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1 Introduction

Sweetwater Authority (Authority) has prepared this addendum to the Site Facilities
Master Plan Update for the Robert A. Perdue Water Treatment Plant(Perdue Master
Plan) to incorporate the proposed Sweetwater Reservoir aeration and destratification
system (Aeration System) into the Perdue Master Plan. The Aeration System was not
explicitly referenced in the Perdue Master Plan because the Authority was already
pursuing design and implementation of it. However, there exists a nexus between the
Aeration System and the Perdue Master Plan based on the following attributes of the
proposed Aeration System:
e its compressors, controls, and power components are based on the Perdue
Treatment Plant site;
e the Aeration System pipes are in the portion of the reservoir nearest the Perdue
Treatment Plant; and
e it serves a pre-treatment function for the Perdue Treatment Plant by enhancing
water quality in the Sweetwater Reservoir, particularly in the vicinity of the
Perdue Treatment Plant’s intake tower at the reservoir.

Therefore, although the Aeration System was not explicitly referenced in the Perdue
Master Plan, it is associated with the Perdue Treatment Plant and the scope of the
Perdue Master Plan, and is thus incorporated into the Perdue Master Plan via this
addendum.

2 Aeration System

The engineering and conceptual design for the Aeration System were performed by
Hazen and Sawyer and documented in a Preliminary Design Technical Memorandum
(Hazen and Sawyer, 2022) that is attached hereto and incorporated into the Perdue
Master Plan by reference.

A new Aeration System was initially recommended in the Feasibility Study to Maximize
Reservoir Assets and Expand Local Water Supply (Gillingham Water Planning and
Engineering, 2020), which indicated that an Aeration System in Sweetwater Reservoir
would improve water quality in the water resource that the reservoir provides and
thereby increase the yield of treatable water from the reservoir, thus reducing
dependence on higher-cost imported water supply. Hazen and Sawyer proposed a
linear diffused air system whereby diffused air bubbles facilitate mixing of the
temperature-stratified water column in the reservoir, fostering homogenized water
temperature and quality in the water column while assisting with suppression of nutrient-
laden sediment to the reservoir bottom. The intended outcome is the reduced
frequency of algae blooms as well as more uniform and favorable water quality of
Perdue Treatment Plant influent that will result in a decreased chemical usage (cost
savings). Additionally, overall lake ecosystem benefits will result from operations of the
proposed Aeration System.
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November 18, 2022

Hazen

Within the reservoir, the 3-inch air supply pipeline and 4-inch buoyancy pipe run underwater to the start
of the single line diffuser, just east of the log boom. This location for the beginning of the diffuser was
chosen because it corresponds to the deepest, flattest area of the reservoir that also avoids the sediments
near the outlet tower and does not require removal of the log boom during installation or maintenance.
The line diffuser extends out into the reservoir either 500 feet (Alternative A shown in green) or 2,000
feet (Alternative B shown in purple), as further detailed in WQS’s PDR (Appendix A).

Figure 3-3: Air piping layout with alternative compressor locations and diffuser lengths

3.21 Air Compressors

WQS has documented the details of the air flow calculations in Appendix A, which Hazen has used to
specify the compressors. The diffuser system requires a total air flow of 680 scfm, which will be provided
with two equally sized 75 horsepower (hp) rotary screw air compressors. The supply pressures required
at the compressor outlet for a 500-foot and the alternative 2,000-foot diffuser systems at maximum WSEL
are 60 psi and 69 psi, respectively, as shown in Table 3-1 and Table 3-2. These outlet pressures are
required to deliver the required pressure throughout the length of the diffuser assembly. Hazen will
specify compressors capable of delivering these outlet pressures, regulated at the outlet of the air receiver
tank.

Sweetwater Authority Page 10 of 24
Sweetwater Reservoir Aeration/Destratification System
FINAL Preliminary Design Technical Memorandum



Hazen November 18, 2022

Table 3-1: Calculated air flow requirement for 500-ft linear diffuser

Supply Pressure (psia

P~ Total Air
Beginning
Reservoir of Flow | Horsepower
Compressor underwater Beginning a 2
ft Outlet supply pi of Diffuser Difference Needed
3,350 196.6 53 51 44 +3% 79
28,079 239 60 57 51 +4% 87
1. Flow difference defined as Max[|Q_max - Q_mean|, |Q_min - Q_mean|]/Q_mean*100%
2. One-stage of compression and 85% compressor efficiency are assumed
3. Diffusers will be at elevations of 179 to 189 feet, which is below the dead pool elevation of 189 feet.

Table 3-2: Calculated air flow requirement for 2,000-ft linear diffuser

- Total Air
Beginning
Reservoir of Flow | Horsepower
Compressor | underwater Beginning a 2
Outlet supply pi of Diffuser Difference Needed
3,350 196.6 67 64 59 +7% 96
28,079 239 69 67 61 +9% 99
1. Flow difference defined as Max[|Q_max - Q_mean|, |Q_min - Q_mean|]/Q_mean*100%
2. One-stage of compression and 85% compressor efficiency are assumed
3. Diffusers will be at elevations of 179 to 189 feet, which is below the dead pool elevation of 189 feet.

The dead pool and emergency storage volume is between WSEL 189 and 196.6 feet. The aeration system
diffusers are located between elevations 179 to 182 feet. The aeration system operates to aerate any water
above the diffuser level. However, at lower elevations, the aeration system may operate with decreased
efficiency. If this occurs, the Authority should monitor system performance, water quality, and
temperature profiles in Sweetwater Reservoir to determine the optimal operation of the system to provide
aeration that will assist treatability at Perdue. At high storage (above 20,000 AF), the system would
continue to aerate the reservoir, but weak stratification may develop in the warmer months, and turnover
time would be extended.

An air compressor system must discharge oil-free air to the diffuser supply piping. The use of oil-free
compressors is an option if the Authority wants to modify the system for HOS. However, it should be
noted that oil free compressors are significantly more expensive than conventional oil-flooded
compressors which have been used for other similar reservoir aeration projects. Therefore, conventional
rotary screw compressors capable of operating with food-grade oil will be specified. Each will be fitted
with an oil coalescing filter to prevent oil from passing to the air piping or reservoir. Details of the
proposed compressor equipment and optional oil free compressor system are included in Appendix B.

Full redundancy (capacity plus one spare) is not required. However, the installation of two half-size
compressors will allow the Authority the flexibility to continue to aerate the reservoir at half of the air
flow rate, which WQS modeling results show still provides some benefit, should one of the compressors
require maintenance. In addition, the two smaller units allow the Authority to shut down half of the
connected horsepower operating if water quality improves to a point where both are not necessary. This
determination would be made empirically based on water quality, reservoir volume, and strength of
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stratification. If one compressor was turned off during the summer or at higher reservoir volume,
stratification may develop. The Authority would need to monitor system performance and temperature
profiles in Sweetwater Reservoir to determine the optimal operation of the aeration system and perform
maintenance on the compressors during times of weakest stratification. The compressors will be constant
speed units. The compressors will be specified to include a refrigerated air dryer, oil coalescing filter,
compressed air filters, and air receiver tank. Compressor design criteria is summarized below in Table
3-3.

Table 3-3: Compressor Design Criteria

Air Compressor:

No. of Units 2

Compressor type Rotary screw, food grade oil

Minimum Required Supply Pressure (psia) 53

Maximum Required Supply Pressure (psia) 69

Air Flow Required, each unit (scfm) 340

Horsepower, each unit (hp) 75

Nominal Power, each unit (kW) 55

Ingersoll Rand RS551-A125, 460V, Poro,

Basis of Design HD Inlet, Modulation w/Helix
Refrigerated Air Dryer:

No. of Units 1

Capacity (cfm) 800

Nominal Power (kW) 6.7

Ingersoll Rand NVC 800 460-3-60 Air

Basis of Design Cooled NEMA 4 with Timed Solenoid Drain
Oil Water Separator Filter:

Capacity (cfm) 850

Ingersoll Rand PolySep AS85 Oil Water

Basis of Design Separator
Air Receiver Tank:

No. of Units 1

Design Pressure (psig) 150

Minimum Nominal Volume (gal) 1060

Basis of Design Ingersoll Rand Receiver Horz 1060
Alternate System Manufacturers Gardner-Denver

Atlas Copco
Quincy Compressor

3.2.2 Air Receiver Tank

The purpose of an air receiver tank is to ensure enough system volume is present to limit the number of
loading/unloading cycles, and prolong the life of compressor components. The operating pressure in the
air receiver varies between the set upper and lower limits, with a regulator supplying the distribution
system with the constant pressure needed to supply the air diffuser. Preliminary minimum sizing for the
air receiver tank is as recommended by the compressor manufacturer and will be verified by Hazen during
detailed design.
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3.2.3 On-Shore Compressed Air Supply Main

The compressed air piping from the air receiver tank to the reservoir will be 4” HDPE, with length of
approximately 325 feet (from Location 2) or approximately 820 feet (from Location 1), depending on the
location chosen for the compressors, as discussed in Section 3.3. The air supply piping will be buried in a
trench until it reaches the top elevation of the reservoir embankment. The air supply piping will then
transition above ground to a pad-mounted flow control manifold, including supply and diffuser pressure
gauges, valves, and a hose fitting for a portable air compressor at the beginning of the buoyancy pipe.
From the pad, the air supply and buoyancy piping will be anchored in a pipe sleeve along the
embankment of the reservoir down to the deadpool WSEL of 189 feet. An example from a similar project
at Lake Casitas shows how the piping is typically secured along the face of the reservoir embankment, in
Figure 3-4.
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Figure 3-4: Typical air supply and buoyancy pipes transition to in-reservoir piping (Mobley Engineering)
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3.2.4 In-Reservoir Air Supply Piping and Bubble Tube Line Diffuser

The in-reservoir components of the diffuser assembly consist of a 3”” HDPE air supply pipe, a 4” HDPE
buoyancy pipe, and porous flexible diffuser hose tubing all fastened together to generate a bubble curtain,
as shown in Figure 3-5. The diffuser assembly is attached to concrete anchors with steel anchor cables
approximately every 15 feet.

: / iy Pipe Tee
Saddle Air S_upply Connection
Connection Pipe

Steel Cabl
S 220 Reservoir
/

Figure 3-5: Bubble tube diffuser schematic (Mobley Engineering)

3.3 Compressor Location and Enclosure

The previous feasibility study included an assumption that the required equipment for the aeration system
could be housed in the existing PAC building adjacent to the Sweetwater Dam, and Hazen started our
preliminary investigations in this location. Evaluation of the PAC Building and two alternate locations are
described in this section.

3.3.1 Existing PAC Building

The existing PAC building was built prior to 1959. As-built drawings of the building were not available;
therefore, Hazen staff performed a site visit and developed a floor plan layout (Figure 3-6) using previous
not-to-scale drawings supplemented by field measurements and photographs. Based on visual
observation, the PAC building is a one-story building, with a footprint of approximately 30°x30’ with a
wood truss roof system, concrete floor, short concrete stem walls and wood walls. Concrete deterioration
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was identified between concrete floor-stem wall joints which may require rehabilitation in the future. The
building consists of four rooms and is currently used for housing electrical and instrumentation
equipment, a compressor for an old aeration system, as well as general storage. Room 3 was part of a
previous building extension according to Authority staff.
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Figure 3-6: Existing PAC building floorplan

The only way to fit the compressor equipment inside the existing building allowing for minimum
clearance would be to remove interior walls, including the load-bearing wall between Rooms 2 and 3. The
existing concrete floor would also need to be saw cut and removed. New concrete equipment pads would
be installed for anchoring purposes to support new equipment. Without existing as-built drawings,
structural modifications such as new roof-penetrations, new wall-penetrations and load-bearing wall
removal in the existing building would require more in-depth investigation and analysis to possibly
comply with current building code requirements, which is outside the scope of this project. Even if
removal of the load-bearing wall could be permitted to fit compressors inside the building, the air receiver
tank and associated air dryer and air cooler equipment would require additional footprint.

Hazen concluded that the existing building is insufficient to house the new aeration system equipment and
alternate locations were evaluated to place the equipment outdoors with approximately 500 square feet of
space required for the compressors, air receiver tank, air dryer and associated appurtenances, to be
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verified during detailed design. Two potential locations were identified for the proposed compressor
enclosure, each of which is described further below.

3.3.2 Location 1 — Adjacent to Existing PAC Building

The first alternate location, Location 1 as shown in Figure 3-7, would require removing or relocating the
existing pad-mounted storage container adjacent to the PAC Building and installing a new equipment pad
and three-walled metal enclosure with a roof to protect the compressor equipment. The air receiver tank
would be placed outside the enclosure on its own pad. If this location is selected, the power source for the
equipment will be from MCC-B in the existing operations building, as described in Section 3.4 —
Electrical Evaluation.
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Figure 3-7: Alternate compressor Location 1 — Adjacent to PAC Building

Other than the existing storage container in this location, which would need to be relocated, there are no
future facilities planned in this location according to the 2016 Site Facilities Master Plan. However, this
location is in the median between two plant access roads and may create undesirable impact during
construction. It also does not provide spare footprint for future expansion for an oxygenation system.
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3.3.3 Location 2 — Adjacent to Road, East of Clearwell

Alternate location 2 as shown in Figure 3-8, is a clear, flat area on the north side of Sweetwater Reservoir
Road, south of the unpaved lot. A new equipment pad and three-walled metal enclosure with a roof would
be constructed to protect the compressor equipment. The air receiver tank would be placed outside the
enclosure on its own pad. MCC-B (in the Operations Building) will be the power source for the
equipment, as described in Section 3.4 — Electrical Evaluation.
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Figure 3-8: Alternate compressor Location 2 — south of unpaved lot along Sweetwater Res. Rd

According to the 2016 Site Facilities Master Plan, there are no future facilities planned in this immediate
area shown as Location 2. Proposed Location 2 is adjacent to the proposed future residuals dewatering
facilities to the north but locating the new compressors here is not expected to create any conflicts with
components of the future dewatering facilities. The underground air supply piping routed from this
location to the reservoir is in the vicinity of future filter wash water piping in Sweetwater Reservoir Road,
but this can be avoided during design. Location 2 also provides more available footprint for future
expansion for oxygenation equipment as compared to Location 1. Based on Hazen’s evaluation and
discussions with Authority staff, Location 2 is preferred.
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34 Electrical Evaluation

The Perdue WTP site is supplied by San Diego Gas and Electric (SDG&E) via 12kV overhead primary
conductors. Three Unit Substations and three sets of pole mounted transformers are utilized to step the
voltage down to power equipment across the facility. An overview of the three Unit Substations is shown
in Table 3-4.

Table 3-4: Existing unit substations information

Unit Substation Tag Electrical Information MCC’s Powered and Location of MCC
Unit Substation No. 1 Transformer: 12kV:480/277V, 1500kVA, MCC-A
' 3Phase, 4 Wire (Raw Water Pump Station)
. . Transformer: 12kV:480/277V, 1000kVA, MCC-D
Unit Substation No. 2 3Phase, 4 Wire (DAF Process Building)
MCC-B
. . Transformer: 12kV:480/277V, 500kVA, (Operations Building)
Unit Substation No. 3 3Phase, 4 Wire MCC-C
(Chemical Feed Building)

Initially, Power Panel PP-PAC, located in the PAC building, was evaluated to determine if the panelboard
has sufficient ampacity and spare circuit breakers to provide power to the two new air compressors to be
installed as part of this project. Hazen conducted a site visit to field verify the panelboard and existing site
conditions on February 25th 2022. Based on existing record drawings and information discovered during
the site visit, PP-PAC is a General Electric (GE), 480/277Volt, 225Amp, 3 Phase, 4 wire panelboard. As
this panelboard supplies two 45kVA transformers and one 7.5kVVA transformer, the existing panelboard
does not have sufficient ampacity for the two new 75hp air compressor loads, based on our calculations.

MCC-A, MCC-B, and MCC-D, representing one Motor Control Center supplied from each Unit
Substation, were evaluated to help determine the most appropriate power source for the air compressors.
Upon conversations with The Authority and the advantage due to proximity to either potential location,
MCC-B was established as the preferred power source, and thus was evaluated in greater detail to
determine if this MCC has available capacity for the new load.

In order to confirm that MCC-B is a viable power source for the new equipment, Hazen evaluated the
capacity of MCC-B as well as the upstream substation (Unit Substation No. 3). The Authority provided
detailed power monitoring information, extracted from an existing power monitor, for MCC-B. The
Authority also installed a power monitor on MCC-C for 30-days to track operating load powered from
this MCC. This information was used to calculate the existing load of MCC-B (at 125%) + the new load
as approximately 427 Amps. MCC-B is a 600 Amp, 480V, 3 phase, 3 wire Square D Model 6 motor
control center, located in the operations building, and is sufficiently rated to handle the new load.
However, the record drawings show MCC-B with a 400A main breaker. As a result, the main breaker for
MCC-B will need to be replaced to accommodate the new load.

Similarly, the provided information was used to calculate the existing load of the Unit Substation No.3,
MCC-B + MCC-C, (at 125%) + the new load as approximately 596 Amps, at 480V, (496kVA). As Unit
Substation No. 3 is rated for 1200Amps, at 480V, with a 500kV A transformer, this substation is
sufficiently rated to handle the new load. However, the record drawings show this unit substation with a
400A feeder breaker to MCC-B. As a result, this feeder breaker to MCC-B will need to be replaced to
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accommodate the new load. In addition, it is anticipated the conductors and conduit between Unit
Substation No. 3 and MCC-B will need to be replaced as well, and will be further evaluated during
detailed design.

In addition, MCC-A and MCC-D were evaluated at a conceptual level.

e MCC-Aisa2,000 Amp, 480V, 3 phase, 3 wire switchboard/motor control center utilized for
the Raw Water Pump Station. Upon performing an initial load calculation, it appears this
equipment has sufficient ampacity for the two new air compressors; however, record drawings
do not show sufficient space or spare breakers to accommodate the new loads. Further study
would have been required to determine if MCC-A could be extended to accommodate new
breakers feeding the air compressors. However, as MCC-B was identified as the preferred
power source, and as having sufficient capacity, no further investigation was conducted.

e MCC-Disa 1,200 Amp, 480/277V, 3phase, 4 wire motor control center located in the DAF
process building. Power monitoring information provided by The Authority shows that this
MCC has capacity for the new load, however due to proximity to the proposed location of the
air compressors, was not selected.

In conclusion, the new aeration equipment is planned to be powered from MCC-B (located in the
operations building). Upgrades to MCC-B, the upstream substation (Unit Substation No.3), and new
conduit/cable between the substation and MCC are anticipated. Based on the decision to locate the air
compressors in Location 2: south of unpaved lot along Sweetwater Reservoir Road, as outlined in Section
3.3.3, it is anticipated to route the electrical conduits from MCC-B along the east side of the existing
clearwell to the new air compressors.

3.5 Operation Strategy, Instrumentation and Controls

The planned operation strategy is that the two compressors will run continuously at full power to achieve
and maintain destratification in the Reservoir. There are several factors that may influence the desired
operation strategy, such as water quality, storage volume, and energy savings. The decision to turn the
system on or off or to run only one compressor instead of two will be manual; made by plant operators.
The system will be equipped with remote as well as local start/stop controls. WQS has recommended
guidelines for system operation in Section 5 of Appendix A which provides more detail about the
duration to destratify the reservoir at half and full power and recommended operation under various
storage conditions. Because release and mixing of nutrients from the bottom sediments is possible if the
system is started during times of strong stratification, it is recommended that the system be started in the
winter months when Sweetwater Reservoir is de-stratified and then run continuously throughout the year,
except for times when quagga control is necessary.

Initially, the PAC building was evaluated to determine if the new air compressors could be located within
the existing building. 10C-3200, located within the PAC building, contains Schneider Electric
input/output cards, a 24VDC power supply and UPS, multiple ethernet switches, and a Moxa media
converter to communicate fiber to master PLC. Based on Hazen’s site visit, it appears this remote I/O
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cabinet has sufficient spare terminal blocks, 1/O cards, and space to support monitoring and control of the
new air compressors.

However, based on MCC-B being determined as the preferred power source for the air compressors, as
described in Section 3.4 — Electrical Evaluation, Hazen intends to utilize an existing PLC or 10C panel
located in, or in the vicinity of, the existing operations building. Utilizing a PLC in the same vicinity as
the power source will help to reduce construction costs by utilizing the same conduit path for power and
communication conduits, to the extent possible.

3.6  Operational and Maintenance Needs

3.6.1 Compressor Maintenance

Compressors and associated equipment will require periodic inspections and maintenance, as
recommended by the manufacturer, to ensure proper lubrication, check for corrosion, and prevent
premature deterioration or malfunctions of the equipment. Rotary screw air compressor components that
require inspection and maintenance include lubricants, filters, drive train belts, and bearings.

3.6.2 Diffuser Assembly Maintenance

Inspection and maintenance of the diffusers in the reservoir is recommended approximately every 10
years, including replacement of porous tubing. It is recommended that the Authority hire a qualified
contractor to raise the diffuser assembly to the surface, replace any defective portions, and ensure the
diffuser piping is replaced in the correct position on the reservoir bottom. Our team has previously
worked with Mobley Engineering for similar systems. Alternatively, this work can be performed by
Authority staff if available.
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4. Anticipated Drawing List

Drawings anticipated for the Sweetwater Reservoir Aeration/Destratification System are shown in Table
4-1. Any necessary plumbing work will be shown on the mechanical drawings. Heating and ventilation
improvements will be described in the specification for the outdoor enclosure.

Table 4-1: Preliminary drawing list

Division Number Drawing Title
General 1 G-1 Title Sheet
2 G-2 Sheet Index and Location Map
3 G-3 Notes, Symbols, and Legend
Civil 4 C-1 Site Plan
5 C-2 Landward Aeration Piping Plan and Details
6 C-3 In-Water Aeration Piping Plan
Struct 8 S-1 General Notes
9 S-2 Equipment Pad and Enclosure
S-3 Miscellaneous Details
Mech 10 M-1 Mechanical Plan
11 M-2 Mechanical Sections
12 M-3 Aeration System Details (1)
13 M-4 Aeration System Details (2)
14 M-5 Miscellaneous Mechanical Details
Elec 15 E-1 Legend and Symbols
16 E-2 General Notes
17 E-3 Electrical Site Plan and Duct Bank Schedule
18 E-4 Partial Site Plan 1 (Unit Substation No. 3 to Ops Building)
19 E-5 Partial Site Plan 2 (Ops Building to Air Compressors)
20 E-6 Unit Substation No. 3 Single Line
21 E-7 MCC-B Single Line and Elevation
22 E-8 Control One-Line, Panel, Conduit and Wire Schedules
23 E-9 Electrical Details
Inst 24 I-1 Symbols and Legend
25 -2 Network Architecture and PLC Tie-in
26 -3 P&ID
27 I-4 I1&C Details
5. Schedule

Based on the current design schedule, is anticipated that the completed Preliminary Design Technical
Memorandum will be complete in November 2022 and the final design submittal is scheduled for June
2023.
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6. Cost Estimate

The capital costs of the aeration system alternatives described herein are estimated from approximately
$1,256,000 to $1,487,000 in 2023 dollars. This cost includes contractor overhead and profit and 30%
design contingency. Cost estimates for the two alternative diffuser lengths were obtained from Mobley
Engineering. The costs of four alternatives are summarized below for comparison. A detailed breakdown
of the cost estimate is presented in Appendix C.

Alternative 1A — $1,256,000

¢ Install compressor equipment pad and enclosure at Location 1, near existing PAC building
o Install approximately 820 feet of buried 4” air supply piping

¢ Install pad-mounted flow-control manifold at top elevation of reservoir

o Install a 500-foot diffuser system in the reservoir

o Install electrical conduit from MCC-B to Location 1

Alternative 1B— $1,434,000

¢ Install compressor equipment pad and enclosure at Location 1, near existing PAC building
o Install approximately 820 feet of buried 4” air supply piping

¢ Install pad-mounted flow-control manifold at top elevation of reservoir

o Install a 2,000-foot diffuser system in the reservoir

o Install electrical conduit from MCC-B to Location 1

Alternative 2A- $1,309,000

o Install compressor equipment pad and enclosure at Location 2, near the unpaved lot east of the
clearwell

o Install approximately 325 feet of buried 4” air supply piping

¢ Install pad-mounted flow-control manifold at top elevation of reservoir

¢ Install a 500-foot diffuser system in the reservoir

o Install electrical conduit from MCC-B to Location 2

Alternative 2B— $1,487,000

o Install compressor equipment pad and enclosure at Location 2, near the unpaved lot east of the
clearwell

o Install approximately 325 feet of buried 4” air supply piping

¢ Install pad-mounted flow-control manifold at top elevation of reservoir

o Install a 2,000-foot diffuser system in the reservoir

o Install electrical conduit from MCC-B to Location 2

Assumptions:

o The lower cost oil-flooded compressor system (with oil/water separators) is selected
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7. Conclusions and Recommendations

Hazen’s evaluation of alternatives and discussions with Authority staff during preliminary design have
resulted in the selection of Alternative 2B, which includes a 2,000 foot long diffuser and compressors
located to the southeast of the clearwell. This alternative was selected because:

e This location provides available footprint for future expansion of a hypolimnetic oxygen system.
e Itrequires a shorter length of air supply piping to the reservoir.

e Thereis less utility congestion on the east side of the clearwell for routing of electrical conduits
to MCC-B.

e Conduit routing avoids the area west of the clearwell which includes planned electrical vehicle
charging stations.

System summary and recommendations are as follows and will be incorporated moving forward into the
final design.

e Two 75-hp rotary screw air compressors will be specified as described in Table 3-3 in Section
3.2.1. These compressor systems use food-grade oil and oil-water separator filters, along with
associated equipment including an air dryer and air receiver tank.

e The compressors will be located on an equipment pad with a three-walled enclosure in a cleared
area southeast of the clearwell, as shown in Figure 3-8.

o Diffuser length will be 2,000 feet. While the budgetary considerations are a necessary decision
factor, Hazen and WQS recommend selecting the longer diffuser (Alternative B) if possible.
Benefits of the longer 2,000-foot diffuser system include better control of cyanobacteria growth
throughout the reservoir and the possibility of reusing the piping in a future modification to a
hypolimnetic diffused oxygen system. Additionally, Hazen’s anecdotal experience has shown that
longer diffusers aerating a larger area of a reservoir provide better mixing and water quality
improvements than shorter diffusers, even though these results cannot be definitively predicted by
the one-dimensional models used to evaluate aeration systems, since these models include an
assumption that reservoirs are horizontally homogeneous.

e Electrical feed will be provided from MCC-B, located in the operations building. Conduit
between MCC-B and the air compressors will be routed around the east side of the clearwell.

e Electrical improvements will be required as described in Section 3.4- Electrical Evaluation.
These include:

o Upgrades to the breakers at MCC-B and the upstream substation (Unit Substation No.3)
o New conductors and conduit/cable between the substation No. 3 and MCC-B
Sweetwater Authority Page 24 of 24
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1 Executive Summary

This technical memorandum summarizes the basic parameters of the underwater
portion of an aeration system for Sweetwater Reservoir. It includes two options of
preliminary diffuser system design and provides general guidelines for system operation.
This memo is prepared by Water Quality Solutions Inc. (WQS), on behalf of Hazen and
Sawyer and the Sweetwater Authority (SWA). Hazen and Sawyer is performing the
preliminary design for the onshore components and the final design for the entire system.

Sweetwater Reservoir is located near Spring Valley, CA, and is owned and operated
by the SWA, and supplies water to the Perdue Water Treatment Plant. Sweetwater
Reservoir experiences anoxia (low dissolved oxygen, or DO) at depth during the summer
months, a result of oxygen demand by sediments and weak vertical mixing. Anoxia has
increased in recent years, with a significant portion of the reservoir experiencing low DO
in 2018 and 2019.

In 2020, Gillingham Water and WQS conducted a study and provided several
alternatives for water quality improvement in Sweetwater Reservoir (Gillingham Water,
2020). On the basis of the cost/benefit analysis, the SWA selected destratification by
aeration as the preferred alternative in year 2021.

In this memo bubble tube diffusers are proposed as the aeration system. In the last
20 years many installations have employed bubble tube diffusers. The proposed air
diffuser design for underwater portion of the diffusers consists of two HDPE pipes: one 3-
inch air supply pipe that discharges the air at regular intervals from the air pipe, as well
as a larger 4-inch buoyancy pipe. The buoyancy pipe is laid in parallel to the air supply
line, and the pipes are fastened to each other. When the buoyancy pipe is full of water,
the diffuser is designed to sink. To retrieve the system to the surface, air is pumped into
the buoyancy line to displace the water. Air for the diffuser will be fed into the supply pipe
from a compressor that will be sized by Hazen and Sawyer.

In this memo, two options of the diffuser system are presented: one 500-feet (ft)
diffuser line, or one 2,000-ft diffuser line. Both options would employ the same above-
water and subaqueous supply lines, and would originate just east of the log boom. These
system locations would be located in the deepest and flattest part of the reservaoir,
maximizing the upwelling of hypolimnetic water to the epilimnion and providing even air
flow throughout the length of the diffuser. The diffuser lengths and elevations are shown
in Table 1.1. The estimated costs for the two options are also listed in the table. Cost
estimates listed here are strictly for the submerged portions of the system and do not
include compressors or any above water components. The 500-ft and 2000-ft diffusers
are estimated to cost approximately $241,000 and $350,000, respectively. The cost
difference ($109,000) of the two diffuser options is not proportional to the length difference
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of the two diffuser options, because the most significant portion of the cost is on the base
cost (equipment rental, construction, etc).

Table 1.1  Diffuser Layout!?2 and Cost
Diffuser Elevation (ft)

Diffuser Length — .
: E 4
() Beg!nnlng (o] End of Diffuser stimated Cost
Diffuser

500 179 180 $241,000
2000 179 182 $350,000
Minimum Pool = 189 ft
Minimum Operational Level = 196.6 ft
Diffuser to be suspended ~3 ft off bottom and should remain underwater

Includes materials, labor, contractor markup, and contingency for subaqueous air supply
lines and diffusers.

PwbhE

The proposed system is designed to maintain destratified conditions under all
storage conditions when operated continuously at full power. At a storage level of 20,000
acre-feet (a-f), this system sizing provides some flexibility such that the system can
destratify the reservoir if stratification is allowed to develop. At lower storage levels of
approximately 10,000 a-f and below, the system will provide additional benefits, including
increased operational flexibility to operate the system at lower power or with interruptions,
or to increase the degree of mixing to decrease cyanobacteria growth. An aeration system
destratifies a reservoir through entraining water with an upward stream of bubbles. It
brings deep, anoxic water to the surface that is replaced by downwelling of oxygenated
surface water. This leads to oxygenated water with uniform water quality throughout the
reservoir, which decreases hydrogen sulfide (H2S) and manganese levels and decreases
internal nutrient cycling.

The next step is for the SWA to select one diffuser system from the two options. |If
the 2000-ft diffuser option is chosen, it can be converted to a hypolimnetic oxygenation
system (HOS) later if needed. The 2000-ft diffuser may also provide better control of
cyanobacteria growth in the reservoir than the 500-ft diffuser.
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2 Introduction

This technical memorandum summarizes the basic parameters of the underwater
portion of an aeration system for Sweetwater Reservoir. It includes the two options of
preliminary diffuser system design and provides general guidelines for system operation.
This memo is prepared by Water Quality Solutions Inc. (WQS), on behalf of Hazen and
Sawyer and the Sweetwater Authority (SWA).

The organization of this report is as following:

e Section 2 provides overview of previous studies and general water quality
information of Sweetwater Reservoir;

e Section 3 provides discussions of diffuser specifics;

e Section 4 presents flow calculations;

e Section 5 provides general guidelines for system operation;

e Section 6 presents preliminary cost estimate for the diffusers;

e Section 7 presents the conclusions;

e Section 8 presents references cited in this report

e Section 9 presents the figures of this report.

2.1 Reservoir Description

Sweetwater Reservoir is located near Spring Valley, CA and has a maximum
storage capacity of 28,079 acre-feet (a-f) and maximum water surface elevation (WSEL)
of 239 feet (ft, Figure 2.1). At maximum capacity, the reservoir has an area of 936 acres.
Sweetwater Reservoir is owned and operated by the SWA, and supplies water to the
Perdue Water Treatment Plant. The reservoir receives inflows from three sources: runoff,
imported water from the San Diego County Water Authority, and water released from
Loveland Reservoir. Releases from Loveland Reservoir account for much of the inflow,
and generally occur during winter. The quantity of releases depends on storage available
in Loveland Reservoir. In the period from 2002 to 2020, the storage in Sweetwater
Reservoir varied from 2,800 to 23,200 a-f (Figure 2.2)

2.2  Water Quality in Sweetwater Reservoir

Lakes such as Sweetwater Reservoir generally exhibit thermal stratification that is
controlled by meteorological variables such as air temperature, solar radiation, and wind.
As air temperature and solar radiation increase in the spring and summer, a thermocline
develops as illustrated in Figure 2.3. In the fall and winter, decreasing air temperature
and solar radiation cool the surface water and deepen the thermocline until turnover, the
time when a reservoir becomes un-stratified and vertical mixing is uninhibited by
stratification. The timing of turnover in a reservoir is affected by meteorological variables
as well as reservoir depth.
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A by-product of thermal stratification is the inhibition of oxygen transfer from the
atmosphere to the hypolimnion. Historically, this generally resulted in anoxic conditions
in the hypolimnion of Sweetwater Reservoir. Sweetwater Reservoir experiences anoxia
(low dissolved oxygen, or DO) at depth during the summer months, a result of oxygen
demand by sediments and weak vertical mixing (Figure 2.4). In general, DO levels are
directly dependent on the development of the thermocline, phytoplankton activity, and
sediment oxygen demand. Anoxia has increased in recent years, with a significant portion
of the reservoir experiencing low DO in 2018 and 2019 (Figure 2.5). Anoxia can have
significant implications for water quality, including high manganese and iron levels,
nutrient release from sediment, and cyanobacteria growth.

2.3  Selection of Destratification by Aeration by SWA

In the previous study by Gillingham Water and WQS (Gillingham Water, 2020),
several alternatives for water quality improvement in Sweetwater Reservoir were
evaluated: hypolimnetic oxygenation (Speece Cone, SDOX, and diffused oxygenation),
destratification by aeration, and vigorous mixing. On the basis of the cost/benefit analysis,
the SWA selected destratification by aeration as the preferred alternative in year 2021.

2.4 Aeration Benefits

A destratification system destratifies a reservoir through entraining water with an
upward stream of bubbles. It brings deep, anoxic water to the surface that is replaced by
downwelling of oxygenated surface water (Figure 2.6). This leads to oxygenated water
with uniform water quality throughout the reservoir, which decreases hydrogen sulfide
(H2S) and manganese levels and decreases internal nutrient cycling. However, by
providing uniform water quality, vertical mixing reduces benefits of selective withdrawal.
Reservoir water quality may be adversely affected during the start-up period. Quagga
mussel growth may also increase. Destratification can be achieved in Sweetwater
Reservoir through the use of a line diffuser near the deepest part of the reservoir

2.5 Modeling and System Sizing

As part of the previous study by Gillingham Water and WQS (Gillingham Water,
2020), WQS modeled the reservoir with the Dynamic Reservoir Simulation Model
program (DYRESM) under several simulated conditions. DYRESM is a one-dimensional
hydrodynamics model developed at the former Centre for Water Resources at the
University of Western Australia that treats a lake as a horizontally homogeneous water
body and computes the vertical variations in temperature, salinity, and other variables.
The model for Sweetwater Reservoir was calibrated using data from the period January
1, 2016 to December 31, 2019. This calibration involved changing some model
parameters to obtain the best agreement with water surface elevation and temperature
field data.
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In the first simulation, the reservoir was simulated with the actual storage and flow
conditions from the 2016-2019 period with 680 standard cubic feet per minute (scfm) of
airflow (Figure 2.7). It was found that 680 scfm is sufficient to destratify the reservoir
under the actual flow and storage conditions during this period. In the second simulation,
the reservoir was simulated at 25,000 a-f with an airflow of 680 scfm (Figure 2.8). In this
simulation the aeration system was started on July 1, after thermal stratification had
begun. The airflow of 680 scfm was sufficient to destratify the reservoir over the course
of approximately two months. In the third simulation, the reservoir was simulated at 5,000
a-f with various compressor powers (Figure 2.9). It was found that a compressor with
more than 272 scfm (40 actual cubic feet per minute (acfm) @ 100 psi) would be needed
to destroy the thermal stratification under this condition.

Based on these modeling results and the resulting feasibility study, the SWA
selected a system sizing of 20,000 a-f as the basis for design. The SWA determined that
a system sized for this volume would still be mostly, if not fully, effective at mixing the
reservoir at full storage, and additional costs for upsizing the system to provide full
functionality for low probability storage volumes would not be warranted. The previous
modeling work (Gillingham Water 2020) demonstrated that an airflow of 680 scfm would
provide sufficient mixing to maintain destratification at all reservoir levels if operated
without interruption, and to destratify the reservoir at 20,000 a-f if some stratification is
allowed to develop. Additional operational modeling was done under the present work,
and will be described in Section 5.
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3 Diffuser Design
3.1  Previous Installations and Types

Reservoir destratification can be achieved by a number of methods, including: water
jets, turbines, pumping, surface mixing, and aeration. Of these methods, aeration has
become the preferred strategy due to its effectiveness and robustness. Aeration has been
achieved in reservoirs in various ways (Table 3.1). Early systems employed PVC or
metal pipes with holes drilled directly in the pipe, which would be anchored to the reservoir
bottom. These perforated pipe systems could either be designed as a point source, or as
a linear diffuser (Figure 3.1). Some early systems such as Lake Baldegg also used
membrane diffuser tubes in place of perforated pipes (Figure 3.2, Wuest 1992). More
recently, some installations have employed membrane disc diffuser designed for use in
wastewater treatment (Figure 3.3). However, these early systems suffered from issues
such as orifice clogging and membrane deterioration.

Many installations in the last 20 years have employed bubble tube diffusers (Figure
3.4). These systems consist of an HDPE air supply pipe that outputs air into a porous
hose. The air supply pipe is connected to a buoyancy pipe for installation and
maintenance, and the system is anchored to the reservoir bottom by a concrete anchor
and stainless steel cables. The flexible porous hose has been shown to resist clogging
in lakes in reservoirs over various installations (Mobley et al., 2019).

3.2 System Length and Location

In this memo, two options of the diffuser system are presented: one 500-ft diffuser
line, or one 2,000-ft diffuser line. Both options would employ the same above-water and
subaqueous supply lines, and would originate just east of the log boom (Figure 3.5).
These system locations would be located in the deepest and flattest part of the reservoir,
maximizing the upwelling of hypolimnetic water to the epilimnion and providing even air
flow throughout the length of the diffuser. The diffuser lengths and elevations are shown
in Table 3.2. This location also minimizes impacts to deeper sediments near the outlet
tower, and does not require removal of the log boom during installation or maintenance.

The next step is for the SWA to select one diffuser system from the two options. If
the 2000-ft diffuser option is chosen, it can be converted to a hypolimnetic oxygenation
system (HOS) later if needed. The 2000-ft diffuser may also provide better control of
cyanobacteria growth in the reservoir than the 500-ft diffuser.
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Table 3.1

Year

1961
El Capitan Reservoir [E[s1]
Walloper Lake 1981

Lake Baldegg 1982

Lake Langford 1984

Reservoir

Surface
Area
(acres)
40
1,500
90

1,300

150
4,900

150

1,100

900

417
85
650
1,100
80
50
45
100
35
143

Select Previous Aeration Systems

Aerator Type

Point aerator
102 ft perforated pipe
One 1 hp surface aerator

Six point diffusers

One point diffuser (perforated pipe)

1800 ft perforated pipe

3,500 ft bubble tube diffuser

16 surface-suspended diffuser
tubes

102 membrane disc diffusers

9,340 ft bubble tube diffuser
3,630 ft bubble tube diffuser
12,240 ft bubble tube diffuser
15,000 ft bubble tube diffuser
bubble tube diffuser
2,900 ft bubble tube diffuser
2,590 ft bubble tube diffuser
3,990 ft bubble tube diffuser
2,520 ft bubble tube diffuser
bubble tube diffuser

*Flow rate not specified to be standard or actual
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Air Flow
(scfm)

700
1,000
0.5*

120

65
425*

170

250

455

Unknown
200
750

1,200

Unknown

Unknown

Unknown

Unknown

Unknown

Unknown

Notes

Pure oxygen used in
summer

Partially Retrofitted to
use pure oxygen

Design evolved multiple
times since 1968

Poor performance and
maintenance issues

Citation

Nickerson, 1961
Fast, 1968
Ashley, 1987

Wouest et al.,1992

Ashley, 1987

Antenucci et al., 2005

Gantzer et al., 2009

Mobley et al., 2019

WWE, 2020

Mobley Engineering
Mobley Engineering
Mobley Engineering
Mobley Engineering
Mobley Engineering
Mobley Engineering
Mobley Engineering
Mobley Engineering
Mobley Engineering
Mobley Engineering
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Table 3.2  Diffuser Layout?3

Diffuser Length Diffuser Elevation (ft) Elevation Difference
(v ()
500 179 180 1
2000 179 182 3

5. Minimum Pool = 189 ft
6. Minimum Operational Level = 196.6 ft
7. Diffuser to be suspended ~3 ft off bottom and should remain underwater

3.3 Bubble Tube Aeration System Description

The proposed air diffuser design for underwater portion of the diffusers consists of
two HDPE pipes: one 3-inch air supply pipe that discharges the air at regular intervals
from the air pipe, as well as a larger 4-inch buoyancy pipe. The buoyancy pipe is laid in
parallel to the air supply line, and the pipes are fastened to each other every 15 ft. When
the buoyancy pipe is full of water, the diffuser is designed to sink. To retrieve the system
to the surface, air is pumped into the buoyancy line to displace the water. The pipelines
are secured to the bottom using stainless steel cable and anchors. Typically, the diffusers
are laid at the desired location on the water surface and then carefully lowered to the
bottom by operating the buoyancy pipeline. Anchoring consists of concrete “flower pot”
anchors attached to the air supply with 3 ft long stainless-steel cables every 15 ft.

Many recently installed diffusers are constructed using HDPE SDR11 air supply
piping, and HDPE SDR 11, 13, or 17 buoyancy piping. HDPE is non-corrosive, light
weight, and can be easily shaped on the reservoir surface to obtain the desired shape of
the diffuser line. If HDPE piping is used, special care should be taken to ensure that the
pressure rating of the pipe is not exceeded. Other pipe material (such as appropriate
metal piping) can be used if a higher pressure-rating is needed.

Air is discharged from the air supply pipe through a connection between drilled air
ports and porous tubing. The air supply line is coupled to the porous tubing as shown in
Figure 3.6. This allows a nearly-uninterrupted curtain of bubbles from the diffuser across
its entire length. These porous hoses have shown resistance to clogging in previous
installations (Mobley et al. 2019). Typically, the porous hosing is replaced every 10 years.

The air plume will result in a significant, visible surface boil. An example of a visible
surface plume is shown in Figure 3.7, with an air flow rate of 0.08 scfm/linear-ft. Note that
the design flow rate for the 500-ft diffuser line and 2000-ft diffuser line in Sweetwater
Reservoir will be 0.3-1.4 scfm/linear-ft depending on system selected, and will result in a
more vigorous surface boil than the example shown.

When the aeration system is in operation, the piping system will stay at elevations
of approximately 3 ft above the bottom. When not in operation, the piping system may
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sink slightly but would not sink all the way to the sediment (personal communication with
Mobley Engineering, 2022). Mobley Engineering has installed many systems that are
operated intermittently (e.g., hydroelectric installations only operating in summer), which
typically float 2 ft or more off the bottom when not in operation.

Air compressors with appropriate horse power will be needed to compress air and
deliver air flow to the diffusers at depth. The compressor system should supply air with
very low levels of oil contamination. If an oil-flooded compressor is used, a highly efficient
oil coalescence filter should be used. If conversion to an HOS is desired in the future, a
very efficient and reliable oil removal system, or an oil-free air compressor, is
recommended. For this conversion, the pipes must be clean of oil and other contaminants
for use with oxygen. An after cooler, sometimes coupled with an air dryer, may be needed
downstream of the compressor to reduce the air temperature and prevent condensation
in the air supply line.

3.4  Pipe Materials and Anchoring

Concrete anchors are attached to the diffuser assembly every 15 ft along the entire
length of each diffuser, with coated stainless-steel cables and saddle connections (Figure
3.4). These anchors are used to sink the pipe system and hold it in position near the
bottom of the lake. The diffuser pipe can be held at the desired distance off the bottom
of the lake by using custom anchor cable lengths. In the current design, a 3 ft cable is
specified.

The anchors are made from concrete-filled plastic flower pots. The weight of the
concrete anchors, plus the weight of the pipes, can be supported by the buoyancy pipe
filled with air and float on the water surface during installation and maintenance. The
weight of the anchors is to be determined so that the diffusers are securely held in place
at all times after installation and during operation. Based on past experience, an anchor
weight of approximately 120 pounds is needed. The weight specification of anchors
should be re-visited as the engineering design is finalized.

3.5 Installation

Diffuser Assembly typically occurs on land. Diffuser pipe sections, usually 15 ft in
length, and fittings may be joined together or to other materials by heat fusion (HDPE
pipe) joining or mechanical joining (Figures 3.8 and 3.9). Assembled diffuser sections
can be lowered towards water and pulled over the lake using work boats. If the diffuser
assembly is stored on the water surface, the diffuser assembly should be anchored and
secured to the shoreline with strong ropes or fasteners to prevent damage and avoid
creating a boating hazard. All assembly operations on the lake shall be restricted to times
or areas of the lake where public boating and access is limited.
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Upon completion of diffuser assembly, the diffuser should be floated from the
construction site to the location where installation is specified (Figures 3.10 and 3.11).
The sections of the lake in the vicinity of the diffuser locations should have been identified
and marked using the global positioning system (GPS) and sonar or other underwater
topographical mapping equipment such as Lowrance or equivalent. The purpose of the
survey is to identify the bathymetric contours at which the various diffusers are to be
installed. The diffusers shall be moved into position and secured with appropriate lines
and mooring at the beginning, diffuser turns, and end. Once in position and secured, the
buoyancy pipeline should be slowly flooded starting from the upstream end to sink the
diffuser in a controlled manner to the lake bottom. Note that, typically, a portable
compressor is used for this task. As it sinks, the position of the diffuser should be
monitored to ensure proper positioning when it reaches the bottom. Once an entire
diffuser is resting on the bottom, the diffuser position should be inspected and evaluated
to ensure optimal placement. If the diffuser is not positioned properly, the diffuser shall
be raised, repositioned and sunk again. As a result of the complexity of the diffuser
installation process, it is recommended that the diffuser consist of no more than a few
straight sections.

After installation, the air supply system should be tested at design flow and pressure
measured with onsite instrumentation to assure adequate air flow is being delivered to
the diffusers and lake water. The diffusers will also be inspected to assure correct bubble
patterns once in position, indicating even air flow along the entire diffuser length. If large
leaks or dead spots are evident on the surface, the diffuser should be refloated and
repaired.
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4 Flow Calculations
4.1  Fluid Dynamics

The air flow through an orifice is calculated based on the orifice diameter, the supply
pressure, and the back pressure at the orifice. The back pressure is determined by the
depth of the water column above the diffuser. The flowrate from each orifice depends on
the depth of the orifice and distance along the pipe. To determine the flow uniformity
across the length of a diffuser, air flow calculations at each orifice are required. Note that
decreasing the orifice diameter increases airflow uniformity and increases the pressure
drop across the orifice. A diffuser operated at a higher pressure may require the use of a
higher pressure-rated pipe and a larger compressor, potentially complicating the
construction process and resulting in tighter specifications.

The manifold calculation methodology of air flow along a diffuser is solved following
Chapter 10.3 (Outfall and Diffuser Hydraulics) of Book “Mixing in Inland and Coastal
Waters” (Fischer et al., 1979). The method is modified to account for air compressibility.
The air flow through an orifice or drilled hole, under choked or non-choked conditions, is
calculated from Bernoulli’s equation, assuming steady-state. The unchoked air flow rate
is given by (Perry and Green, 1984):

. k
m = Cad J 2p1P1 (m) [(P,/P)?/% — PP, /K]

and the choked air flow rate is given by (Perry and Green, 1984):

) 2
=t ()

(k+1)/(k—1)

where:

m = mass flow rate (kg/s)

C, = discharge coefficient

A = discharge hole cross-section area (m?)
p;1 = upstream real gas density (kg/m?)

P; = upstream gas pressure (Pa)

P, = downstream pressure (Pa)

k = specific heat ratio (1.4).

The head loss along the air supply pipe due to friction is calculated from the Darcy-
Weisbach equation (Mays, 1999):
_ fLv?

h, =
7~ 2Dg

where:
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hs = head loss (ft or m)

f = Darcy friction factor

L = pipe length (ft or m)

v = velocity (ft/sec or m/sec)

D = pipe diameter (ft or m)

g = gravitational acceleration (32.2 ft/sec? or 9.81 m/sec?).

Small orifices or drilled holes need to be used in order to evenly distribute air flow
along the diffuser. Several assumptions were used in the calculations: isentropic flow
along the diffuser pipe, HDPE absolute roughness = 0.00006 inches, discharge
coefficient Cq = 0.6 for drilled holes, air temperature at diffuser end of 70 degrees F. These
preliminary calculations assume a compressor flow rate of 680 scfm. The flow
calculations will be reviewed, and recommendations updated by WQS, after the final
selection of the compressors, diffuser line length, piping, and various other parts of the
system. If the flow rate of the selected compressor varies significantly from 680 scfm,
orifice diameters may also need to be redetermined.

4.2  Orifice Diameter and Flow Uniformity Results

The air diffuser consists of a 500- or 2,000-ft diffuser line fed by a 600-ft subaqueous
supply pipe. The diffuser line will consist of a 3-inch (nominal) HDPE pipe joined to a 4-
inch (nominal) HDPE buoyancy line as described above. The air supply line will feed air
through drilled orifices spaced every 15 ft.

The diffuser dimensions and air flow requirements are given in Table 4.1 for the 500
ft diffuser option. If a port diameter of 0.234 inches is used, the required supply pressure
at the beginning of the diffuser is 44 psia (pounds per square inch absolute) at low WSEL
(196.6 ft) and 51 psia at high WSEL (239 ft), and the resulting flow difference is £3% or
+4% for the low WSEL and high WSEL scenarios (Table 4.2).

The diffuser dimensions and air flow requirements are given in Table 4.3 for the
2,000 ft diffuser option. If a port diameter of 0.104 inches is used, the required supply
pressure at the beginning of the diffuser is 59 psia (pounds per square inch absolute) at
low WSEL (196.6 ft) and 61 psia at high WSEL (239 ft), and the resulting flow difference
is £7% or £9% for the low WSEL and high WSEL scenarios (Table 4.4).
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Table 4.1 500-ft Linear Diffuser
Diffuser Pipe Length (ft) 500

1
Internal Diameter of Diffuser Pipe (in) 3(2.83)

Total Air Flow (scfm) 680
Underwater Supply Pi 600

1
Internal Diameter of Underwater Supply Pipe (in) 3(2.83)
Above-Water Supply Pipe Length (ft) 813

Internal Diameter of Above-Water Supply Pipel (in) 4(3.63)
Port Spacing (ft) 15
Number of Ports 34

Port Diameter (in) 0.234
Diffuser Height above Bottom (ft) 3

Water Surface Elevation (ft) 196.6 or 239

Air Temperature at Diffuser End (°F) 70

Diffuser Elevation (ft) 179-180

1. Value format: nominal(actual)

Table 4.2 Calculated Air Flow of 500-ft Linear Diffuser

Air

RSetservoir o Beginfning Beain Flow Compressor
orage ompressor 0 eginning _ 1 | Horsebower
(a-f) Outlet underwater | of Diffuser | Difference —
suppblv Di Needed
3350 196.6 53 51 44 +3% 79
28,079 239 60 57 51 +4% 87

1. Flow difference defined as Max[|Q_max - Q_mean|, |Q_min - Q_mean|}/Q_mean*100%
2. One-stage of compression and 85% compressor efficiency are assumed
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Table 4.3  2000-ft Linear Diffuser
Diffuser Pipe Length (ft) 2000

1
Internal Diameter of Diffuser Pipe (in) 3(2.83)

Total Air Flow (scfm) 680
Underwater Supply Pi 600

1
Internal Diameter of Underwater Supply Pipe (in) 3(2.83)
Above-Water Supply Pipe Length (ft) 813

Internal Diameter of Above-Water Supply Pipel (in) 4(3.63)
Port Spacing (ft) 15
Number of Ports 134
Port Diameter (in) 0.104
Diffuser Height above Bottom (ft) 3
Water Surface Elevation (ft) 196.6 or 239
Air Temperature at Diffuser End (°F) 70

Diffuser Elevation (ft) 179-182
1. Value format: nominal(actual)

Table 4.4 Calculated Air Flow of 2000-ft Linear Diffuser

Pressure (psia Air
RSetservoir o Beginfning Beain Flow Compressor
orage ompressor 0 eginning _ 1 | Horsepower
(a-f) Outlet underwater | of Diffuser | Difference -
supply pi Needed
3350 196.6 67 64 59 +7% 96
28,079 239 69 67 61 +9% 99

1. Flow difference defined as Max[|Q_max - Q_mean|, |Q_min - Q_mean|]/Q_mean*100%
2. One-stage of compression and 85% compressor efficiency are assumed
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5 Guidelines for System Operation

5.1 General Considerations

It is more difficult to destratify a reservoir at larger volumes than at smaller volumes.
To understand the system performance under various reservoir volumes, scenarios were
modeled in which stratification was allowed to develop, and the aeration system was then
started.

If the aeration system is started during the stratified season, the length of time that
it takes to mix the reservoir depends on the reservoir's storage at that time. Figure 5.1
demonstrates the approximate time that it may take to mix the reservoir for various
reservoir storages, assuming the aeration system is started on July 1, when the
stratification is strong. For a 5,000 a-f storage, it takes approximately three weeks for the
reservoir to be destratified; while for a 25,000 a-f storage, it takes approximately eight
weeks for the reservoir to be destratified (Table 5.1). Destratification is defined here as
a difference in temperature < 2 °C between the surface and the elevation 5 ft from bottom.
While there are no universally-established criteria for characterizing stratification, this
metric captures mixing of the surface layer to a depth below the lowest usable port. The
existing thermocline was destroyed much sooner than the destratification times listed
above. Note that these destratification times were estimated under the condition of strong
stratification. If the aeration system is started in the condition of weak or no stratification,
the reservoir will be destratified significantly faster. Therefore, the aeration system should
be operated continuously to achieve the goal of destratification.

Table 5.1  Days to Destratify Reservoir for Various Storage Conditions
Days to Destratify Reservoir?

Reservoir Storage (a-)
38 23
50 46
71 56

1. Destratification defined as a difference in temperature < 2 °C between the surface and the
elevation 5 ft from bottom

5.2  Specific Recommendations

The aeration system can be turned down during the unstratified period of each year
in order to save energy. The system may also need to be turned off completely for quagga
mussel control. For best results, the aeration system would be operated year-round. For
cost efficiency, the aeration system could be started before stratification sets in, around
mid-February and continued in operation through end of December.

Note that it requires more energy to destratify a reservoir in strong stratification than
to keep an unstratified reservoir mixed. In cases where the aeration system is shut down
for a period of time during the stratified season for certain reasons, such as quagga
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mussel control, the aeration system needs to be turned on as soon as the goal is reached.
If the reservoir is allowed to stratify for an extended period of time, restarting the aeration
system may cause nutrient-rich anoxic water from the hypolimnion to mix upwards,
resulting in possibly severe algal blooms and a period of decreased water quality
throughout the reservoir.

The aeration system can be operated in various ways under different storage
conditions. For example, at low storage (below 10,000 a-f), if there are no water quality
issues, the two air compressors may not need to be in continuous simultaneous operation
for 24 hours a day, in order to save energy cost. At storage above 10,000 a-f, two air
compressors are needed to be in full operation during the warmer months (May through
October), and one compressor may be needed in full operation during the cooler months
(November through April) that can be augmented as water quality issues arise. At high
storage (above 20,000 a-f) and with good water quality, the system may be turned off if
the reservoir is to be sustained at high storage levels throughout the year. Note, however,
that if the reservoir storage is to drop significantly during the summer while the system is
not operating, starting the compressors in the summer may cause algal blooms and the
compressors may not be able to rapidly destratify the reservoir. The system can be turned
off if and only if the water quality is good and oxygenated water can be reliably withdrawn
from the higher ports. Table 5.2 summarizes suggested operations for various storage
conditions of the reservoir. These operational scenarios represent general guidelines, and
the SWA should evaluate temperature and DO profile data to refine these guidelines.
Frequent monitoring would be desirable to optimize the operation of the aeration system.

When the reservoir storage is low, it is possible to have only one air compressor in
operation and still keep the reservoir destratified (Figure 5.1). In that case, the energy
used is only approximately half of the energy needed when both air compressors are in
operation. Figure 5.2 demonstrates an example that under half power, the reservoir can
still be mixed well within approximately five weeks, assuming the aeration system is
started on July 1 (strong stratification), with only one air compressor is in operation. Under
the condition of weak stratification, the reservoir will be destratified much faster, even with
only one air compressor in operation.
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Table 5.2  Example Aeration System Operations for Various Storage Conditions
Reservoir

Storage Aeration System Operation® ?

G

With good water quality, the system may be turned off if the
reservoir is to be sustained at high storage levels throughout the
year. Note, however, that if the reservoir storage is to drop

AR R0 significantly during the summer while the system is not operating,
starting the compressors in the summer may cause algal blooms

and the compressors may not be able to rapidly destratify the
reservoir.

Two air compressors in full operation during the warmer months?;
Asleli=mileR0l00l one compressor in full operation during the cooler months? that can
be augmented as water quality issues arise.

One compressor in full operation most of the time. Two

compressors in operation during water quality episodes.

1. During any time when a cyanobacteria bloom occurs, the SWA may want to operate the
aeration system at high power to limit or reduce cyanobacteria growth.

These guidelines represent an estimate of operation needed to maintain reservoir
destratification. The SWA will need to monitor reservoir stratification and increase the air flow
rate if the stratification is not well-maintained at lower flows. Frequent monitoring would be
desirable to optimize the operation of the aeration system.

Warmer months refer to May to October of each year, and the remainder of each year are
considered cooler months.

Below 10,000

N

w
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6 Cost Estimate

Cost estimates for the two diffuser options of the destratification system have been
obtained from Mobley Engineering and are provided in Table 6.1. Cost estimates listed
here are strictly for the submerged portions of the system and do not include compressors
or any above water components. These costs are ~10% higher than those in the previous
study (Gillingham Water, 2020) because of inflation and other factors. These cost
estimates can be included in the total cost estimates of the destratification systems.

Table 6.1: Cost Estimates for Diffusers

Diffuser Length (ft) Diffuser Cost!
500 $241,000

2000 $350,000

1. Includes materials, labor, contractor markup, and contingency for subaqueous air supply
lines and diffusers.
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7 Conclusions

This technical memorandum summarizes the basic parameters of the underwater
portion of an aeration system for Sweetwater Reservoir. It includes the two options of
preliminary diffuser system design and provides general guidelines for system operation.
This memo is prepared by Water Quality Solutions Inc., on behalf of Hazen and Sawyer
and the Sweetwater Authority (SWA).

In this memo bubble tube diffusers are proposed as the aeration system. In the last
20 years many installations have employed bubble tube diffusers. The proposed air
diffuser design for underwater portion of the diffusers consists of two HDPE pipes: one 3-
inch air supply pipe that discharges the air at regular intervals from the air pipe, as well
as a larger 4-inch buoyancy pipe. Buoyancy pipe is laid in parallel to the air supply line,
and the pipes are fastened to each other. When the buoyancy pipe is full of water, the
diffuser is designed to sink. To retrieve the system to the surface, air is pumped into the
buoyancy line to displace the water. Air will be fed into the supply pipe from a compressor
that will be sized by Hazen and Sawyer.

In this memo, two options of the diffuser system are presented: one 500-ft diffuser
line, or one 2,000-ft diffuser line. Both options would employ the same above-water and
subaqueous supply lines, and would originate just east of the log boom. These system
locations would be located in the deepest and flattest part of the reservoir, maximizing
the upwelling of hypolimnetic water to the epilimnion and providing even air flow
throughout the length of the diffuser. The diffuser lengths and elevations are shown in
Table 7.1. The estimated costs for the two options are also listed in the table. Cost
estimates listed here are strictly for the submerged portions of the system and do not
include compressors or any above water components. The 500-ft and 2000-ft diffusers
are estimated to cost approximately $241,000 and $350,000, respectively. The cost
difference ($109,000) of the two diffuser options is not proportional to the length difference
of the two diffuser options, because the most significant portion of the cost is on the base
cost (equipment rental, construction, etc).

Table 7.1  Diffuser Layout!?3 and Cost
Diffuser Elevation (ft)

Diffuser Length — : A
(ft) Beg!nnmg of End of Diffuser Estimated Cost
Diffuser

500 179 180 $241,000

2000 179 182 $350,000
Minimum Pool = 189 ft
Minimum Operational Level = 196.6 ft
Diffuser to be suspended ~3 ft off bottom and should remain underwater
Includes materials, labor, contractor markup, and contingency for subaqueous air supply
lines and diffusers.

el SN S

SWR211004_Report.docx



Preliminary Design Report for
Sweetwater Reservoir Aeration System
Page 22 of 24

The proposed system is designed to maintain destratified conditions under all
storage conditions when operated continuously at full power. At a storage level of 20,000
a-f, this system sizing provides some flexibility such that the system can destratify the
reservoir if stratification is allowed to develop. At lower storage levels of approximately
10,000 a-f and below, the system will provide additional benefits, including increased
operational flexibility to operate the system at lower power or with interruptions, or to
increase the degree of mixing to decrease cyanobacteria growth. An aeration system
destratifies a reservoir through entraining water with an upward stream of bubbles. It
brings deep, anoxic water to the surface that is replaced by downwelling of oxygenated
surface water. This leads to oxygenated water with uniform water quality throughout the
reservoir, which decreases hydrogen sulfide (H2S) and manganese levels and decreases
internal nutrient cycling.

The next step is for the SWA to select one diffuser system from the two options. If
the 2000-ft diffuser option is chosen, it can be converted to a hypolimnetic oxygenation
system (HOS) later if needed. The 2000-ft diffuser may also provide better control of
cyanobacteria growth in the reservoir than the 500-ft diffuser.
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Stratification in Lakes and Reservoirs

. Solar radiation
x Wind

«— —

Warm Surface Mixed Layer (Epilimnion)

Transitional Layer (Thermocline)

Cold Bottom Layer (Hypolimnion)

%ality
Solutions

Figure 2.3



Depth (ft)

Anoxia in Sweetwater Reservoir

0 July 2019 0 July 2019
5p 5=
10f= 10=
154= 15 Anoxia
- E
20f= < 20
B (o
B [}
i a
25¢= 25
30¢= 30
35¢= 35
407\\\\|\\\\|\\\\|\\\\ 40_\\\|\\\|\\\|\\\|\\\
10 15 20 25 30 0 2 4 6 8 10
Temperature (°C) DO (mg/L)

Qter‘! Quality

Solutions
Figure 2.4



Dissolved Oxygen in Sweetwater Reservoir
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Destratification Modeling: Actual Flow and Storage from 2016-2019
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Destratification Modeling: Storage = 25,000 a-f
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Destratification Modeling: Storage = 5,000 a-f
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