TECHNICAL MEMORANDUM _2-9 CMM'

TM 2-9: Facility Plan Alternatives Analysis
JWC Water Treatment Plant Expansion to 85 MGD

PREPARED FOR: Joint Water Commission
PREPARED BY: CH2M
DATE: September 7, 2016; Updated December 20, 2016

This technical memorandum (TM) summarizes the alternatives considered during the faeility-planning
process forat the Joint Water Commission (JWC) Water Treatment Plant-{AAR} Facility Plan (Facility
Plan). The alternatives were developed and presented to the JWC Operations Technical Advisory
Committee over the course of five workshops, each addressing one of the following aspects of the water
treatment plant (WTP):

e Facility Pplan overview and planning criteria

e Solids handling

e Raw water pumping and conveyance

e Water treatment

e Facility Pplan preferred alternatives and site layout

Theis facility planning process defines the project to be completed by 2019,-enrsurirg-thatit and its
alignments with twohe next-subsequent phases of improvement and expansions at the A€ WTP—Fhe
ity P i of improvementand-expansion:, as follows:

e Expansion to 85 million gallons per day (MGD) and seismic life safety improvements (2019)
e Seismic resiliency improvements (after 2026)
e Ultimate WTP buildout and expansion to 105 MGD (timing to be determined)

The JWC WTP is a conventional filtration plant that uses raw water pumping, rapid mix, flocculation,
sedimentation, granular media filtration, chlorine disinfection and clearwell, finished water pumping,
and solids handling. The existing process flow diagram and plant overview are shown in Figure 1 and
Figure 2, respectively. Each process is described in more detail in the following sections.

This-technicalmemeorandum TM ineludesapresents a description of the alternatives considered,
evaluatien-an analysis of eachthe alternatives, and the final selected alternative for each portion of the
WTP. The TM is organized into the following sections:

e 1.0 Pumpingand Treatment Process
e 2.0 Solids Handling Process

e 3.0 Non-process Facilities

e 4.0 Future Treatment Processes

e 5.0 References

Attachments to this TM are as follows:

1. Full-Scale Performance Demonstration Test Report
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2. Deep Bed Media Pilot Study Test Plan

1.0 Pumping and Treatment Processes

11 Raw Water Pumping

1.1.1 Description of Existing System

The existing raw water pump station (RWPS) is housed in the Spring Hill Pumping Plant (SHPP), located
approximately 0.5 mile from the WTP on the Tualatin River, as shown in Figure 3. The intake structure is
shared with the Tualatin Valley Irrigation District (TVID); however, the two entities have separate
pumping facilities and discharge pipelines. The structure was originally built in 1974 on a bend in the
river. As a result of-Bue-te large amounts of sediment accumulation in the intake structure, in 1984, a
dike was created to form a backwater intake channel from which to pull water. The structure itself sits
on a foundation of 496 timber piles with 21 steel “H” piles under the JWC side of the structure. The WTP
portion of the intake houses two variable-frequency drive f{4EB}-pumps and two constant-speed pumps.
Pump sizes and nominal capacities are summarized in Table 1. The actual capacity of the SHPP at peak
demand conditions was analyzed during the raw water pump test in November 2016 (described below)
and was shown to be considerably less than the nominal capacity (81.3 MGD compared to nominal 85.9
MGD

Table 1. Raw Water Pump Sizes and Nominal Capacities

Pump Number Nominal Capacity (gpm)-{gpm) Pump Size (hp)+4hp)
1 15,500 350
2 13,200 300
3 15,500 350
4 15,500 350
Total pumping capacity{gpm 59,700 gpm
Total pumping capacity-{MGb} 85.9 MGD
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Figure 1. Process Flow Diagram of the Existing Joint Water Commission Water Treatment Plant
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Figure 2. Plant Overview of Existing Joint Water Commission Water Treatment Plant

1.1.2 Evaluation of Existing System

The SHPP intake floor was inspected in 2005, 2013, and 2016. The inspection was conducted by the
Advanced American Diving Service, Inc. (later, Advanced American Construction, Inc.) to evaluate the
SHPP condition and measure and remove sediment accumulation on the floor of the structure. The 2005
inspection was performed 11 months after cleaning, conducted in March 2004. Sediment depth varied
from 1 foot near the trashracks, to 3.5 feet in the center, to 2 feet just in front of the traveling water
screens. The subsequent inspections found similar amounts of sediment accumulation in front of and
behind the traveling screen, indicating that the sediment buildup reaches an equilibrium within
approximately 1 year and does not significantly increase thereafter.

Previous pump capacity tests have provided mixed results regarding the raw water pumps ability to
achieve their full nameplate capacity. To evaluate the intake conditions and verify the capacity of the
SHPP at 85 MGD, computational fluid dynamics (CFD) analysis was performed on the intake.

Three different scenarios at 85-MGD flow were considered:
e Scenario 1 assumed a clean floor on the existing intake structure.

e Scenario 2 assumed a sediment depth on the floor of approximately 2 feet in front of the traveling
water screen, based off 2005 inspection.

e Scenario 3 also assumed sediment buildup on the floor but that some improvements such as vortex
suppressors had been implemented in the intake structure.
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Figure 3. Location of the Spring Hill Pump Plant in Relation to the Water Treatment Plant

No analysis was conducted on an improved intake with a clean floor. Figure 4 shows these scenarios and
results. Results were evaluated for the potential to develop vortices near the pumps as well as the swirl
angles that developed. Results indicated that, with a clean floor, only pump 1 could develop a vortex,
shown in Figure 4. Scenario 2 showed that all four pumps would develop type 2 submerged vortices with
sediment buildup. Scenario 3 indicated that, with vortex suppressors, vortices could be controlled and
minimized in all pumps. Developing vortices at the intake could have a substantial impact. When as little
as 1 percent of the intake is air, the pumps may see a 10 percent reduction in capacity; 4 percent air
intake can reduce capacities up to 40 percent.

The Hydraulic Institute recommends swirl angles do not exceed 5 degrees. Swirl angles for scenarios 1
and 3 were less than 2 degrees. Swirl angles for scenario 2 were significantly higher for all pumps
compared with scenarios 1 and 3; however, pumps 3 and 4 remained under the 5-degree threshold.
Pumps 1 and 2 showed swirl angles of approximately 5 degrees, indicating a greater intensity of flow
rotation. These results are summarized in Table 2.
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Description

Scenario 1: Existing
Intake with Clean
Floor

Scenario 2: Existing
Intake with
Sediment Buildu-
Yp

Scenario 3:
Improved Intake
with Sediment
Buildu-Yp
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Figure 4. Scenarios and Results for Computational Fluid Dynamics Analysis of Spring Hill Pumping Plant
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Table 2. Swirl Angle Results from Computational Fluid Dynamic Analysis

Swirl Angle ®

Scenario’ Pump 1 Pump 2 Pump 3 Pump 4
1 - Clean Floor 85 MGD 1.8° 1.4° 1.2° 14°
2 —Sediment Floor 85 MGD 49° 5.5° 2.5° 4.1°
3 —Sediment Floor with Improvements 85 MGD 1.3° 1.2° 1.0° 11°

2|If free surface or subsurface vortices occur, actual swirl angles could be significantly higher than as predicted here with
computational fluid dynamics (CFD).

5 The Hydraulic Institute recommends swirl angles do not exceed 5 degrees. Pumps 1 and 2 showed swirl angles of
approximately 5 degrees with sediment on the existing floor (scenario 2), indicating a greater intensity of flow rotation.

The CFD analysis showed that with a clean floor and all pumps running, minimal vortex development
should occur, and the pumps should be able to run at full capacity, while sediment buildup on the floor
of the intake structure could hinder pump efficiency. A two-stage field test was recommended to verify
these conclusions. In the first stage, the pumps should be operated at full capacity with existing intake
conditions. Then the intake floor should be cleaned of sediment and the test run again. A variation of
this test was run in June 2016.

A modified test was performed in two stages; however, only two pumps were operated at the same
time rather than all four. Initially, the pumps were run in pairs at full flow for 10 to 12 minutes and flow
recorded. The sediment buildup was then cleaned from the intake structure. In the second stage, the
pumps were run in the same pairs on full flow for 20 to 30 minutes. Pumps 1 and 2 produced
approximately 40.3 MGD, while pumps 3 and 4 produced 44.5 MGD; the flowmeters, however, were
assumed to read approximately 6 percent low (based on previous evaluation of flowmeter
performance). Adjusting for this correction, the pumps 3 and 4 produced 42.7 MGD and 47.2 MGD,
respectively (Table 3).

Table 3. 2016 Raw Water Pump Station Capacity Field Test Results

Duration Average Flow without Average Flow with
Test Stage Pumps (minutes) Correction (MGD) Correction (MGD) Intake Level (feet)
1,2 10 40.3 42.7
1 1162
3,4 12 44.5 47.2
1,2 20 40.4 42.8
2 11.72
3,4 30 44.5 47.2
3
1,2,3,4 20 73.5 77.9 11.2
(August)
4
1,2,3,4 15 84.4° N/A 14.2
(November)

@ Minimum design intake level is 11.5 feet. Minimum intake level is 8.6 feet minus the loss through the intake screens.

b Pump station capacity adjusted for the summer intake elevation of 144.5 is estimated to be 81.3 MGD.

The results of the field test showed no difference between the total flows before and after the sediment
removal. This indicates that sediment buildup does not have an adverse effect when pumps 1 and 2 are
running simultaneously or when pumps 3 and 4 are running simultaneously. However, this test does not
contradict the results of the CFD analysis as not all four pumps were run simultaneously. JWC ran an
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additional full-scale test in August 2016. This test showed a full pumping capacity of 77.9 MGD (flow
corrected for flowmeter inaccuracy).

The raw water flowmeters were replaced in October through November 2016. Following that
replacement, the full pump test was repeated and indicated a pumping capacity of 84.4 MGD at the test
conditions. The data for this final full scale test was used to calibrate the system hydraulic model to
determine the raw water pumping capacity at the minimum summer intake elevation of 144.5 ft when
demands are expected to be greatest. This evaluation resulted in the determination that the existing
raw water pumping system capacity at the design conditions is 81.3 MGD.

1.1.3 Design Criteria and Capacity

As a result of losses occurring throughout the treatment process, the RWPS needs to be able to produce
more than the 85-MGD “peak capacity” that is delivered to users. Assuming 3-percent loss throughout
the plant, having the RWPS produce at least 88 MGD is recommended. Similarly, for the ultimate
buildout of 105 MGD, the RWPS will need to produce 108 MGD. Refer to the Facility Plan for a more in-
depth discussion of water loss in the plant.

1.1.4 Alternatives Considered

A number of alternatives were evaluated to ensure the RWPS capacity for the three scenarios (85 MGD,
seismic upgrades, and 105 MGD). The alternatives are summarized in Table 4 and include several pump
upsizing variations to achieve greater pumping capacity. Alternatives 1 through 5 were evaluated before
the raw water workshop. Alternative 6 was proposed following the workshop as an option to increase
pumping capacity without requiring significant electrical improvements in the SHPP. Subsequent full-
scale tests and hydraulic modeling indicate that this alternative will provide the required peak flow.

Table 4. Summary of Spring Hill Pumping Plant Alternatives Considered @

Pump 1 Pump 2 Pump 3 Pump 4 Firm Capacity Peak Capacity Standby Spare
Alternative (Hp) (Hp) (Hp) (Hp) (MGD) (MGD) Pump (Hp)2
Existing 350 300 350 350 300

1 350 350 350 350 67 81 2x300
2 350 400 350 350 67 84 2 x 300
3 350 450 350 350 67 87 2x300
4 450 450 350 350 72 90 2 x 300 + 350
5 450 450 450 450 85 105 2x300+3x350
6 400 400 400 400 TBD 89 2x300+3x350

2 Bold/Underlined numbers indicate pump to be upsized.

b Standby pumps are not installed. They are located in the in the SHPP as spares in storage.

Notes:

Hp horsepower
TBD to be determined

A new RWPS may be required in the future to replace or supplement the SHPP. Drivers for constructing
a new facility could include permits/regulations, seismic reliability, capacity, andZe+ river hydraulics.
CH2M HILL Engineers, Inc. (CH2M) and JWC staff walked the Tualatin River in May 2016 starting at the
existing intake and following the river to its confluence with Gales Creek to identify potential new raw
water intake locations. While there are locations that would be suitable for a new structure, they would
require JWC to acquire property because none of JWC’s current property borders the river. Likely
property would have to be obtained from Metro (currently managed by Clean Water Services), Bureau
of Reclamation, or the private Knox property (see Figure 5).
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Figure 5. Property Surrounding Joint Water Commission and the Tualatin River for Potential New Raw Water Intake

A second alternative discussed the implementation of a 6.5-mile, 96-inch--diameter raw water pipeline
directly from Hagg Lake as a supplemental or backup water supply. This was first proposed in 2006 as an
alternative raw water source for the WTP but was abandoned due to high property acquisition and
construction costs at $60 million.

Other alternatives considered utilizing space or capacity in the existing SHPP from TVID. One option
involved taking control of one TVID pad and installing a JWC pump to increase JWC's capacity; however,
initial evaluation of this alternative indicates that it would be cost prohibitive for JWC to buy TVID new
pumps in exchange for leasing a pump bay. Another option was using an intertie to the TVID pipeline at
either the SHPP or JWC WTP. A pressure regulating valve would be required because TIVD pumps
operate at approximately 160 psi, while JWC requires just 30 psi. All alternatives are recommended for
further evaluation.

1.15 Summary of Costs

Table 5 summarizes costs for Alternative 6.
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Table 5. Raw Water Pump Station Alternative Costs

Alternative Total Project Cost (million)

Alternative 6—Four New Pumps S1.2-millien

Note:
Costs of other alternatives were not estimated at this time.

1.1.6 Final Decision

After the facility planning process was completed, JWC opted to proceeded with Alternative 6. This
requires upsizing all four4 pumps to 400 horsepower. Alternative 6 was selected because it gives
operators greater flexibility to adapt to flow variability while meeting the requirement to produce
85 MGD at the lowest cost. Some basic electrical wiring improvements are required to allow for the
upsized pumps but no major electrical equipment will require replacement. Having JWC begin to
procure property for a new RWPS now is recommended; so that it can be constructed as part of the
2026 seismic resiliency project or ultimate plant buildout as needed.

1.2 Raw Water Pipeline
1.2.1 Description of Existing System

Two existing raw water pipelines run from the SHPP to the rapid-mix facility, running approximately
2,600 feet. The original pipeline, constructed in 1974, is 36 inches. An additional 42-inch transmission
line was constructed in 1994 as part of a subsequent plant expansion project. Fegether£The two
pipelines run parallel and have a total capacity for 85 MGD. Figure 3 shows the location of the pipelines.

1.2.2 Evaluation of Existing System

The 2008 seismic hazard mitigation study (Carollo Engineers, 2008a) identified the raw water pipelines
as susceptible to failures resulting from the 475- and 2,475-year return period earthquake events and
rendering the pipelines inoperable. Replacing the pipelines in the 2026 seismic upgrades is
recommended.

JWC analyzed the raw water pipeline in 2016 in response to lower than expected raw water flow from
the SHPP. A closed-circuit television survey was completed for 1,500 feet of the 42-inch-diameter
pipeline and 1,200 feet of the 36-inch-diameter pipeline, starting from the rapid-mix facility toward the
SHPP, covering over 50 percent of the total raw water pipeline. A thin biological growth, approximately
1 millimeter thick, was observed in both pipelines. Additionally, a 2- to 3-inch-thick protrusion, 1 to 2
inches in diameter, was observed approximately 321 feet from the rapid-mix facility on the
36-inch-diameter pipeline. The report recommended investigating this further. No other flow
obstructions were observed.

The hydraulic profile of the raw water pipeline was assessed for three flows. With one pump on at

21.3 MGD and water conveyed through both raw water pipelines, a head loss of 6.2 feet occurs within
the SHPP. There was negligible head loss in the pipe. With all four pumps on and a total flow of 85 MGD
passing through both pipes, 6.3 feet of head loss occurs within the RWPS and approximately 17.7 feet of
head loss occurs in the pipes from the SHPP to the existing rapid-mix facility. New raw water pumps as
well as an additional raw water pipe would be required to reach a flow of 120 MGD. This would create
7.0 feet of head loss in the SHPP and 33 feet of head loss in the pipes.

1.2.3 Design Criteria

Table 6 shows the design criteria for the raw water pipeline alternatives being considered for
implementation at JWC.
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Table 6. Raw Water Pipeline Design Criteria

Parameter Design Criteria
Flow Rate 88 MGD 108 MGD
Maximum Pipeline Velocity 8 fps 7 fps
fps feet per second

MGD million gallons per day

1.2.4 Final Decision

The two existing raw water pipelines are sufficient for the expansion to 85 MGD. However, because they
are not seismically resilient, two new 48-inch raw water pipelines will be needed for the 2026 seismic
improvements. Increasing the size of the two pipelines as part of the seismic resiliency project will
reduce the head loss through the piping system and result in enhanced reliability for delivering 85 MGD.
These increased diameters will also allow for the ultimate capacity of 105 MGD when new pumps are
installed.

1.3 Rapid Mix

1.3.1 Description of Existing System

The existing rapid mix (or flash mix) basin was built as part of the original 1974 WTP design and
expanded to its current size in 1990 to accommodate the installation of sedimentation basin C. In 1998,
the facility was modified again such that the existing rapid mix includes a pumped jet injection rapid
mixer in an open basin. A weir-based, flow-splitting system delivers water to three flow paths for the
seven flocculation/sedimentation basins. Flow splitting is necessary to achieving target flocculation
detention times and sedimentation loading rates. The existing capacity is 70 MGD and the structure is
not seismically resilient. An isometric view of the existing facility is shown in Figure 6.

1.3.2 Evaluation of Existing System

A hydraulic model of the existing rapid mix facility was developed using CH2M'’s proprietary Replica
dynamic simulation software. Facility dimensions and flow path were identified from construction and
as-built drawings, photographs, and email correspondences with plant staff. Limited model calibration
was performed using empirical data retrieved during plant tests performed in August 2005, June 2011,
and raw plant data from January 2011 and 2015.

Model assumptions include a maximum water surface elevation (WSE) of 199.0 feet at the rapid mix
influent channel (minimum of 1 foot of freeboard) and a minimum of 3 inches of fall on the downstream
side of the flow splitting weir gates. As shown in the rapid-mix facility hydraulic profile in Figure 7, the
model predicts that 75 MGD flow cannot be achieved with the existing layout without encroaching on
the 1-foot minimum freeboard at the influent channel (199.3 feet WSE).
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Figure 7. Existing Rapid-Mix Basin Hydraulic Profile at 75 Million Gallons per Day

In addition, the maximum level in the rapid--mix influent channel is currently driven by the need to
maintain gravity flow from the gravity thickener effluent weir into the rapid-mix facility. The gravity
thickener effluent weir elevation is at 198.7 feet, and gravity flow from the thickener is not possible at
75 MGD raw water flowrate.

The model predicts that to achieve 75-MGD plant capacity, the 5-foot-by-5-foot fiberglass baffle wall
(shown in blue in Figure 6) will need to be removed, which requires the rapid-mix injector to be
relocated to maintain mixing efficiency. Figure 7 shows the hydraulic profile of the rapid-mix basin in the
existing configuration at 75 MGD.
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The 2015 capital improvement program (CIP) update (Carollo Engineers, 2015) also determined that the
existing rapid-mix facility needs to be replaced due to seismic deficiencies. As such, the facility will be
replaced as part of the 2026 seismic resiliency project.

133 Design Criteria

As stated previously, for the WTP to distribute 85 MGD to its customers, approximately 88 MGD needs
to be treated. As the first step in the treatment process, the rapid-mix facility should be able to
accommodate the entire flow, requiring a rapid mix facility capacity of 88 MGD.

1.3.4 Alternatives Considered

Alternative 1: Modify Existing Rapid-Mix Facility by Removing the Weir to Basins D through G. This
alternative would modify the existing rapid mix to accommodate 88 MGD. The jet injection would be
moved from the fiberglass baffle wall to the influent pipes, and the fiberglass baffle wall would be
removed. The wall and weir gates to sedimentation basins D through G would be removed. To increase
accuracy of flow splitting, a flow control valve and a flowmeter would be added to the pipe leading to
sedimentation basins D through G. The flowmeters on the pipes to sedimentation basins A, B, and C
would be replaced with smaller flowmeters for more accurate readings at the typical flow rates. All costs
associated with this alternative are stranded costs because the basin would remain seismically
vulnerable and scheduled for replacement as part of the seismic resiliency project. Figure 8 and Figure 9
shows the concept for this alternative.

Weir gate, typ

Remove basin D

To basins D through G weir gates

through G

/

Remove fiberglass
baffle wall

Replace jet
injection pumps

New flow meter and
flow control valve

From raw water

Replace
flow meters

To basin C

To basins A
and B

Figure 8. Alternative 1: Modify Existing by Removing Basin D through G Weirs
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Figure 9. Rapid-Mix Alternative 1 Site Plan

Alternative 2: Modify Existing Rapid Mix by Raising Weir Gates. This alternative would modify the
existing rapid mix to accommodate 88 MGD. The jet injection would be moved from the fiberglass baffle
wall to the influent pipes and the baffle wall would be removed. The weirs and weir gates to all
sedimentation basins would be moved higher and the water level in the rapid-mix structure would be
allowed to rise to just below the top of the wall. This increase in hydraulic head would not allow for
typical desired freeboard and would require further upsizing of the raw water pumps. No flowmeters
are included in this alternative and instead the water level over the weir gates would be used to
determine the flow to each set of sedimentation basins.

The cost associated with this alternative is stranded cost because the basin would remain seismically
vulnerable and scheduled for replacement as part of the seismic resiliency project. Additionally,
Alternative 2 has a higher level of uncertainty compared with Alternative 1, and more evaluation and
hydraulic modeling would be required to confirm its feasibility. Figure 10 shows the concept for this
alternative.
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Figure 10. Alternative 2: Raise Weir Gates

Alternative 3: New Rapid--Mix Facility. This alternative would construct a new seismically resilient
rapid-mix facility now, instead of waiting until the seismic resiliency project. A new rapid-mix facility
with either inline jet injection or mechanical in-line mixers in the pipes would be designed to provide
rapid mixing to the entire WTP. A rapid-mix facility similar to the existing facility also would be an
option; however, the pipeline options are considered to be less expensive. Flow-meters and flow control
valves would be installed for flexibility in active-flow splitting. This facility would be the same facility that
is planned to be completed as part of the seismic resiliency project, and there would be no stranded
costs. Figure 11 shows the concept for this alternative.
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Figure 11. Alternative 3: New Rapid Mix
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1.3.5 Summary of Costs

Table 7 summarizes the rapid-mix alternative costs.

Table 7. Rapid-Mix Alternative Costs

Total Project Cost Stranded Cost Seismic Resiliency
Alternative (million) (million) Project Cost (million)
Alternative 1—Modify existing rapid-mix S0.8-millien $0.8-millien $4.3-millien
facility, remove weir, and add flow-meters
Alternative 2—Modify existing rapid-mix $0.3-millien $0.3-millien $4.3-millien
facility and raise weirs
Alternative 3—Construct new rapid-mix facility $4.3-millien S0.1-millien SO-millien

1.3.6 Final Decision

Alternative 1 was selected for implementation in the expansion to 85 MGD because it would provide
greater flow control and higher hydraulic certainty than Alternative 2, and it would not require
additional upsizing of the raw water pumps other than that already planned to overcome increased
head. Although it is not seismically resilient, Alternative 1 would provide the desired flow capacity for
the expansion to 85 MGD at a lower cost than building a new rapid-mix facility, allowing the expansion
to 85 MGD to remain within the project budget. Alternative 3 is still planned to be included as part of
the seismic resiliency project. In addition to being seismically resilient, it can be sized for the ultimate
buildout and will provide the necessary flow control to the sedimentation basins.

1.4 Flocculation and Sedimentation

14.1 Description of Existing System

The existing flocculation/sedimentation system consists of a series of seven flocculation/sedimentation
basins that are fed by the rapid mix and discharge into the settled water flume (Figure 12). Three basins
(labeled A, B, and C) are considered the old basins and were constructed in 1992 or earlier. These basins
have a two-stage flocculation basin with vertical turbine flocculators, followed by a sedimentation basin
with mechanical circular clarifier and hoseless sludge collectors underneath the effluent collection
launders. Four basins (labeled D through G) are considered the new basins and were constructed as part
of the 2000 plant expansion. These basins have a three-stage flocculation basin with vertical turbine
flocculators followed by a sedimentation basin with chain and flight sludge collectors. Basin G also
includes plate settlers for increased capacity and performance. Once settled, the mechanical sludge
collectors convey the settled solids into a trough (new basins) or directly into the settled solids piping
from the sludge collectors (old basins).

Each sedimentation process consists of an open channel that provides laminar flow conditions, allowing
ample time for the flocculated particles to settle before reaching the weir(s) at the end of the basin. All

seven basins can be operated independently so that any may be removed from service without limiting
the use of the other basins.
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Figure 12. Existing Flocculation/Sedimentation Basins

1.4.2 Evaluation of Existing System and Capacity

The capacity of the existing flocculation/sedimentation basins was evaluated using historical data where
available and typical, conservative design criteria where inadequate historical data were available. For
flocculation detention time, the summer detention time of 20 minutes is based on full-scale testing
conducted by JWC during previous projects. The winter flocculation detention time is approximately

35 minutes based on the 2012 plant expansion preliminary design (Carollo Engineers, 2012), which
assumed that the winter flocculation capacity is 70 percent of the summer capacity. While 35 minutes of
flocculation time is acceptable for moderate weather conditions, the coldest water temperatures
required additional flocculation time to for settleable floc. Typically, winter detention times of 40 to

45 minutes are required in cold weather. This value is conservative and appropriate for the coldest
water temperatures while lower flocculation detention times are appropriate during periods of less
extreme cold water. Sedimentation loading rates are based on full-scale data from JWC for summer
operation and assumed values for winter loading rates because full-scale data are not available at these
rates in the winter.

Note that during summer conditions, the sedimentation basin loading rates limit the capacity to
75 MGD, and in the winter the flocculation detention times limit the capacity to 52.5 MGD (Carollo
Engineers, 2012) or less.

143 Design Criteria

Table 8 represents the design criteria as a basis for evaluation of the flocculation/sedimentation
alternatives. Figure 13 shows the layout of plate settlers in basin G with plate a module highlighted for
reference.

Table 8. Flocculation/Sedimentation Design Criteria for Expansion to 85 MGD

Parameter Basins D through G
Capacity-{MGb) 88 MGD
Flocculation
Flocculator type Vertical shaft
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Table 8. Flocculation/Sedimentation Design Criteria for Expansion to 85 MGD

Parameter

Basins D through G

Recommended summer detention time-{rirutes)

20 minutes

Recommended winter detention time-{rirutes)

45 minutes

Sedimentation Plate Settlers

Sedimentation basin dimensions-{mateh-B-through-G}

Match D through G

Sedimentation plate configuration

Match basin G

Module dimensions

4.5 feet wide by 9.5 feet
long

Number of plates per module

102

Angle of inclination{degrees}

55 degrees

Efficiency factor{perecent}

95 percent

Projected plate surface area per module-{sguare-feet}

2376.sq ft

Nominal design capacity per module{MGB}

1.0 MGD

Design summer loading rate{gpm/sf}

0.3 gpm/sf

Design winter loading rate-{gpm/sf}

0.2 gpm/sf

Note:

gpm/sf  gallons per minute per square foot
MGD million gallons per day
sq ft square feet

Figure 13. Plate Settler Layout in Basin G
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Required flocculation detention times vary with the type of water being treated, coagulants, and
flocculation objectives. The design detention times reflect typical values, and the winter detention time
is intended to account for cold water conditions.

Design criteria for the plate settlers are based on the basin G approved capacity. Note that only the
plate settlers are considered in the loading rate calculation as part of the surface area available for
settling. The open basin ahead of the plate settler units accounts for only 15 percent of the total surface
area, therefore, it is not included in the calculation.

1.4.4 Alternatives Considered

Three alternatives were identified for the flocculation/ sedimentation process for the current plant
expansion project.

Alternative 1: Install Plate Settlers in Basins D through F

This alternative would purchase and install plate settlers in each basin D through F, similar to basin G.
The existing flocculation process would remain unchanged and the existing chain and flight sludge
collection system would be rehabilitated as the mechanical equipment is nearing the end of its life. No
changes would be made to basins A, B, and C. Challenges with this alternative are primarily due to the
increased hydraulic loading and reduced detention time of the existing flocculation process. Basin G,
which already has plate settlers, has exhibited excellent performance despite these challenges,
therefore, it is not expected to pose a problem. Figure 14 shows the concept for this alternative.

Existing
flocculation

Old basins A
through C

New settling
plates

Existing settling
plates

Figure 14. Flocculation/Sedimentation Alternative 1

Alternative 2: Install Plate Settlers in Basins D through F with Additional Plates in Basins F and G

This alternative would include purchase and install 15-MGD plate settlers in each basin D, E, and F, with
additional 5-MGD plates in basins F and G. Increased capacity of 20 MGD in basins F and G would also
require installing one additional stage of flocculation and new solids collectors in these basins. This
alternative would allow for removing basin C, if desired for flexibility in the phasing of future
construction projects. However, operational challenges exist with providing different flows to basins D
and E and basins F and G. This alternative would require installing a new rapid-mix facility or other
improvements, which would allow for the necessary flow splitting between the basins. Figure 15 shows
the concept for this alternative.
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Existing
flocculation

Demo
New sludge basin C
collectors ' \
and plates g 0ld basins A
through C
New settling
plates

Existing settling
plates

Figure 15. Flocculation/Sedimentation Alternative 2

Alternative 3: Install Additional Plate Settler and Additional Flocculation Stage in Basins D through G
This alternative would include installing 20 MGD plate settlers in each basin D, E, and F, with additional 5
MGD plates in Basin G. Increased capacity would require installing one additional stage of flocculation
and new solids collectors in each basin. This alternative also would provide 80 MGD of capacity in basins
D through G, allowing for flexibility operationally and in the phasing of future construction projects. One
of the old basins could be demolished as well, if desired. Figure 16 shows the concept for this
alternative. Note that basins A and B could be demolished in lieu of basin C if desired.

Existing

E D flocculation

G X

" | Demo
basin C
New sludge
collectors .
and plates - Old basins A
. o through C
; Pl g New settling
g plates
q_’-'_"-_l." ol Existing
3 settling plates
Figure 16. Flocculation/Sedimentation Alternative 3
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1.4.5 Summary of Costs

A summary of costs for each alternative is presented in Table 9.

Table 9. Flocculation/Sedimentation Alternative Costs

Total
Project Cost Stranded Flocculation/ Sedimentation Seismic
Flocculation/Sedimentation Alternatives (million) Cost Resilient Capacity (MGD)
Alternative 1—15 MGD in basins D through G $4.3-millien S0 60
ive 2—2 Di i 1 D

.Altern.atlve 0 MGD in basins F and G, 15 MG $6.7-mill %0 70
in basins Dand E

Alternative 3—20 MGD in basins D through G $8.6-millien S0 80

Note:
MGD million gallons per day

1.4.6 Final Decision

JWC decided to proceed with Alternative 1, which would add plate settlers in basins D, E, and F as shown
in Figure 17. This alternative was selected because it provided operational consistency across Basins D
through G and had the lowest immediate cost while still meeting the design criteria. Basin C will remain
in operation as a part of this alternative.

Selecting Alternative 1 will have minimal impacts on the 2026 seismic resiliency project and ultimate
buildout. Expanding flocculation and installing additional plate settlers (beyond 15 MGD per basin)
would occur when basins A through C are removed from service or additional plant capacity is required.

GF ED C B A GF ED C B A

Existing Alternative 1

T =T
Figure 17. Flocculation/Sedimentation Capacity Summary

1.5 Settled Water Conveyance
1.5.1 Description of Existing System

The existing settled water conveyance system consists of a series of open channels and enclosed
concrete conduits that connect the effluent end of each of the sedimentation basins (basins A through
G) to a concrete flow splitting box at the east end of basin A. From there, the water enters one of three
pipes that convey water to the filter inlet channel in the filter structure. The existing settled water
conveyance system is highlighted in purple in Figure 18.
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Figure 18. Existing Settled Water Flume and Pipes

1.5.2 Evaluation of Existing System

Evaluating the settled water conveyance system consisted of two major components: seismic resiliency
was considered before the 2015 CIP update (Carollo Engineers, 2015), and hydraulic capacity was
considered as part of the current ffacility plan and expansion project.

The seismic resiliency of the existing settled water flume was evaluated as a part of the JWC WTP
seismic hazard mitigation study (Carollo Engineers, 2008a). During this evaluation, it was determined
that settled water flume is a potential single point of failure for the WTP and that the “settled water
channel... does not have adequate flexibility to accommodate differential movement.” As such, the 2015
CIP update (Carollo Engineers, 2015) identified the “installation of a new settled water pipeline, capable
of bypassing Basins A through C” as a “high--value seismic project” and as such was recommended for
implementation during the 85-MGD expansion project.

The hydraulic capacity of the existing settled water conveyance system was evaluated as part of the
overall hydraulic modeling of the JWC WTP conducted as part of the facility plan project and described
in the Joint Water Commission Water Treatment Plant Hydraulics Analysis (CH2M, 2016). The result of
this analysis confirmed that the capacity of the existing settled water conveyance system was
approximately 80 to 85 MGD, which is less than the 88 MGD necessary to achieve the expanded plant
peak capacity of 85 MGD in 2019.

1.5.3 Design Criteria

Table 10 shows the design criteria for the settled water conveyance alternatives being considered for
implementation at JWC.

Table 10. Settled Water Conveyance Design Criteria

Parameter Design Criteria
Flow rate
____Maximum to existing filters (14 filters at 462 square feet) 81 MGD
____Maximum to new filters (2 filters at 924 square feet) 27 MGD
Maximum pipeline velocity 3 fps
Maximum settled water conveyance system head loss 0.5 feet
Notes:

Maximum flow rate to each filter facility is based on instantaneous flow if all filters in the facility are online at max filter
loading rate. This does not represent net filtration capacity.

MGD million gallons per day
fps feet per second
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1.5.4 Alternatives Considered

Four alternatives were identified for the settled water conveyance system that could be included in the
current plant expansion project.

Alternative 1: Bypass Basins A, B, and C and Connect to All Filters

This alternative would include a new settled water pipe that would connect to the blind flanges on
effluent channels of basins D and E and basins F and G and convey the water from the sedimentation
basins to the new filters and include a connection to filters 1 through 14. The only stranded cost in this
alternative would be the connection of the settled water pipe to the existing filters 1 through 14. In this
alternative, no connection is available from basins A through C to the settled water bypass pipe.
Challenges with this alternative are primarily related to chemical dosing complexity due to two locations
that filter aid polymer and prefilter chlorine that would need to be added. Figure 19 shows the concept
for this alternative.

| Connection to
{ filters 1-14

Connection to
basins Fand G

New butterfly
valve for isolation

Settled water
flume bypass

: .

onnection
to new
filters

New filters 15
and 16

Figure 19. Settled Water Conveyance Alternative 1

Alternative 1a: Bypass Basins A through C and Connect to All Filters from Basin D and E Only. This
alternative was proposed as a variation of Alternative 1 following the treatment workshop. This
alternative is the same as Alternative 1, except that it connects only to one of the blind flanges on basins
D and E and not to the one on Basins F and G. The connection to basins F and G would be added when
the rest of the new filters are built. Water from basins F and G would also be conveyed through the line
at basins D and E. This was considered feasible because both of the new basins are constructed on piles
and the connection between the two is more likely to be operable following an earthquake than the
connections to basins A through C, which may settle. Similar to Alternative 1, this option would have
minimal stranded cost and provide challenges around chemical dosing. Figure 19 shows the concept for
this alternative, with exception to the connection to Basins F and G.

Alternative 2: Replace the Settled Water Flume. This alternative includes a new pipe sized to entirely
replace the settled water flume with connections to all basins and all filters. This would be accomplished
with a new 96-inch settled water pipe that would run the entire length of the south end of basins A
through G. This alternative has significant stranded costs associated with the connection of the new pipe
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to basins A and B and C, as well as a complete reconfiguration of the piping that connects the splitter
box at the east end of Basin A to the filter influent channel. The primary benefit of this alternative is that
it would provide a single chemical injection point for injecting chemicals into the settled water upstream
of the filters. Figure 20 shows the concept for this alternative.

Connection
to basins A

£7) Connection
~5 to filters 1
| through 14

New replacement
settled water pipe

—{ Connection
to new
filters

Figure 20. Settled Water Conveyance Alternative 2

Alternative 3: New Settled Water Pipe to Parallel Flume to All Filters. This alternative is essentially the
same as Alternative 2, except that instead of decommissioning the existing settled water flume, the new
settled water pipe would be designed to convey only a portion of the flow to the filters in new 72-inch
settled water pipe. This provides the benefit of providing complete redundancy for the settled water
flume, but at a lower cost that Alternative 2. Similar to Alternative 2, the primary stranded cost
associated with this alternative would be for connecting pipes to basins A, B, and C and reconfiguring
the piping connections to the splitter box at the east end of basin A to allow for isolation should basin A
be lost during an earthquake. This alternative introduces additional operational complexity associated
with injecting chemicals in the settled water in two separate locations. Figure 21 shows the concept for
this alternative.

Alternative 4: New Settled Water pipe from Basins D through G to new filters only. This alternative
provides a new pipe from the outlet of basins D through G to the new filters only. No connection to the
existing filter is provided. This option was considered because the existing filters are seismically
vulnerable and need to be replaced.; setTherefore, the existing filters could be lost in the same seismic
event that would lose the existing settled water flume at basins A through C without losing the
connection from basins D through G to the new filters. In this case, the connection from Basins D
through G to the new filters would be the most valuable portion of any new settled water pipe installed.
This alternative also would have the lowest stranded cost. This alternative would result in increased
operational complexity due to the need to maintain two chemical injection points, but with that comes
additional flexibility to provide different chemical doses (particularly filter aid polymer) to the new and
existing filters. Figure 22 shows the concept for this alternative.
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Figure 21. Settled Water Conveyance Alternative 3
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Figure 22. Settled Water Conveyance Alternative 4
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Alternative 4a: New Settled Water Pipe from Basin D and E Only to New Filters. This alternative is the
same as Alternative 4, except the connection to sedimentation basins would connect basins D and E and
would not connect to basins F and G. This alternative has the lowest--cost alternative for connecting the
effluent end of basins D through G to the new filters with a new pipe. The new pipe would be 72 -inches
in diameter and could convey the full capacity for the current filter buildout, but would need a second
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pipe connected to basins F and G to convey the full 88 MGD required when the new filter facility is built
out as part of the 2026 seismic project.

Alternative 4b: Provide Connection Only from East End of Basin A to New Filters. This alternative was
proposed during the process workshop as a variation on Alternative 4. This alternative essentially would
have the least cost for settled water conveyance because it would use all of the existing flume and only
provide a connection from the end of the flume to the new filters. After review of the hydraulic
implications of this alternative, the settled water flume was determined to not have the hydraulic
capacity to handle the entire 88 MGD that is needed to be conveyed from the sedimentation basins to
the new and existing filters; thus, this alternative was deemed to be not feasible without modifications
to the hydraulic operating levels of the sedimentation basins.

1.5.5 Summary of Costs

Table 11 presents costs for the settled water conveyance alternatives.

Table 11. Settled Water Conveyance Alternatives Costs and Seismic Resilient Capacity

Settled Water

Stranded Stranded Flume Seismic
Cost Cost Resilient Capacity
Settled Water Conveyance Alternatives (million-$) (million-$) (MGD)
Alternative 1—Bypass basins A through C and connect to all filters $1.2 $0.3 60
Altern.a\tive la—Bypass basins A through C and connect all filters $0.7 $0.3 60
to basins D and E only
Alternative 2—Replace the settled water flume $1.7 $1.0 85+
Altgrnative 3—Install new settled water pipe to parallel flume to $15 $0.8 60
all filters
Alternative 4—Inst?II new settled water pipe from basins D $0.9 %0 60
through G to new filters only
Alternative éa—install new settled water pipe from basins D and E $0.4 %0 45
to the new filters
Alternative 4b—Provide connection only from east end of basin A N/A? N/AC 0

to new filters

2 Not estimated due to determination that it was not hydraulically feasible.
Notes:

MGD million gallons per day
N/A not applicable

1.5.6 Final Decision

After the facility planning process, JWC decided to proceed with Alternative 4a, which would provide a
connection only from the blind flange at Basin D and E to the new filters. This alternative was selected
because it provides the lowest cost with no stranded investment while meeting the project goals. After
this alternative was selected, JWC requested that the design include evaluating a potential lower cost
alternative to connect the new settled water pipe to the existing filters. The selected Alternative 4a will
be a building block for future WTP expansion projects because it connects seismically resilient structures
that may be expanded in the future. A parallel settled water flume will need to be installed for the 2026
seismic project.

WT1010161153PDX 27



TM 2-9: FACILITY PLAN ALTERNATIVES ANALYSIS
JWC WATER TREATMENT PLANT EXPANSION TO 85 MGD

1.6 Filtration
1.6.1 Description of Existing System

The filters receive water from the settled water channel via three 48-inch-diameter pipes that connect
the filter influent channel to the splitter box at the east end of basin A. The filter influent channel
conveys water to each of the 14 filters. The filters are 462 square feet (filtration area) each, with dual
bays and a common center gullet. The filters use block style underdrains and have air scour wash
capability. Filters 1 through 8 discharge directly into the clearwell below the filters. Filters 9 through 14
discharge into one of two common filter effluent headers that convey the filtered water to the clearwell
under filters 1 through 8. All filters are dual-media filters with 1.1-millimeter anthracite over 0.6-
millimeter sand. At the start of this project, the filters had 46 inches of anthracite and 10 inches of sand.

The physical design of the filter box structure is slightly different in filters 1 through 8 and 9 through 14.
Filters 9 through 14 are designed to take a deeper media profile by means of a higher backwash trough
elevation and lower bottom floor. The filters are rated for a maximum hydraulic loading rate of 8.7
gallons per minute (gpm) per square foot (sf) (gpm/sf) based on a high-rate pilot study conducted in
2011. Prior to that loading rate increase, the filters had been rated for 8.1 gpm/sf.

1.6.2 Evaluation of Existing System

Evaluating recent operating data (summer 2015) indicated that during operation at peak loading rates,
the filter run times were not as long as previously expected. This data set correlates well with long-term
historical data collected by JWC. These operating data were analyzed to determine the maximum net
filtration capacity of the existing system based on full-scale operational data. The net filtration capacity
is calculated based on total water that can be filtered during a day, minus the water required to
backwash the filters. The water that can be filtered during a day (gross filtration capacity) is equal to the
loading rate of the filters, multiplied by the total filter area, multiplied by the time each filter is online.

Figure 23 shows the JWC full-scale operational data from summer 2015. These data show that as the
filter loading rate increases, the unit filter run volume (UFRV) goes down. UFRV represents the amount
of water that can be treated by 1 square foot of filter area in a single filter run. A lower UFRV results in
more time offline for backwashing and more loss of filtered water due to backwashing, and ultimately
results in reduced net filtration capacity. Based on the summer 2015 data, the expected maximum net
filtration capacity is 72 MGD (theoretical); this is more than the current estimated net filtration capacity
of 68 MGD, because the current system is restricted by limitations in the backwash recycle system,
which is discussed in more detail in Section 2.1. The theoretical net filtration capacity is shown in the
dashed blue line and the current net filtration capacity is shown in the solid blue line in Figure 23.

Because the shorter filter runs typically end as a result of reaching the maximum allowable head loss,
potential revised media configurations were evaluated, and a small revision to the existing media profile
would provide lower clean bed head loss and likely allow for longer filter runs, increasing filter
efficiency. The existing filters are approved at 8.7 gpm/sf with the previous media configuration of 46
inches of anthracite over 10 inches of sand. A revised media configuration of 50 inches of anthracite
over 6 inches of sand was proposed. To demonstrate that the new configuration would maintain the
filtered water quality, a full-scale test was performed in 2016. The new media configuration was
installed in filter 14. Filters 12 and 13, with the existing media configuration, were operated at the target
loading rates for filter 14. The filter loading rate was gradually increased from 4 to 8.7 gpm/sf to confirm
filter performance matched or exceeded the previous media configuration. Results indicated that, at a
loading rate of 8.7 gpm/sf, the new media configuration maintained turbidity below the JWC
performance goal of 0.1 nephelometric turbidity unit (NTU) for 100 percent of the time. This exceeds
the regulations set by Oregon Health Authority (OHA), which state that turbidity must remain below

0.3 NTU 95 percent of the time and below 1 NTU all the time.
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Figure 23. Summer 2015 Filter Performance Data

Other parameters monitored—particle count, head loss, filter run times and UFRV—indicated

performance by the new media configuration was comparable to the old configuration. OHA approved
the new configuration on July 20, 2016. The new configuration will be installed on all existing filters as

part of the WTP Expansion to 85 MGD project. The Full-Scale Performance Demonstration Test Report is

included as Attachment 1.

1.6.3 Design Criteria

Table 12 presents the design criteria for the proposed filtration system.

Table 12. Filtration Design Criteria

Parameter Existing Filter Criteria New Filter Criteria
Filter hydraulic loading rate, maximum+gpm/sf) 8.7 gpm/sf TBD?
Unit filter run volume, minimum {gal/sf} 7,200 gal/sf TBDP
Filter area {sf} 462 sf 924 sf
Filter design Dual bay with center gullet Dual bay with center gullet
Anthracite effective size{mw} 1.2.mm TBD®
Anthracite depth{in} 50 in¢ TBD®
Sand effective size-{mm} 0.6 mm 0.6 mm
Sand depth-{in} 6ind TBD®
Backwash flow, maximum-{gpm} Approximately 9,200 gpm Approximately 9,200 gpm

(both bays) (single bay)

Number of filters 14 2
Filtration capacity 72 MGD® TBDf

Total filtration system net capacity

TBD; 85 MGD minimums

WT1010161153PDX

29




TM 2-9: FACILITY PLAN ALTERNATIVES ANALYSIS
JWC WATER TREATMENT PLANT EXPANSION TO 85 MGD

Table 12. Filtration Design Criteria

Parameter Existing Filter Criteria New Filter Criteria

2To be determined based on results of pilot testing of new media. Testing is being conducted at 9 and 10 gpm/sf initially.
b To be determined based on results of pilot testing of new media. Target of 9,000 to 10,000 gal/sf at maximum design
loading rate is typical.

¢To be determined based on results of pilot testing of two new media configurations. See pilot test plan for details of
media configuration being tested.

d After filter media replacement and addition of 4 more inches of anthracite and removal of 4 inches of sand.

© Existing filters with continuous backwashing (24 BW/day). Addition of new filters will reduce capacity of existing filters
due to increase in number of filters that need to be backwashed.

fTo be determined based on results of pilot testing of new media. Approximately 20 MGD is expected.

8 To be determined based on results of pilot testing of new media. System capacity is a factor of UFRV, filter loading rate,
backwash capability, and filter performance. Expected filter capacity is greater than 85 MGD.

Notes:

BW/day backwashes per day
gal/sf gallons per square foot

gpm gallons per minute

gpm/sf  gallons per minute per square foot
in inch(es)

MGD million gallons per day

mm millimeter(s)

sf square foot

TBD to be determined
UFRV unit filter run volume

1.6.4 Alternatives Considered:

-Alternative 1: Two Separate 924-Square-Foot Filters in New Filter Facility

This alternative would lay the foundation for the
future of the JWC WTP filtration facility by
constructing two new filters that are 924 square feet
each, double the size of the existing filters. This new
filtration facility would be expanded upenisplanned
to-be-constructed-as part of the 2026 seismic
resiliency project to replace the existing, seismically
vulnerable filtration facility. Larger filters result in
fewer filters in the 85--MGD and ultimate WTP
buildout, which means reduced backwash and
operational complexity and more reliability in net
filtration capacity. Constructing a new filtration
facility means added cost in the current project for Filvas
yard piping to connect to the new facility. This influent
alternative includes no stranded cost. The concept channel
for this alternative is shown in Figure 24 and Figure

25.

Effluent
piping

Figure 24. Filtration Alternative 1 Isometric View
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Figure 25. Filtration Alternative 1 Process Flow

Alternative 2: Four Additional 462-Square-Foot Filters Attached to Existing Facility.

This alternative consists of adding four new
filters of the same size and configuration as
the existing onto the existing filtration facility.
This alternative would result in a total of 18
filters in the existing facility and would require
that the hydraulic loading rate of the existing
filters be reduced in order to allow the filters
to run long enough to backwash all the filters
sequentially. Modeling of the filtration
capacity of this alternative suggested that it
was unlikely to achieve the desired goal of 85-
MGD net filtration capacity. In addition, this
alternative is 100 percent stranded investment
due to the need to replace the existing
filtration facility as part of the 2026 seismic
resiliency project. Figure 26 and Figure 27
show the concept for this alternative.

WT1010161153PDX

Effluent
Piping

Filter
Influent
Channel

Figure 26. Filtration Alternative 2 Isometric View
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Figure 27. Filtration Alternative 2 Process Flow

1.6-41.6.5Summary of Costs

Table 13 presents the costs for the filtration alternative.

Table 13. Filtration Alternatives Costs and Seismic Resilient Capacity

Total Project Stranded Filtration Facility
Filtration Alternatives Cost (million) Cost (million) Seismic Resilient Capacity (MGD)
Alternative 1—Two separate 924-square-foot $10.5 S0 Approximately 20 @
filters in a new facility
Alternative 2—Four additional 462-square-foot $9.9 $9.9 0

filters in existing facility

@ To be determined based on results of pilot testing. Expected to be approximately 20 MGD as stand-alone facility.
Note:

MGD million gallons per day

1.6-51.6.6Final Decision

Upon completion of the facility planning process, JWC decided to proceed with the construction of two
new 924-square-foot filters in a new filtration facility (Alternative 1). This eliminates almost $10 million
of stranded cost and eliminates concerns with Alternative 2 related to the potential inability to achieve
the plant capacity goal of 85--MGD net filtration capacity. Alternative 1 also provides the foundation for
a new seismically resilient filter facility, which may be expanded upon as part of the 2026 seismic
resiliency project and ultimate buildout.

With-the selection-of Alternative 1 forconstruction-of an-entirely new filter facility-To increase filter
efficiency, a new deep bed media configuration is proposed, with more anthracite in a deeper bed. JWC
is currently conducting a pilot test to compare two filter configurations at loading rates from 8 to 12
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gpm/sf and plans to apply to OHA for approval of this deep bed filter design at a high loading rate. One
configuration consists of 6 inches of sand and 60 inches of 1.4 millimeters anthracite. The second
configuration evaluated consists of 12 inches of sand and 72 inches of 1.5 millimeters anthracite. The
deep-bed filters with larger particle sizes allow for higher loading rates with similar or lower head loss
than a traditional filter media design, all while providing the same level of treatment. The pilot study will
consist of 2- to 3-week-long tests will be conducted during each season over the course of almost a full
year. Testing began in July 2016 and is expected to end in March 2017. The Deep Bed Media Pilot Study
Test Plan is included as Attachment 2.

1.7 Clearwell and Disinfection CT
1.7.1 Description of Existing System

The existing clearwell is fed by gravity from the filter effluent and provides a small amount of flow
equalization for the finished water pumps as well as disinfection contact time. The water travels through
a set of baffles and discharges first to finished water pump station (FWPS) 2 and then to FWPS 1 as
shown in Figure 28. Table 14 summarizes existing clearwell capacity.

Outlet to
FWPS #2

Outlet to
FWPS #1

Clearwell
inlet

Figure 28. Existing Clearwell

Table 14. Clearwell Capacity

Parameter Criteria
Dimensions 70.5 feet wide by 191 feet long
Operational depth-{feet} 12 to 15 feet
Minimum capacity-MG} 1.16 MG
Maximum capacity-MG} 1.50 MG
Note:
MG million gallons
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The term CT value is used to describe the disinfection process. In this value, “C” represents the chlorine
residual at the downstream sample point at the outlet of the reservoir (basin, clearwell, or pipeline). The
“T” represents the contact time. The state and federal rules stipulate minimum CT values that must be
achieved depending on the pH, temperature, and chlorine residual of the water. The worst-case
conditions are for high pH values and low temperatures. Determining the required CT value for both
summer and winter conditions is common, because the higher winter CT requirement is often offset by
the lower production rates in the winter, which result in longer contact times. The “T” portion of the
equation must be corrected to account for the difference between the actual and theoretical detention
time of water in the basin. This adjustment is achieved using a coefficient called the T10/T value, which
represents the amount of time it takes for the first 10 percent of the water to reach the outlet divided
by the theoretical time.

1.7.2 Evaluation of Existing System and Capacity

Several tracer studies have been completed to evaluate the disinfection capacity of the existing
clearwell and finished water piping. The AA/EAFRP-Joint Water Commission Water Treatment Plant
Tracer Study (JWC, 2009) identified the operations building as the first customer and calculated CT for
the clearwell and the contact pipe from FWPS 1 to the operations building, showing that the CT is
sufficient. As a part of the facility plan project, theoretical calculations of the clearwell and piping system
were completed to evaluate the existing infrastructure in comparison to the disinfection requirements
according to U.S. Environmental Protection Agency Surface Water Treatment Rule (EPA, 1989). The CT of
the clearwell and contact pipe were calculated at the peak summer and maximum winter flow rate and
compared to the CT required by the state. The results are summarized in Table 15.

The total capacity for the clearwell was similarly calculated using theoretical calculations. For the
summer condition, higher flows are possible, but actual capacity will vary significantly depending on
information not available at this time such as assumed flow split to each pump station and to each of
the finished water pipelines. For the winter condition, the pump station flow split was assumed to be
50/50 and the flow was increased until the CT available was equal to the CT required.

1.7.3 Final Decision

The modeling performed shows that the existing infrastructure is likely sufficient to meet CT
requirements for the 85--MGD treatment plant; however, safety factors for low temperature water is
limited and alternatives for improvement should be carefully considered. CT values will need to be
proven through a new tracer study, but no modifications are expected at the clearwell as part of the 85-
MGD expansion. Owing to the seismic deficiency of the existing clearwell, a replacement clearwell is
planned for construction as part of the seismic resiliency project. An additional clearwell is expected to
be required to help equalize flows and provided CT as part of the ultimate plant buildout.

1.8 Finished Water Pumping
1.8.1 Description of Existing System

There are two existing FWRSs-finished water pump stations to distribute finished water to customers.
FWPS 1 was built with the original WTP in 1974 at the north end of the existing filter structure and
houses six finished water pumps. FWPS 2 was built in 1998 with space for five pumps; however, two
bays are currently open and available for new pumps. The two FWW-RSpump stations must overcome the
hydraulic head to reach the two Fern Hill reservoirs at an elevation of 520 feet. Nominal capacities of
the existing pumps can be found in Table 16 taken directly from the 2009 JWC Master Plan (Black and
Veatch, 2009).
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Parameter Summer Winter

Clearwell

Water demand{M&b} 85 MGD 54 MGD

Minimum clearwell depth-{feet} 12 feet 12 feet

Minimum clearwell volume-{M&G} 1.16 MG 1.16 MG

Detention Time{mirutes)® 26.1 min 42.8 min

T10/T 0.60 0.60

T10 theoretical{minutes) 15.7 min 25.7 min

Chlorine residual-mgit) 0.90 mg/L 1.15 mg/L

CT ClearwellHmg-mintL) 14.1_ mg-min/L 29.5 mg-min/L
Contact Pipe

T10, 4minimum} 21 min 21 min

Chlorine residual{mgit) 0.85 mg/L 1.10 mg/L

CT contact pipe-mg-mintl) 17.9 mg-min/L 23.1 mg-min/L
Total CT available® 32.0 mg-min/L 52.6. mg-min/L
CT required

Log removal of giardia required 0.5 0.5

Minimum temperature-~€} 12.5°C 3.8°C

Maximum pH 8.0 8.0
Total CT required 23.0 mg-min/L 42.0 mg-min/L
Inactivation ratio 1.39 1.25

@ Detention time is calculated based on 50 percent of the flow to FWPS 2 and 50 percent of the flow to FWPS 1.
b CT available is calculated by adding the clearwell CT to the contact pipe CT. A contact pipe CT of 17.9 mg-min/L was used

per the JWC WTP tracer study.

Notes
°C degrees Celsius
CcT chlorine concentration (C) x contact time (T)
FWPS finished water pump station
min minutes
MG million gallons
mg/L milligrams per liter
mg-min/L milligrams per minute per liter
MGD million gallons per day
WT1010161153PDX
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Table 16. Existing Finished Water Pump Station Capacities

Pump Number Nominal Capacity-{gp+#)}
FWPS 1
1 4,000 gpm
2 7,000 gpm
3 4,000 gpm
4 4,000 gpm
5 6,000 gpm
6 7,000 gpm
Peak pumping capacity-{gpm} 32,000 gpm
Peak pumping capacity{MGb} 46 MGD
FWPS 2
7 9,000 gpm
8 9,000 gpm
9 9,000 gpm
10 -
11 -
Peak pumping capacity-{gpm} 27,000 gpm
Peak pumping capacity{MGB} 39 MGD
Total
Peak pumping capacity®{M&B} 87.5 MGD
Firm pumping capacity-{MGb} 72 MGD

@ Based on June 2016 testing
Notes:

FWP finished water pump station
gpm gallons per minute
MGD million gallons per day

1.8.2 Evaluation of Existing System

Previous reports have indicated various pumping capacities up to 87 MGD (Carollo, 2012), with some
much lower. To verify the operating capacities, WTP staff tested the pumps in June 2016. All nine pumps
were set to operate at 100 percent and the clearwell started at full capacity. During this test both Fern
Hill reservoirs had depths of 23.6 feet (WSE at 513.6 feet). The pumps were run under normal operating
conditions and neither the reservoirs nor the 72--inch--diameter north finished water transmission line
were isolated. In general, this test was not conducted under worst--case hydraulic conditions. The
maximum observed pumping capacity was 82.5 MGD, which was maintained for approximately 20
minutes. The flow-meters are assumed to read approximately 6 percent low (based on previous
evaluation of flow-meter performance). Adjusting for this correction, the FWPS operated at 87.5 MGD.
Another test is planned after the flow-meters are replaced in 2016.
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1.8.3 Final Decision

Upon completion of the facility planning process, JWC decided to proceed with the replacement of three
existing pumps in FWPS 1 in-kind. The existing capacities are assumed to be sufficient to achieve the
required flow, and replacement of fwe-three pumps minimizes the cost while providing the necessary
improvements to operations and maintenance at the FWPS. Construction of a new FWPS will be
required as part of the seismic resiliency project in order to replace seismically deficient FWPS 1. The
new FWPS likely will be built with enough spare pump hetes-bays for the ultimate buildout. FWPS 2 may
be retrofitted for future seismic resiliency.

1.9 Chemical Building
1.9.1 Description of Existing System

The JWC WTP chemical systems are housed in two locations. The chlorine, alum, and polymer systems
are housed in the existing operations building, the powdered activated carbon (PAC) feed system is
adjacent to the operations building, and the caustic system is housed in the caustic building. Each
system consists of chemical storage, feed, and piping to one or more injection points.

1.9.2 Evaluation of Existing System

The existing chemical facilities were evaluated to determine the impact of project phasing on each
chemical system. For the Expansion to 85 MGD project, an analysis of historical data from 2010 to 2015
was performed to eempare-analyze the capacity of existing storage and pumping systems. The existing
operations building was previously evaluated and was identified as seismically deficient as part of the
JWC WTP seismic evaluation (Carollo Engineers, 2008b). Constructability analysis completed as part of
the 2015 CIP update (Carollo Engineers, 2015) concluded that mitigation of the existing building was not
feasible and replacement would be required. Therefore, for the seismic resiliency project, the evaluation
focused on the sizing of a new chemical facility.

Chierine

Chlorine. The system capacity is shown for the existing and 85--MGD systems in Table 17. The existing
chlorine system will be evaluated against these criteria to determine if the existing equipment is
sufficient for the increase in chemical usage during design.

Table 17. Chlorine Design Criteria
Parameter Existing Criteria 85 MGD*2

Chemical Type Gas chlorine

No. of Feed Locations 5

Chemical Usage

Minimum Day-{bs/day} 166 lbs/day 220 Ibs/day

Average Day-Hbs/day} 520 Ibs/day 720 Ibs/day

Maximum Day-Hbs/day} 1,060 lbs/day 2,720 |bs/day
Effective Storage Available-{{bs)® 12,000 Ibs 12,000 Ibs
Storage Time®

Average Day Dose-{days} 22 days 17 days

Maximum Day Dose-{days} 5.7 days 4.4 days

2 85-MGD values are escalated using the following equation: EXST * 88 / 68
2 Assumes 3 one-ton cylinders in use with 6 cylinders in standby.

Notes:
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Table 17. Chlorine Design Criteria
Parameter Existing Criteria 85 MGD*2

Ibs pounds
Ibs/day pounds per day
MGD million gallons per day

The existing chlorine system was characterized and evaluated as part of the Chlorine Disinfection and
Chlorine Residual Maintenance Study (Brown and Caldwell, 2013). Alternatives included gas chlorine
(existing disinfection), bulk sodium hypochlorite (12.5 percent bleach), and on-site sodium hypochlorite
generation{BSHG]. The study identified bulk sodium hypochlorite as the preferred chlorine alternative.
However, since the time of the study many WTPs in the northwest and throughout the country have
elected to install on-site sodium hypochlorite generation. -£The JWC WTP has noted a preference to
pursue onsGn-Site hHypochlorite gGeneration. Therefore, the future chemical building has been sized to
accommodate this alternative because it required the largest footprint compared to the other
alternatives. The final alternative selection will need to be decided during the seismic resiliency project
when the chemical building is planned to be constructed.

Ala—Alum. The system capacity is shown for the existing and 85--MGD systems in Table 18. The
existing alum system will be evaluated against these criteria to determine if the existing equipment is
sufficient for the increase in chemical usage during design.

The new chemical building planned for the seismic resiliency project was sized to allow for four4 storage
tanks with chemical containment and one +-duty 1 4-standby pump for each chemical injection point.

Table 18. Alum Design Criteria

Parameter Existing Criteria 85 MGD*2

Chemical Type 48% Aluminum sulfate

No. of Feed Locations 1

Chemical Usage

Minimum Day-{tbs/day)®2 1,550 |bs/day 2,000 |bs/day

Average Day-Hbs/day} 5,650 |bs/day 7,310 lbs/day

Maximum Day-{bs/day)*2 11,900 Ibs/day 15,400 lbs/day
Storage Tank Volume-{gah 26,500 gal 26,500 gal
Storage Available-{tbs)* 138,000 lbs 138,000 lbs
Storage Time

Average Day Dose-{days} 24 days 18 days

Maximum Day Dose-{eays} 6.0 days 4.7 days

@ 85-MGD values are escalated using the following equation: EXST * 88 / 68
b Values represent the 1st and 99th percentile of daily dose.
¢ Assumes a stock Alum concentration of 48 percent, density of 1.3 g/mL, and usable volume of 26,500 gal.

Notes:

g/mL grams per milliliter
gal gallons

Ibs pounds

Ibs/day pounds per day
MGD million gallons per day

Filter Aid Polymer. The system capacity is shown for the existing and 85 MGD systems in Table 19. The
existing polymer system will be evaluated against these criteria to determine if the existing equipment is
sufficient for the increase in chemical usage during design.
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Table 19. Filter Aid Polymer Design Criteria

Parameter Existing Criteria 85 MGD*2

Chemical Type 0.42% Filter Aid Polymer Liquid Solution

No. of Feed Locations 1

Chemical Usage

Minimum Day-{tbs/day)®2 1.6 Ibs/day 2.1 lbs/day

Average Day-Hbs/day} 6.8 |bs/day 8.8 Ibs/day

Maximum Day-{bs/day)®® 24 |bs/day 31 Ibs/day
Storage Tank Volume-{gah 330 gal 330 gal
Storage Available-{tbs)¢ 11 lbs 11lbs
Batch Frequency

Average Day Dose-{days} 1.6 days 1.2 days

Maximum Day Dose-{days} 0.33 days 0.25 days

2 85-MGD values are escalated using the following equation: EXST * 88 / 68

b Values represent the 1st and 99th percentile of daily dose.

¢ Assumes a liquid polymer concentration of 0.42 percent, density of 0.97 g/mL, and usable volume of 330 gal in day tank.
Notes:

g/mL grams per milliliter
gal gallons

Ibs pounds

Ibs/day pounds per day

MGD million gallons per day

The new chemical building planned for the seismic resiliency project was sized to allow for two storage
tanks with chemical containment and one duty and one standby pump for each chemical injection point.

Powdered Activated Carbon. The existing PAC feed system is located outdoors adjacent to the existing
chemical building. This facility is used temporarily during taste and odor events and the expansion to 85
MGD is not expected to affect its ability to meet these operational goals. The new chemical building
planned for the seismic resiliency project has been sized to accommodate a new PAC feeder and a
limited quantity of super sack storage.

Caustic. The existing caustic system is located in the caustic building adjacent to FWPS 2. System
capacity is shown for the existing and 85--MGD systems in Table 20. The equipment does not currently
have the ability to feed caustic at multiple injection points, which caused operational issues during a
storm event in December 2015. The pump redundancy and piping scheme will require further review.
The ultimate facility plan should incorporate the inclusion of the caustic system in the new chemical
facility to consolidate chemical storage to a single area.

Table 20. Caustic Design Criteria

Parameter Existing Criteria 85 MGD*2
Chemical Type 50% Sodium hydroxide
No. of Feed locations 1 2

Historical usage

Minimum day-{Hbs/day}?2 670 lbs/day 860 |bs/day

Average day-{bs/day} 2,550 |bs/day 3,300 lbs/day

Maximum day-{tbs/day)?2 5,510 Ibs/day 7,130 Ibs/day
Storage available-{gah} 12,800 gal 12,800 gal
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Table 20. Caustic Design Criteria

Parameter Existing Criteria 85 MGD*2
Storage available-{tbs)¢ 81,500 lbs 81,500 lbs
Storage time
Average day dose-{days} 31 days 24 days
Maximum day dose-{days} 10 days 7 days

2 85-MGD values are escalated using the following equation: EXST * 88 / 68

b Values represent the 1%t and 99t percentile of daily values.

¢ Assumes a liquid sodium hydroxide concentration of 50 percent, density of 1.53 g/mL, and usable volume of 12,800 gal.
Notes:

g/mL grams per milliliter

gal gallons

Ibs pounds

Ibs/day pounds per day

MGD million gallons per day
NaOH  sodium hydroxide

1.9.3 Final Decision

Upon completion of the facility planning process, the following upgrades were identified for each
construction phase:

e 75-MGD expansion—The caustic system does not currently have the redundant capacity to dose at
both the flash mix and clearwell. Additional capacity will be added.

e 85-MGD expansion—Some of the chemical feed equipment may need to be replaced to
accommodate larger plant flows. Existing storage is expected to be sufficient to meet the increase
in chemical demands, but storage tank sizing will be confirmed during project predesign. The extent
of pumps to be replaced will be determined as a part of detailed design.

e Seismic resiliency project—The operations building is seismically vulnerable and has been identified
for replacement as a part of the 85-MGD seismic project. The new chemical building will include
space for chlorine, alum, polymer, and PAC, with room for expansion to the ultimate capacity.

e Ultimate buildout—Additional equipment will be installed in the new chemical building constructed
as a part of the seismic resiliency project to reach the ultimate capacity. Caustic is included for sizing
purposes only to allow for adequate space to be allocated if the caustic system is moved into the
chemical facility as part of ultimate buildout. The criteria used for new chemical building sizing is
shown in Table 21.

2.0 Solids Handling Process

The solids handling system at the JWC WTP consists of washwater surge basins, recycle pumping,
washwater clarification, sedimentation basin solids pumping, and solids drying beds.

2.1 Waste Washwater Surge, Recycle, and Clarification

2.11 Description of Existing System

Waste washwater, which includes filter-to-waste and backwash waste from the filter backwash cycle,
flows to two surge basins by gravity for equalization prior to being pumped to the gravity thickeners.
The recycle pump station consists of three constant speed pumps that transfer the waste washwater to
the thickeners. The number of pumps online at any given time is dependent on the surge basin level.
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The pumps are rated at 750 gpm each. However, due to hydraulic limitations, the system is only capable
of pumping 1,300 gpm with two pumps and 1,800 gpm with three pumps online.

Table 21. Ultimate Buildout Chemical Design Criteria

Parameter

Criteria

Chlorine (Onsite Sodium Hypochlorite Generation)

Dose+ mgfl) Same as Existing
Salt Storage Time-{days} 30 days
No. of hypochlorite generators 2
Days of hypochlorite storage 3
No. of hypochlorite feed pumps 5+5
Building Footprint+{se-ft} 6,700 sq ft
Alum
Dose-mgft) Same as Existing
Storage Time-{days} 30
No. of Metering Pumps 1+1
Building Footprint+{se-ft} 2,700 sq ft
Polymer
Dose-mgft) Same as Existing
No. of Metering Pumps 1+1
Building Footprint+{se-ft} 1,000 sq ft
PAC
Dose-mgtt) Same as Existing
No. of dry feed systems 1
Building Footprint+{se-ft} 1,000 sq ft
Caustic
Dose4{mgft) Same as Existing
Storage Time-{days} 30 days
No. of Metering Pumps 2+2
Building Footprint+{se-ft} 1,000 sq ft
Notes:
ft feet
PAC powdered-activated carbon
sq ft square foot or feet

The gravity thickeners are 45-foot-diameter circular clarifiers with center inlet and launders around the
perimeter. The clarifiers were installed as part of the original WTP to thicken sedimentation basin solids
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and backwash waste prior to mechanical dewatering via belt press. After the belt press system was
removed, the thickeners were repurposed for use as backwash clarifiers. The decant is recycled back to
the head of the plant and the solids waste is periodically discharged to the solids ponds. The existing
backwash process and facilities are shown in Figure 29 and Figure 30.

Surge  Recycle pump Gravity thickeners Thickened sludge
basins station pump station
fmmmmmmmma RAPID MIX
BACKWASH \__ BWW l_‘ BWW! [RepOWIX__>

WASTE

SL_[SLUDGE
PONDS

BWW

SL

Sludge
ponds

Filter
backwash

Figure 30. Existing Backwash Facilities

2.1.2 Evaluation of Existing System

Evaluation of the existing backwash surge and recycle system focused on pumping capacity and gravity
thickener limitations. Data from WTP operation in the summer of 2015 showed that the WTP was
limited by the ability to recycle waste washwater, which limited the plant production to 68 MGD. This
occurred because the recycle system is not capable of recycling the number of consecutive backwashes
that are required to achieve the maximum filter capacity at the filter run lengths experienced. Since a
filter backwash takes 45 to 55 minutes from start to finish, the washwater recycle system must be
capable of recycling the maximum volume of washwater produced from one filter backwash every hour
for the plant to be capable of achieving the maximum net filtration capacity possible, 72 MGD, with the
existing filters, as stated in Section 1.6.2.
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There are two components to the limitations associated with the washwater recycle system. The first is
the hydraulic capacity of the recycle pump system. This limitation is primarily due to a section of small-
diameter pipe that runs through the operations building between the recycle pumps and the gravity
thickeners. This is limiting the capacity of the recycle pump station to 1,800 gpm with all three pumps
online. Even with the removal of the hydraulic limitations, the existing recycle pumps would not have
adequate capacity for the required backwash frequency to operate at 75 MGD.

The second critical limitation is the loading rate/capacity of the gravity thickeners. Based on analysis
conducted as a part of the 2012 pRlant eExpansion pRreliminary dBesign (Carollo Engineers, 2012), the
loading rate for the thickeners was determined to be 0.24 gpm/sf, 0.40 gpm/sf, or 0.57 gpm/sf with one,
two, or three pumps on, respectively. With a target normal max loading rate of 0.40 gpm/sf, the
thickener capacity is 1,300 gpm, which would limit the plant to a maximum of one backwash every 1.5
to 1.8 hours or approximately one backwash per filter per day.

The surge system capacity was evaluated based on the number of consecutive backwashes that need to
be equalized by the surge system. Typical WTP design practice is to size surge basins to store two filter
backwashes and size the recycle system to pump the maximum daily washwater produced by the filters.
Additional surge capacity provides limited value because an adequately sized recycle system will limit the
need to store additional washwater and if the recycle system is undersized, no amount of surge capacity
will be able to store multiple days’ worth of backwashes at maximum plant flow. Currently the surge
capacity of 235,000 gallons is adequate to equalize just less than two filter backwashes (280,000 gallons).

Using backwash clarification was evaluated with the understanding that while some form of solids
removal or dilution is necessary prior to recycling to prevent direct recirculation of pathogens removed
by the filters, having a separate backwash clarification system for systems that use lagoons or drying
beds for solids dewatering is uncommon. Instead, many plants with large basins send backwash waste
directly to the lagoons or drying beds prior to recycling the decant water back to the head of the plant.
Evaluation of the settling capacity of the solids drying bed showed that the solids drying beds are
capable of providing backwash clarification with lower loading rates than the gravity thickeners. At the
same flow rate a single solids drying bed would have a hydraulic loading rate of approximately 0.02 to
0.03 gpm/sf as shown in Figure 31. In the current configuration, there is significant short circuiting in the
solids drying beds as observed by the flow channels in the sludge. The short circuiting will be addressed
if the solids drying beds are used for backwash clarification.

Hydraulic Loading Rates
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Figure 31. Loading Rates of Gravity Thickeners Compared with Solids Drying Beds
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2.1.3 Design Criteria and Capacity

The capacity of the backwash surge, recycle, and backwash clarification system is a function of surge
volume and recycle/thickening capacity. The surge basin must have enough capacity to equalize a full
filter backwash with enough contingency to account for operational uncertainty. To accommodate
maximum filter flow, the recycle pump station must be able to draw down the surge basins at a rate
equal to the average backwash flowrate into the surge basins. A summary of the design criteria is shown
in Table 22.

Table 22. Backwash Surge, Recycle, and Clarification Design Criteria

Parameter Existing 85 MGD
Backwash Surge
BW volume from consecutive BWs 280,000 gal 420,000 gal®
Total surge volume;galens 235,000 gal 515,000 gal
Surge basin construction Concrete Concrete

Backwash Recycle Pump Station

Maximum total daily backwash volume,gatens 1,820,000 gal 3,920,000 gal
Pumping capacity,gpm 1,300 gpm 2,750 gpm
Number of pumps 2+1 2+1
Capacity per pump;gpm 750 gpm 1,375 gpm

Gravity Thickeners (Backwash Clarification)

Maximum hydraulic loading rate,gpm/st 0.4 gpm/sf 0.4 gpm/sf
Maximum solids loading rate,tes/st-day 4.0 Ibs/sf-day 4.0 lbs/sf-day
Maximum flow rate,gpm 1,300 gpm 2,750 gpm
Maximum design solids loadinglbs/day 13,000 Ibs/day 27,750 lbs/day

@Based on one large (924 sf) and one small (462 sf) filter backwashing back to back.

Notes:
BW backwash
gal gallons
gpm gallons per minute
gpm/sf gallons per minute per square foot
Ibs/day pounds per day
Ibs/sf-day pounds per square foot per day
MGD million gallons per day
sf square foot
2.14 Alternatives Considered

Alternative 1: Increase Capacity of Existing System. This alternative would expand on the existing
system through the construction of a 140,000--gallon surge basin adjacent to the existing surge basins,
replacement of recycle pumps in the existing pump station, replacement of thickener mechanisms in the
existing gravity thickeners, replacement of the thickened sludge pumps, and construction of two new
gravity thickeners. It was determined that two additional gravity thickeners were required (as opposed
to one) due to the need to have more than double the recycle pumping capacity, as shown in Table 22.
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All of the assets included in this alternative are stranded cost, as the seismically vulnerable backwash
surge system is planned to be replaced in a location closer to the solids drying beds during the future
seismic upgrade project. As such, this alternative did not include any foundation stabilization in the
alternative costs. The concept for this alternative is shown in Figure 32 and Figure 33.

Alternative 2: New Combined 280,000-Gallons Surge and Backwash Clarifier. This alternative would
duplicate the existing system through the construction of a new 280,000-gallon combined surge basin
and clarifier on the south side of the plant near the solids drying beds. The alternative would also
include a new recycle and thickened sludge pump station to handle the discharge from the new basin.
The existing surge basins and gravity thickeners would continue to be used as a backup system during
high plant production, and the existing gravity thickener mechanisms would be replaced as identified in
the 2015 CIP update (Carollo Engineers, 2015).
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Figure 32. Backwash Surge Alternative 1 Process Flow
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Figure 33. Backwash Surge Alternative 1 Layout

The combination of the surge basin with the backwash clarification system by means of a floating plate
decanting system is a relatively new concept that has been successfully practiced in other WTPs. This
method is especially helpful when there is limited area to construct backwash handling facilities and is
ultimately determined in consideration of construction cost, available site space, and operational
flexibility concerns.

The rehabilitation of the existing gravity thickeners in this alternative would be the only stranded cost
but the new construction would lay the groundwork for a new combined surge/backwash clarification
facility to be fully built out as part of the 2026 seismic resiliency project. The concept for this alternative
is shown in Figure 34 and Figure 35.
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Figure 34. Backwash Surge Alternative 2 Process Flow
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Figure 35. Backwash Surge Alternative 2 Layout

Alternative 3: New Combined 560,000-Gallon Surge and Backwash Clarifier. This alternative would
replace the existing system through the construction of a new 560,000-gallon surge basin and combined
backwash cIarlfler closer to the solids drylng beds—anel—a—l40—999—ga#en—swge—ba&m—ad1aeem—te—the

2 ; ien. This option
follows the same concept as Alternative 2, but buﬂds out the complete future surge and backwash
clarification facility as a part of the 2019 expansion project. None of this alternative results in stranded
cost. The concept for this alternative is shown in Figure 36 and Figure 37.
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Figure 36. Backwash Surge Alternative 3 Process Flow
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Figure 37. Backwash Surge Alternative 3 Layout
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Alternative 4: New Surge Basin Designed for Future Floating Plates. This alternative includes the
construction of a new 280,000-gallon surge basin designed to accommodate floating plates in the
future. This would allow JWC to install plate settlers in the basin at a future time to convert it to
Alternative 2 or expand it to match Alternative 3. The new surge basin would include recycle pumps to
pump water from the surge basin to the solids drying beds.

This alternative is based on the premise that backwash clarification is not currently required at JWC
because this function can be accomplished by the solids drying beds. After evaluating this alternative
with respect to the impact on the solids drying beds (based on input from JWC staff), this approach was
found to be not feasible without the addition of an “extra” solids drying bed to allow sedimentation
basin solids and waste washwater solids to be sent to separate solids drying beds. This ultimately will
require two solids drying beds online at a time instead of just one. There are no stranded costs
associated with this alternative. The concept for this alternative is shown in Figure 38 and Figure 39.
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Figure 38. Backwash Surge Alternative 4 Process Flow
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Alternative 5: New 280,000-Gallon Surge Basin and Remove Gravity Thickeners. This alternative would
expand on the existing system through the construction of a 280,000-gallon surge basin adjacent to the
existing surge basins and replacement of recycle pumps in the existing pump station. The backwash
clarification system would be removed from the facility resulting in the surge basin effluent being
pumped directly to the solids drying beds. As such, the existing gravity thickeners would be
decommissioned or removed.

This alternative is based on the premise that backwash clarification is not currently required at JWC
because this function can be accomplished by the solids drying beds. After evaluating this alternative
with respect to the impact on the solids drying beds (based on input from JWC staff), this approach was
found to be not feasible without the addition of an “extra” solids drying bed to allow sedimentation
basin solids and waste washwater solids to be sent to separate solids drying beds. This ultimately will
require two solids drying beds online at a time instead of just one.

All assets included in this alternative are stranded cost, as the seismically vulnerable backwash surge
system is planned to be moved to location closer to the solids drying beds when it is replaced for seismic
reasons. As such, this alternative did not include any foundation stabilization in the alternative costs.
The concept for this alternative is shown in Figure 40 and Figure 41.
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Figure 40. Backwash Surge Alternative 5 Process Flow
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Figure 41. Backwash Surge Alternative 5 Layout
Alternative 6: New 280,000-Gallon Surge Basin and Recycle Pump Station in New Location. This
alternative would remove the existing gravity thickeners and expand the surge and recycle pumping
system with new facilities on the south side of the plant. This new facility would form the basis for
future expansion of the surge and recycle system when the existing system is replaced as a part of the
2026 seismic resiliency project.

This alternative is based on the premise that backwash clarification is not currently required at JWC
because this function can be accomplished by the solids drying beds. After evaluating this alternative
with respect to the impact on the solids drying beds (based on input from JWC staff), this approach was
found to be not feasible without the addition of an “extra” solids drying bed to allow sedimentation
basin solids and waste washwater solids to be sent to separate solids drying beds. This ultimately will
require two solids drying beds online at a time instead of just one. There are no stranded costs
associated with this alternative. The concept for this alternative is shown in Figure 42 and Figure 43.
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Figure 42. Backwash Surge Alternative 6 Process Flow
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Figure 43. Backwash Surge Alternative 6 Layout

Alternative 6a: New 280,000-Gallon Surge Basin and Recycle Pump Station in New Location with
“Extra” Solids Drying Bed for Backwash Water Only. This alternative matches Alternative 6, with the
exception that an “extra” solids drying bed in addition to that required for an operable drying cycle will
be constructed to provide flexibility in solids application to the solids drying beds. The “extra” solids
drying bed will be used to allow waste washwater to be sent directly from the surge to a clean solids
drying bed. Once it is time for rotation of the drying beds, the sedimentation basin solids will be sent to
the solids drying beds previously in use for waste washwater and the waste washwater application will
be rotated to a new clean drying bed.

Alternative 7: New 560,000-Gallon Surge Basin and Recycle Pump Station in New Location. This
alternative would remove the existing gravity thickeners and replace the surge and recycle pumping
system with new facilities on the south side of the plant. This new facility would be adequate for the
long--term future of the WTP and would not require additional improvements as part of the 2026
seismic resiliency project.

This alternative is based on the premise that backwash clarification is not currently required at JWC
because this function can be accomplished by the solids drying beds. After evaluating this alternative
with respect to the impact on the solids drying beds (based on input from JWC staff), this approach was
found to be not feasible without the addition of an “extra” solids drying bed to allow sedimentation
basin solids and waste washwater solids to be sent to separate solids drying beds. This ultimately will
require two solids drying beds online at a time instead of just one. There are no stranded costs
associated with this alternative. The concept for this alternative is shown in Figure 44 and Figure 45.
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Figure 44. Backwash Surge Alternative 7 Process Flow
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Figure 45. Backwash Surge Alternative 7 Layout

2.15 Summary of Costs

A summary of costs for each alternative is presented in Table 23.
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Table 23. Backwash Surge Alternative Costs

Project Cost Stranded Cost

Alternative (million) (million)
Alternative 1—Increase capacity of existing system (no seismic foundation) S5.1 $4.9
Alternative 2—New combined 280,000-gallon surge and backwash clarifier (maintain $6.7 $1.0
existing equipment)
Alternative 3—New combined 560,000-gallon surge and backwash clarifier (replaces $9.1 SO
all existing equipment)
Alternative 4—New surge basin designed for future floating plates (maintain existing $3.9 SO
surge)
Alterative 5—New 280,000-gallon surge basin and remove gravity thickeners (new $1.9 $1.7

surge basin with existing, no seismic foundation)

Alternative 6—New 280,000-gallon surge basin and recycle pump station in new $3.2 SO
location
Alternative 6a—New 280,000-gallon surge basin and recycle pump station in new $4.9 SO

location with “extra” solids drying bed for backwash water only

Alternative 7—New 560,000-gallon surge basin and recycle pump station in new $5.0 SO
location
2.1.6 Final Decision

2019 Expansion to 75 and 85 MGD. Alternative 6a was selected for the 2019 WTP expansion to bring
the plant to 85--MGD capacity and fer-add ded-flexibility with backwash water. Of this cost, the recycle
pumping capacity is split between the 75- and 85-MGD projects (to bring the plant capacity up from 68
MGD). The surge basin is a part of the 85-MGD expansion only. This alternative was selected in order to
minimize 2019 project cost and stranded cost. In addition to the improvements to the backwash system
stated above, this alternative was paired with the addition of an “extra” solids drying bed (two new for a
total of five) to mitigate the removal of the backwash clarifiers (gravity thickeners).

2026 Seismic Resiliency Project. The 2026 seismic resiliency project will consist of the expansion of the
surge basin at the new location from 280,000 gallons to 560,000 gallons and removal of the existing
surge basin and recycle pump station.

Ultimate WTP Buildout. The system constructed as part of the 2026 seismic resiliency project is
expected to have adequate capacity for ultimate buildout, with the exception of the recycle pump
station capacity, which may need to be increased. This is because the size of the surge basins is
dependent on the filter size and not the number of filters.

2.2 Sedimentation Basin Solids Conveyance
2.2.1 Description of Existing System

Solids collection mechanisms gather the settled solids into a common 6-inch pipe where they are
conveyed to one of three locations as shown in Figure 46: (1) to the solids diversion pump station for
delivery to the solids drying beds, (2) to the sludge ponds by gravity, or (3) to the surge basins. The
settled solids are typically conveyed to the solids drying beds via the solids diversion pump station at an
average settled sludge flowrate of about 120 gpm. The solids diversion pump station operates two 15-
horsepower pumps as duty/standby, each rated for 450 gpm at 60 feet of head. Note that the 6-inch
settled solids pipeline is also utilized to drain sedimentation basins when they are taken out of service.
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2.2.2 Evaluation of Existing System and Capacity

The settled solids system capacity is limited by the capacity of the solids diversion pump station and
system hydraulics in the piping network. Settled sludge flows were calculated for the 85--MGD and
future plant expansions and are shown in Table 24.

The solids diversion pump station appears to have sufficient capacity for near term improvements;
however, a flow test will need to be conducted to verify the findings. Note that when the solids
blowdown from the sedimentation basins is greater than the solids diversion pump capacity, the system
overflows to the surge basin.

Finally, an analysis was conducted to determine the impact of utilizing the sludge blowdown pipeline for
basin drainage. The flocculation/sedimentation basins each hold over 1 million gallons of water;
therefore, to drain a single basin through the 6-inch settled solids pipeline takes over 24 hours. This
draining also requires careful coordination with other sedimentation basins that would need to utilize
the pipeline for sludge blowdown as well. A new dedicated drainage line is recommended to resolve
these issues.

LEGEND

s Surge basin overflow
SDB discharge
= Solids lagoon discharge

Figure 46. Existing Sedimentation Basin Solids Conveyance System
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Table 24. Sedimentation Basins Blowdown Flowrates

Current 85 MGD Ultimate
Average blowdown flow,gpm 120 gpm 150 gpm 190 gpm
Maximum blowdown flow;gpm 290 gpm 360 gpm 450 gpm
Notes:
gpm gallons per minute

MGD million gallons per day

2.2.3 Final Decision

The existing settled solids conveyance pipeline and solids diversion pump station appear to have
sufficient capacity for the 2019 WTP expansion. A new 12-inch drainage pipeline to each sedimentation
basin will be constructed with connections to the solids diversion pump station and new surge basin to
provide greater drainage capacity and flow separation. Modifications to the existing sludge piping will be
considered as part of detailed design to ensure that the operators have flexibility as to where the settled
solids are sent.

2.3 Solids Dewatering
2.3.1 Description of Existing System

Settled sludge from the sedimentation basins and gravity thickeners is currently dewatered via two
separate pathways. Sedimentation basin solids are pumped by the solids diversion pump station to the
solids drying beds and waste washwater solids are pumped from the gravity thickeners to the sludge
ponds.

The sludge ponds are a passive system to dewater solids from the gravity thickeners. Once a sludge
pond is filled with sludge, the operator must change the discharge location to a new sludge pond. The
dewatering mechanism is both infiltration and evaporation and the dewatering time can vary greatly
due to variations in the temperature, precipitation, and groundwater levels.

The three engineered solids drying beds were constructed in 2005 and consist of an engineered system
for solids dewatering. The average bed size is approximately 57,700 square feet with a solids capacity of
240,000 cubic feet at a solids depth of 4 feet (maximum water level is 6 feet). Sludge enters each bed
through two influent pipes on the northern edge and travels through the open bed, where low velocities
and long detention times allow solids to settle to the bottom. The supernatant is decanted over a weir
whieh-that maintains a constant water level in the drying bed. The water is subsequently pumped from
the decant pump station to be recycled to the rapid--mix facility. After a period of solids loading, the
underdrains are opened to drain the basin and further drying is allowed via surface evaporation for a
period of months.

The current operations method alternates solids loading between two solids drying beds while the third
bed is in a prolonged drying mode. In summer months, however, the plant staff also use the sludge
ponds to avoid overloading the solids drying beds that are in fill mode. Typically, at least one bed is
cleaned out each year at the end of summer to allow for maximum drying. Figure 47 shows the location
of the existing solids drying beds and sludge ponds.
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Figure 47. Existing Solids Drying Beds

2.3.2 Evaluation of Existing System

Evaluation of the existing solids dewatering system focused on solids drying bed solids capacity and
schedule optimization. Data from WTP operation of the solids drying beds from 2008 until 2016 showed
that the WTP was limited by the ability to achieve adequate solids drying while handling the full solids
loading with three solids drying beds. This occurred because of limitations to the solids drying bed
capacity, drying times, and uneven solids distribution throughout the beds.

The evaluation has identified a drying time of 12 months for optimal solids concentration prior to
disposal or re-application of solids, which has proven difficult to achieve due to the solids capacity
limitations in the two solids drying beds that are scheduled for solids application. The capacity of the
solids drying bed primarily depends on the volume of applied solids during fill mode. Testing performed
in 2011 by a graduate student from the Oregon Health and Science University (OHSU) showed a percent
solids during fill mode of 7.5 percent on average, resulting in a solids concentration of 4.9 pounds per
cubic foot (Ib/cf) (OHSU, 2011). The same study showed percent solids as high as 70 percent during
drying mode when the sludge in the solids drying beds during filling was kept to 1 foot or less. Solids
disposal costs are based on weight, rather than volume, sent to the landfill. Therefore, sludge with a
higher percent solids is desirable because it has less excess water and, hence, less excess weight that
needs disposaled. Figure 48 shows the annual tons of solids disposed and annual disposal cost for solids
as compared to the percent solids concentration (the higher the drier) of the solids to be disposed.
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Figure 48. Solids Disposal Cost by Weight Percent Solids

An operational model was developed to evaluate the solids production throughout the year and
optimize the schedule for the 85-MGD expansion project. The model used historical solids production
data to predict solids loading times for each of the evaluated alternatives based on a recommended
drying time of 12 months. The four- and five-bed alternatives resulted in a recommended solids loading
depth of 3.5 and 3.0 feet, respectively, both of which are acceptable according to the design criteria and
historical data presented in Figure 49.

Regarding solids distribution, operators have observed that solids do not settle equally throughout the
beds. Solids tend to accumulate at greater depths on or near the influent pipes and at relatively shallow
depths near the effluent decant weir. This prevents solids from drying evenly and does not allow the
operators to fully utilize the capacity of the solids drying beds. Measurements taken with a sludge judge
during the OHSU study showed that solids depths at the outlet end were 30 percent lower than solids
depths at the inlet, on average.

As previously mentioned, the solids drying beds were evaluated to determine if they had sufficient
capacity and detention times to accommodate the backwash waste solids. The solids drying bed can act
as a large clarifier with much longer detention times than those provided by the gravity thickeners to
allow for ample settling of the fine particles.
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Figure 49. Historical Drying Time and Resultant Percent Solids for Low and High Solids Loading

2.3.3

Design Criteria/Capacity

The capacity of the solids drying beds is a function of the drying bed size, solids loading rate, and time

available for drying. The solids drying beds must be large enough to accommodate the solids loading

while allowing ample drying time for the beds that are in drying mode. A summary of the design criteria

is shown in Table 25.

Table 25. Solids Dewatering Design Criteria

Parameter

Criteria

Sedimentation Basin Solids

Solids production;tes/year

2,500,000 Ibs/yr

Maximum solids loading rate;tbs/sf 17 lbs/sf
Assumed solids concentration during fill,percentselids 7.5 percent solids
Solids density during fill+es/ef 65 Ibs/cf
Maximum recommended fill depth;feet 3.5 feet
Average fill time per basin,+wenths 4 months
Drain time per basinmenths 1 months
Drying time per basin;+menths 11 months

Dried solids target;percentselids

30 to 40 percent solids

Notes:
Ibs/cf pounds per cubic foot
Ibs/sf pounds per square foot

Ibs/year pounds per year
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2.3.4 Alternatives Considered

Alternative 1: One Additional Solids Drying Bed. This alternative would expand on the existing system
through the construction of a 65,000-square--foot solids drying bed with decant structure and
associated piping adjacent to the existing solids drying bed 3. This would provide the necessary
additional solids dewatering capability for 85 MGD. Based on analysis, the plant would be able to
operate the bids with 12 months of draining/drying time for each bed. The concept for this alternative is
shown in Figure 50.
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Figure 50. Solids Dewatering Alternative 1 Layout and Process Flow

Alternative 2: Two Additional Solids Drying Beds. This alternative would expand on the existing system
through the construction of two 65,000-square-foot solids drying beds with decant structure and
associated piping adjacent to the existing solids drying bed 3. This would provide the necessary
dewatering capacity for the 85-MGD expansion and provide additional operational flexibility. This
alternative would also increase the drying/draining time per bed to 15 months per basin. While some
additional drying would occur in the extra time, it would be nominal as compared to the drying that
occurs in 12 months. The concept for this alternative is shown in Figure 51.
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Figure 51. Solids Dewatering Alternative 2 Layout and Process Flow

Alternative 3: Mechanical Dewatering. This alternative would replace the solids drying beds with a
mechanical dewatering facility that would utilize a belt filter press, centrifuge, or screw press. This
alternative would require backwash clarification, sludge thickening, thickened sludge blending, and
additional pump stations. The anticipated percent dry solids is 16 to 25 percent, depending on the
selected method for mechanical dewatering. All mechanical dewatering methods considered were
similarly priced. The centrifuge was the lowest cost and was used as a baseline cost. The process flow
concept for this alternative is shown in Figure 52.

Filter backvyash Recycle_ Backwash waste
surge basins pump station clarifiers
BACKWASH\ _BWw BW | o BWW
WASTE T !
5 :
5 :
Thickened sludge i '
ump stationl ~ =-------- !
pump ss
_________ | | GTR

RAPID >
MIX

s : Gravity thickeners ]
. ' Thickened sludge  Sludge blending
i ' pump station Il tanks
[} [}

ss
Lemmmm !
Solids diversion
pump station
SoLIDS ' H
| | GTR

BS F--——- >
Blended sludge

I
. . SPR '

pump station Screw press dewatering 1 H‘
| BS soL :

! 1
T | s i » SOLIDS TO
: : crew conveyor : OFFSITE
]
. | : | |
1 1 ]
PR D b -

Figure 52. Solids Dewatering Alternative 3 Layout and Process Flow
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Alternative 4: Use a “Brown Bear” Auger Machine to Enhance Performance of Drying Beds. This
alternative is a supplement to Alternatives 1 and 2, and includes the purchase of an auger machine to
break up solids during the drying phase. This process can enhance the performance of a solids drying
bed by turning and breaking the solids such that the bottom layer can have more contact with air and
sunlight. Figure 53 shows an example of a Brown Bear auger machine.

Figure 53. Alternative 4—Example of a Brown Bear Machine
Source: Brown Bear Corporation (www.brownbearcorp.com);

2.3.5 Summary of Costs

Table 26 summarizes the costs for the solids dewatering alternatives.

Table 26. Solids Dewatering Alternative Costs

Alternative Total Project Cost (million) Stranded Cost (million)
Alternative 1—One Additional Solids Drying S1.7-millien SO-millien
Bed
Alternative 2—Two Additional Solids Drying S3.4-millien SO-millien
Beds
Alternative 3—Mechanical Dewatering S17-millien SO-millien
Alternative 4—Brown Bear $0.425,000° SO-millien

@ Cost assumes the purchase of new equipment.

2.3.6 Final Decision

One of the main considerations for solids handling is land availability. Solids drying beds require a lot of
land for efficient drying while mechanical dewatering can be done in a relatively small area. JWC has a
large amount of available land, making solids drying beds a good candidate for the solids handling.
Alternative 1 was selected for the 2019 WTP expansion to bring the plant to 85-MGD capacity as there
was limited value in increasing the solids drying time from 11 to 15 months.

To address concerns regarding removal of the gravity thickeners without replacement of another
backwash clarification alternative, JWC decided to proceed with the installation of a fifth solids drying
bed and piping to allow waste washwater to be kept separate from sedimentation basin solids. This
addresses concerns with the mixing of backwash solids and settled solids by providing flexibility in the
solids handling operations.
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Based on historical data, JWC WTP is able to achieve a higher percent solids concentration with the
existing solids drying beds than they would be able to achieve with mechanical dewatering facilities.
Having JWC pursue the use of a Brown Bear aAuger mMachine to produce a higher percent solids by
churning the drying solids at regular intervals is recommended.

The 2026 seismic resiliency project will not require any additional modifications, as the solids drying
beds and associated infrastructure will be designed for seismic resiliencye. A sixth solids drying bed is
assumed to be required for the ultimate plant buildout to allow the JWC WTP to continue similar
operation with the increased capacity. The location of the additional drying bed is shown in Figure 54.

Figure 54. Location of a Sixth Solids Drying Bed for Ultimate Buildout

2.4 Solids Disposal
241 Description of Existing System

Once the solids have been dewatered, dried solids are cleaned out and sent to the Hillsboro Landfill
eight8 miles away. Based on historical data, solids are removed from the sludge ponds and drying beds
at a rate of approximately 1,200 tons per year. At an average cost of $43 per ton of solids, the JWC WTP
spends $52,000 on landfill fees and $35,000 on excavation and haul per year for a total average of
$87,000 per year.

2.4.2 Evaluation of Existing System

JWC previously evaluated alternatives for solids disposal as part of the JWC Water Treatment Plan Solids
Handling and Chlorine Scrubber Upgrade (MWH-, 2008). This study identified concerns related to the
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aluminum content of the JWC solids that limit its reuse alternatives. The final recommendation from this
study was to continue with landfilling of solids at the Hillsboro Landfill. The critical factors for reducing
the cost of solids disposal at JWC are reduction in the cost of excavation and hauling and reduction in
the cost of disposal through reduced weight resulting from drier solids. This alternatives analysis did not
consider purchasing land for a JWC-owned monofill.

24.3 Design Criteria/Capacity

Table 27 shows the solids disposal design criteria.

Table 27. Solids Disposal Design Criteria

Solids Disposal

Existing

85 MGD

Annual solids production;tes/y

2,500,000 lbs/yr

3,100,000 Ibs/yr

Annual dry solids productiontens/y 1,250 tons/yr 1,550 tons/yr
Average percent solids,-pereent 40 percent 40 percent
Annual wet solids production,tensfyr 3,100 tons/yr 3,900 tons/yr
Landfill unit cost per ton (2016)S/ten $43 $43
Annual tlandfill cost;-SAy $133,000 $167,000
Annunal Llandfill excavation and haul cost;-S/Awtyr® $30,000 $37,000
Annual Qon-site excavation and haul cost;-SAw $23,000 S0
Total annual cost,$/yr $186,000 $204,000

2 Based on an average excavation and haul cost that is 22 percent of tipping fee.

S/ton—costperton
S/y———costperyear

Ibs/yr pounds per year

MGD million gallons per day
tons/yr tons per year

2-4-32.4.4Alternatives Considered

Alternative 1: Continue Sending Solids to the Hillsboro Landfill. This alternative requires no changes;
however, it assumes that the landfill will continue to accept the solids. At some point, the landfill will
close, forcing JWC to identify another landfill (likely located faurther away from the WTP) or transition
to another disposal alternative.

Alternative 2: JWC-Owned Monofill. This alternative would include the purchase of land for creation of
a monofill near the WTP. A site-specific evaluation of this alternative has not been conducted, but the
following items are typically required for new monofill development:

e Environmental permitting process
e Buffer from adjacent facilities, wetlands, waterways, and property lines
e Import of foreign soils for landfill capping, typically 25 percent of total fill volume

e Maintenance activities typically to include compaction, repair of landfill following erosion events,
and sampling of monitoring wells

The monofill would reduce ongoing costs by hauling a shorter distance and paying no landfill tipping
fees. Changing the solids disposal to a monofill would also shift the long--term risk of contamination
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from the solids onto JWC. The monofill would likely require 10 to -20 acres, but further study is needed
to confirm the size and associated costs.

2:4-42.4.5Final Decision

For the near term, it is recommended that JWC continue to excavate and haul their solids to the
Hillsboro landfill. JWC should alse-identify an alternative landfill to use should Hillsboro close. It is also
recommended that JWC complete a more in-depth evaluation of the monofill alternative before
proceeding with land purchase.

30 Non-process Facilities

3.1 Operations and Maintenance Buildings

3.1.1 Description of Existing System

The operations, maintenance, and chemical building is a combined structure in the center of the WTP
that was originally built in 1974 and used for mechanical solids dewatering. The operations and
maintenance buildings were previously identified as seismically vulnerable and have been marked for
replacement as part of the 2026 seismic resiliency project. In the interim, the WTP staff has suggested
the separation of operations and chemicals for safety reasons, because most chemical systems are
currently housed in the operations building.

3.1.2 Evaluation of Existing System

The existing operations and maintenance building was determined to be seismically deficient as part of
the 2008 seismic hazard mitigation study (Carollo Engineers, 2008a). The original determination was to
perform structural and foundation improvements, but further constructability analysis completed with
the 2015 CIP update (Carollo Engineers, 2015) determined that this approach was not feasible and
recommended replacement of the facility. The existing facility also incorporates the primary chemical
storage for chlorine gas, alum, and polymer into the same building as the operations control room and
offices. This poses an unnecessary safety hazard that should be addressed when the building is replaced.

3.1.3 Final Decision

The 2015 CIP update (Carollo Engineers, 2015) determined that replacing the operations and
maintenance buildings should be included in the seismic resiliency project. The operations and
maintenance facilities were sized based on a comparison to the existing facility, programming
completed as part of previous facility planning efforts, and a comparison to other similarly sized WTPs.

The ultimate plant buildout and seismic resiliency project site plans show space for two large buildings;
however, the costs included in the seismic resiliency project budget (and shown in Table 28belew) only
represent the cost for a single, smaller combined operations and maintenance building. The costs
provided are based on a multiplier for the square footage of total building space. The unit cost multiplier
used is based on the low end of the historical costs used to develop the cost curve. More architecturally
complex buildings with more features and amenities could substantially increase the cost. Building
details and costs are outlined in Table 28.

Table 28. Operations and Maintenance Buildings Design Criteria and Cost

Parameter Assumptions Cost

Operations and Maintenance Building 9,000 square feet assumingwith basic design concept with few $6,400,000
features and architectural details
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3.2 Electrical Systems

An electrical assessment is in progress but had not been finalized at the time of the completion of the
Facility Plan Report. An evaluation of the electrical systems will be provided as a separate document.

40 Future Treatment Processes

While no change to the existing treatment process is necessary at this time, future water quality and
regulations cannot be accurately predicted. Therefore, considering what future water quality or
regulations might occur that require additional or enhanced treatment is prudent. Several advanced
treatment technologies were discussed during the alternatives analysis, along with their relation to JWC
WTP and potential changes to water quality and regulations.

4.1 Future Treatment Considerations

Several treatment technologies are common across the industry to address regulatory challenges and
water quality concerns. The following treatment alternatives were presented and discussed:

o Ultraviolet disinfection (UV)—This technology uses enclosed pipe segments (reactors) to penetrate
the water with UV light and inactivate pathogens. This option has the smallest footprint.

e UV and oxidation—This treatment applies a much higher dose of UV light in addition to a chemical
oxidant (typically hydrogen peroxide) to break down compounds into smaller elements. This option
takes up about twice as much space as UV by itself and uses more than 40 times more energy.

e Ozone—This process breaks down organic and inorganic compounds, including algal toxins and taste
and odor compounds. Ozone also inactivates pathogens, including giardia, cryptosprodium, bacteria,
and virus. Hydrogen peroxide can be added with ozone for advanced oxidation. This option has the
largest footprint and requires constructing an ozone contact basin.

e Ozone and biological-activated carbon (BAC)—Granular-activated carbon (GAC) commonly replaces
anthracite in the dual-media filter and allows for bacteria to grow on it, making it biologically active.
Oxidation via ozone breaks down organic matter, which is then readily available for assimilation by
the bacteria. BAC works well with ozone for additional organics removal. If the GAC is replaced on a
regular basis, additional organics removal through adsorption is possible. This option has the same
footprint as the ozone only option, assuming existing filters are used as BAC filters.

Alternative performance for various contaminants is compared in Table 29.

Table 29. Performance of Advanced Treatment Processes Against Common Contaminants

Disinfection Pesticides and Emerging
By-Products Pathogens Algal Toxins Contaminants
uv o O [ J o
UV and oxidation ® O ® ®
Ozone ® ® ® ®
Ozone and BAC O O] O O
Legend:
O Excellent ® Good O Fair @® Poor
Notes:
BAC biological-activated carbon
uv ultraviolet
4.2 Final Decision

No specific treatment process was selected due to the uncertainty of changing regulations and water
quality in the future. However, the JWC opted to include space and hydraulic head for future treatment
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processes both upstream and downstream of the new filtration facility to allow for maximum flexibility
in the future.

Space in the hydraulic profile will be required to install a treatment process in the future. Ozone, for
example, would need to be installed between sedimentation and filtration, while UV would be installed
between filtration and clearwells. Some hydraulic head is available between the filters and the clearwell,
but the new filters would need to be deeper for additional head upstream of filtration. The cost of
placing new filters deeper in the ground will be analyzed during design. The alternative to gravity
hydraulic head is an intermediate pump station, which would be more costly to build and operate than
gravity flow. Therefore, the preference is to identify a cost effective way to include additional gravity
head in the plant hydraulic profile. Additional available head upstream of the filters would be beneficial
for filter performance in the near term as it would increase filter run length and reduce backwash
frequencies. Figure 55 shows potential locations reserved for future treatment processes in the ultimate
plant buildout site plan.

LEGEND

i Clearwell

Future treatment process

Figure 55. Potential Locations for Future Treatment Processes for Ultimate Buildout
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