacts 11% 4 4 1 2 3

(ability to fund)

wQ 35%
Aesthetics/Health

a. Silica 25%

reduction

b. Hardness 5% 1 1 3 4 4
reduction

c. Secondary 5% 3 3 4 1 4

benefit or detriment
(organic nitrogen
removal vs. mineral

stripping)
SRR N I I N —
a. Operability & 10%
Reliability (proven
technology)
b. Safety 5% 4 3 3 2
c.  Distribution 5% 3
system impacts
d. Ability to add 10% 4 4 3 4 3

WTP and/or silica
removal capacity;
Wellfield
encroachment
impact

The individual ratings were then multiplied by their weightfagtor to provide a weighted score. The
combinedweighted scores are shown in Figure &3mmarized by each category of evaluation criteria.
Figure 15 also includeke cost per equivalent residential unit (ERU) per month.
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Figure 15: City Longview, WA
Evaluation of Silica Removal Alternatives, Combined Weighted Rankings
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ELECTROCOAGULATIPRECPITATION LIME SOFTENING ION EXCHANGE REVERSE OSMOSI
Silica Removal Alternative

m Environment ®= Economic = Water Quality = Technical

Design Criteria and Plant Layout for TopAlemnatives

As Electrocoagulation and Precipitation are both the lower cost and highedimanrcial ranked

alternatives, these two options were taken to the next step of further evaluatitable 11 listthe
preliminary design criteria for the silicamoval facilitiesusing Precipitation or ElectrocoagulatioBoth

the precipitation and the electrocoagulation alternatives share the same design criteria for rapid mixing,
flocculation, clarification, pumping and solids handling.

Table 11¢ Preliminary Design Criteria for Silica Removal Facilities, Initial Capacity 12 MGD, Expandable to 18 MGD

Item Precipitation Electrocoagulation
Rapid Mix, Flocculation and Clarification

Rapid Mix, No Trains 2 2

Mixer HP, each 10 10

Velocity Gradient, G séc 2,000 2,000
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Item

Mag meter, No

Flow control Valve, No.

Hoist, No

Buildingfor Rapid Mixing
Flocculation Trains, No
Hydraulic Detention Time, min
Stages, No.

Flocculator, Type

Coverfor Floc Basins

Lamella Plate Settler, No Trains
Plate dimensions

Plate loading rate, gpm/sf
Sludge Collector, No.

Side Water Depth

Cover

No. ChemicalsAdded

Sodium Aluminate Bulk Tanks, No.
Sodium Aluminate Chemical Pumps, Nc
Sodium Aluminate SolutioBtrength
Storage at average flow, Days
Sulfuric Acid Bulk Tanks, No.
Sulfuric Acid Chemical Pumps, No.
Sulfuric Acid Solution Strength
Storage at average flow, Days
Electrocoagulation Building

No. of Power Supplies

No. of Electrocoagulation Cells
Building Size, Sq ft

Gravity Thickener, No

Sludge Depth, ft

Clearwater Depth, ft
Diameter, ft each

Loading rate, gpd/sf

Influent solids conc., %
SludgeBuilding sq ft
Centrifuge, No

Inlet Sludge Concentration, %
Dewatered Cake, % solids
Polymer Dose, Ibs/ton
Polymer Storage
PolymerStorage at average flow, days
Truck lane, length x width

No. Pumps

Capacity, Each

Total, Dynamic Head, Ft
Pump Station Building

A general arrangement d#cilities is shown on Figure 16 for the precipitation alternative. Figure 17

Precipitation Electrocoagulation

1 1
1 1
1 1
CMU, 880 SF CMU, 880 SF
2 2
20 at max flow 20 at max flow

2 2
Vertical Paddle Wheel Vertical Paddle Wheel
Roof Shelter, 1800 SF Roof Shelter, 1800 SF

2 2
MnQ E pQ MnQ E pQ
0.3 0.3
1 per train 1 per train
Mp Q Mp Q

Roof Shelter, 6,300 SF
Chemical Building

Roof Shelter, 6,300 SF

2
2¢cMHQ 0é& wmcC
2
48%
36
2
2
93%
40
12
12
5,000
Solids Handling
2 2
5 5
10 10
55 55
300 300
0.25% 0.25%
CMU, 860 Sq ft CMU, 860 Sq ft
2 2
3% 3%
25% 25%
10to 20 10to 20
3¢ 400 gallon totes 3¢ 400 gallon totes
40 40
TnQ E HANQ TnQ E HAQ
Pump Station
3 3
6 mgd 6 mgd
60 60
CMU, 600 sq ft CMU, 600 Sq Ft

shows the general arrangement for the electrocoagulation alternative.
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Recommendation

It is noted that theHectrocoagulation andPrecipitation alternativetreatment processs haveweighted
rankingsand costs that are essentially similar. Hnecipitation alternative has been used extensively
by municipal systems to treat multiple types of water, and by many industries specifically for silica
removal. TheéPrecipitation alternative, however, requirgaore chemicals for treatment than does the
Hectrocoagulatioroption.

Electrocoagulation applications in municipal systems are very rare. The National Sanitation Foundation,
which is the organization that certifies elements and chemicals used inmlyimkater treatment as safe,

does not even have a category developedHerctrocoagulation. The Washington State Department of
Health Drinking Water Progra(@/DOHWwill require NSF or ANSI certification of all elements used in the
water treatment plant that are in contact with drinking water. Obtaining ANSI or NSF certification is not
viewed as a fatal flaw, because it is believed that certification could be obtaitibdugh it would take

time to acquire such statusRather, the lack of certificatiorechonstrates howelatively newthe
Electrocoagulatiotechnologyisto the drinking water industry Further, Electrocoagulation has not

been used in the capacity needed for the Mint Farm system. If Electrocoagulation were chosen, this
would be the largst application developed

It is our recommendation thaf the City and District wish to further evaluaiectrocoagulation

treatment, that significant due diligence should be performed before proceeding with design of this
alternative. Large scale indusal sites should be visited, a plan for ANSI/NSF certification should be
developed by one or more potential equipment suppliers, as well as obtaining an understanding of how
the equipment suppliers will scale up equipment from their traditional markepilot test would also

be recommended for longer term demonstration@Bé&ctrocoagulation performance.

Predpitation could proceed directly to a project report fdfDOHapproval followed bylesign of the

facility. Additional bench testing would be bdiwgal toidentify achemical feedystem whicttan be
optimized or if alternative pH adjustment approaches like carbon dioxide would be effective. Based on
these considerations, precipitation is the recommended alternative for implementation of silica
removal, especially if treatment desiredto be accomplished in the near term.
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