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1.0 INTRODUCTION & BACKGROUND:

The Santa Margarita River flows from Riverside County, California through Marine Corps Base Camp
Pendleton (MCBCP or CPEN), in northern San Diego County terminating at the Pacific Ocean. Water
rights to the river have been disputed between MCBCP and the Fallbrook Public Utility District (District
or FPUD) for several decades. FPUD has been working with both CPEN and the United States Bureau of
Reclamation (USBR) who has been holding the water rights on an interim basis, attempting to reach an
agreement. The original settlement approach included the building of two separate dams, but most
recently the Santa Margarita Conjunctive Use Project (SMRCUP), which provides for infiltration of the
water into the aquifers on base, and which project terms have been negotiated between the parties .
The SMRCUP includes facilities to be constructed by each party. CPEN will divert river flows allowing
infiltration of the water into the aquifers, as well as provide wells and pumps to deliver groundwater to
FPUD’s boundary. FPUD will in turn build facilities to treat and deliver the water to the District’s
customers.

1.1 Existing Related Documents

The United States Bureau of Reclamation produced the USBR Feasibility Design Report, dated
September 2013, and a draft Environmental Impact Statement/Environmental Impact Report (EIS/EIR)
was jointly prepared with CPEN and FPUD for the SMRCUP, dated May 2014. The United States Marine
Corps (USMC) and USBR are the designated co-lead agencies for review under the National
Environmental Policy Act (NEPA), and the District is the designated lead agency for review under the
California Environmental Quality Act (CEQA). Per the USBR Feasibility Design Report and the EIS/EIR, the
District is anticipated to build the following: 1.) Groundwater desalting treatment facilities at a District
parcel adjacent to the site of the District Water Reclamation Plant for a maximum daily untreated supply
of about 8 mgd with brine disposal through the District’s existing ocean outfall; 2.) Approximately 6
miles of product water pipeline designed to deliver water from the proposed treatment plant to Red
Mountain Reservoir; 3.) Piping and valves to deliver treated water back from Red Mountain to Camp
Pendleton when the region experiences an extended drought; and 4.) An operational storage tank and
booster pump station at the existing Gheen Reservoir site. The water deliveries from CPEN to the District
will vary based on the Santa Margarita River flow. The expected annual average yield of the project is
3,100 acre-feet per year (AFY) with an expected yield of zero following an “extremely dry year,” and
with a maximum daily influent flow of about 8 mgd following a “very wet year.”

These documents reveal the importance of this project to the District since it is anticipated to provide an
average of 30% of the District’s total water demands and at reduced rates when compared to costs of
imported water. The financials clearly reflect the value of the project with an estimated present worth
of nearly $115,000,000 per the USBR Feasibility Design Report. The same report estimates the total
construction cost of the facilities at about $56,000,000, which could result in taking on substantial debt
for the District. It is essential to assess the design of the project to minimize District cost, debt and
financing.

1.2 Recently Created Documents - Technical Memoranda TM-1, TM-2, TM-3 and TM-4

After reviewing the available documents, including the existing USBR Feasibility Design Report and draft
EIR/EIS, four separate technical memoranda (TMs) listed below have been developed to define the
project that the District should build and operate:
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TM 1 - Raw Water Quality Characterization for the Fallbrook Public Utility District’s Santa
Margarita River Conjunctive Use Project Facilities (See Appendix B)

TM 2 - Water Quality Goals for the Fallbrook Public Utility District Santa Margarita River
Conjunctive Use Project Facilities (See Appendix C)

TM 3- Evaluation and Feasibility of Processes to Achieve Recommended Water Quality Goals (See
Appendix D)

TM 4 - Water Distribution System Hydraulic Modeling (See Appendix E)
These documents are included in the appendix. A brief synopsis of each is presented below:

TM 1, Raw Water Quality Characterization for the Fallbrook Public Utility District’s Santa Margarita
River Conjunctive Use Project Facilities, summarizes the quality of the water to be supplied to the new
SMRCUP facilities and recommends the anticipated water quality for the design of those facilities. It
also provides recommendations for gathering any additional water quality data, sampling, or testing.

The TM refined a raw water quality summary of key constituents related to design, which is shown here
in Table 1-1.

The new SMRCUP facilities will receive groundwater from existing and new wells located on MCBCP. The
raw water quality summary presented Table 1-1 was developed from water quality samples collected
from the existing wells. An evaluation of the raw water quality shows that all water quality constituents
with Primary Maximum Contaminant Levels (pMCLs) and Notification Levels (NL) are well below their
respective limits. However, several constituents with Secondary Maximum Contaminant Levels (sSMCLs)
exceed their Recommended Levels. These constituents include iron, manganese, total dissolved solids
(TDS), color, and conductivity.
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Table 1-1 Estimated SMRCUP Raw Water Quality for Key Constituents

. .. Water quality
Parameter Units Regulatory Limit 2
Min Avg Max
General water quality parameters
Alkalinity as CaCOs3 mg/L -- 173 201 223
Calcium mg/L -- 80 89 94
Magnesium mg/L -- 31 37 68
pH - - 7.1 7.3 7.8
Potassium mg/L - 2.5 3.6 5.6
Silica mg/L - 26.8 26.8 26.8
Sodium mg/L - 95 115 132
Total Organic Carbon (TOC) mg/L -- ND 1.8 3.4
Constituents with Primary Maximum Contaminant Levels
Aluminum pg/L 1000 ND ND ND
Barium pg/L 1000 ND 59 140
Fluoride mg/L 2 0.1 0.4 0.7
Nitrate as NO3 mg/L 45 ND 1.6 4
Constituents with Secondary Maximum Contaminant Levels
Aluminum pg/L 200 ND ND ND
. 250 Recommended
Chloride mg/L 145 161 173
500 Upper
Color - Apparent color units 15 ND 5 18
o 900 Recommended
Conductivity (EC) uS/cm 1030 1226 1317
1600 Upper
Iron pg/L 300 11 100 317
Manganese pg/L 50 199 287 494
Odor TON 3 ND 0.2 1.5
250 Recommended
Sulfate mg/L 63 184 208
500 Upper
. . 500 Recommended
Total Dissolved Solids (TDS) mg/L 690 743 816
1000 Upper
Turbidity NTU 5 0.06 0.73 2.6
Constituents with Notification Levels
Boron | pet | 1000 | 41 | 135 | 191

In order to determine the necessity of iron and manganese (IM) and reverse osmosis (RO) treatment,
and to subsequently design these processes, an assumed raw water quality is required (referred to as
design water quality). An abbreviated design summary for key constituents that can determine the
necessity of IM and RO treatment is shown in Table 1-2.

The evaluation of the available raw water quality data shows that sufficient information is available for
the evaluation and design of treatment processes for the SMRCUP with the following exceptions, where
additional sampling, testing, and analysis is recommend:

e Strontium sampling and additional silica sampling;
e Disinfection By-Product formation testing; and
e Integrating 2008 to 2010 water quality data into raw water quality summary.
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The additional sampling, testing and analysis is not expected to delay the project.

Table 1-2 Design Water Quality for IM and RO Processes

Parameter Units Design water quality
IM Process
Iron ug/L 10 min
400 max
Manganese pg/L 500
RO Process
Chloride mg/L 165
Total Dissolved Solids (TDS) mg/L 750

TM 2 - Water Quality Goals for the Fallbrook Public Utility District Santa Margarita River Conjunctive
Use Project Facilities, proposes water quality production goals for the SMRCUP and provides a
discussion of treatment processes that may be required to reach those goals.

The recommended goals are summarized in Table 1-3. These goals were developed based on
consideration of the uses of the water (agricultural, potable consumption); the context of providing two
major water sources in one distribution system (the SMRCUP water and imported water); the impact on
recycled water quality; and past experience with waters from the same source (the south Marine Corps
Base Camp Pendleton system). The reasoning behind the goals and detail of the goals is discussed in the
body of the TM. The goals which have the most impact on treatment are those for iron, manganese and
chloride.

11
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Table 1-3 Summary of Recommended Water Quality Goals for the SMRUP?

Parameters Units Goals (descriptive) Goals (quantitative) Addresses
Iron ug/L Match existing supply <100 Aesthetics
Manganese ug/L Match existing supply <20 Aesthetics

- o <100 3-month avg (max) Avocados &
Chloride mg/L Match existing supply < 87 long-term agriculture
< 87 Apr-Sept, when possible &

TDS mg/L Meet accepjce(':l standard & <483 Aesthetics
match existing supply

EC uS/cm Meet accepjcec'i standard & <819 Aesthetics
match existing supply

THMs ug/L Conservative target < 80% of pMCL Regulation

HAAs ug/L Conservative target < 80% of pMCL Regulation

LSI -- Match existing supply 0.37(0.1-1.0) Corrosion

L
CCPP meg/L as Match existing supply 4.6 (1.0-10) Corrosion
CaCOs
Calcium meg/L as Match existing suppl <133 Scale formation
hardness CaCOs § SUPPYY B

1 Water quality goals are averages unless otherwise indicated
The preliminary list of required treatment technologies to meet these goals is as follows:

e Iron and manganese treatment with a backwash recovery system,
e Partial reverse osmosis (RO) treatment,

e Primary disinfection (e.g., with free chlorine),

e Secondary disinfection with chloramines,

e Product water pH adjustment (e.g., through caustic addition), and
e Facilities for adding orthophosphate for copper corrosion control.

With the above treatment technologies, it is expected that the SMRCUP can provide a safe, reliable, and
agriculturally productive water supply that meets all regulatory limits, recommended consumer
acceptance levels, and essentially maintains or bests the quality of the imported water quality with
respect to agricultural uses.

TM 3- Evaluation and Feasibility of Processes to Achieve Recommended Water Quality Goals, defines
the overall project based on TM 1, TM 2 and TM 4 and explains the reasoning behind the difference in
the current project and that presented in the previously prepared USBR Feasibility Design Report, and
the draft EIS/EIR. The major difference being the hydraulic modeling results showing that relative minor
modifications to the District’s distribution system eliminates the need for the two separate, previously
proposed pipelines: one from the SMCUP plant to the Gheen reservoir site, and a second from the
Gheen site to the Red Mountain Reservoir site. The elimination of the pipeline focuses attention on
SMCUP treatment process to match the water quality within the District’s distribution system.

TM 4 - Water Distribution System Hydraulic Modeling, presents the results of an
InfoWatewaterdistribution system hydraulic model prepared for the District. The model considers well
water supplied from the CPEN, flowing through the proposed groundwater treatment facility (SMCUP

12
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plant) and pumped into the distribution system. Water quantities supplied are based upon monthly
deliveries entitled to the District depending on Santa Margarita River flow of the previous year.

The water model was analyzed for May demand conditions, which represent the maximum potential
delivery from CPEN of 7.8 million gallons per day (MGD) to the District. The model was used to determine
if the distribution system could accept the maximum water production of the plant into the Gheen
pressure zone, and to determine any pipeline improvements that may be necessary. The model was also
used to determine potential improvements at the District’s Gheen Reservoir site including: 1.) additional
storage, 2.) a pump station to pump from the Gheen zone into the Red Mountain zone in the event that
plant production exceeds the Gheen zone demands, and 3.) pipeline improvements to the adjacent Red
Mountain zone.

The model was also used to determine the maximum amount of flow that the San Diego County Water
Authority (SDCWA) could supply to CPEN in the event of a local extended drought situation through the
District’s system.

Based on input from the District, and the hydraulic evaluation, the recommended improvements and
findings include the following:

e Gheen zone pipeline improvements as shown in Figure 1-1, which includes replacement and
additions of nearly 8,500 feet of 24-inch diameter pipeline from the SMCUP plant site to
McDonald Road.

e Red Mountain zone improvements near the Gheen reservoir site as shown in Figure 1-2, which
includes about 2,000 feet of new 24-inch pipeline from the Gheen Reservoir site north to the
Kauffman Pressure Reducing Valve (PRV), and upsizing of about 800 feet of the 12-inch main
from the Gheen Reservoir site south to Gumtree PRV with a 24-inch main.

e A new pump station at the Gheen reservoir site to produce a total dynamic head (TDH) of 170
feet at a flow rate of 4 MGD, and a TDH of 202 feet at a flow rate of 8 MGD, requiring 200 and
400 horsepower respectively, as is shown in Figure 1.2.

e A new 4 million gallon (MG) reservoir of additional storage at the Gheen reservoir site.

e A product water SMCUP pump station to produce a TDH of 375 feet at a flow rate of 7.8 MGD
requiring 2,500 horsepower.

e Facilities on the plant site to control return flows to CPEN, which, while limiting customer
pressure reduction to 20 psi, could provide a flowrate of 7.3 MGD.

13
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2.0 PURPOSE AND CONTENT OF THE PRELIMINARY DESIGN REPORT (PDR)

With the quality of the ground water being received from CPEN determined in TM 1, the water quality
goals of the plant established in TM 2, plant process identified in TM 3, and the water distribution system
modeling complete in TM 4, the purpose of the preliminary design report is to present the development of
further engineering design investigations and alternative analysis associated with the project. Figure 2-1
on the next page depicts the SMCUP elements including the plant, distribution system, and Gheen
reservoir site improvements. The information provided within the PDR includes development of design
criteria, basis of the design, layout of the plant and Gheen sites, mechanical, structural, architectural, and
electrical layout for each site, selecting specific types and sizes of the major pieces of equipment, and
pipeline and yard piping alignments all culminating in the production of 30-percent complete design
drawings found in Appendix A. A list of anticipated specifications to be developed during final design is
presented in Appendix I.

The PDR provides the information necessary to proceed to final design development.

14



[ = 2

-
-
o

-
| g
- - ﬂ_(
-
i 4w NLEE
v

-

TR
- TR T T 1T J 5
Yeapasn  opeeel = o -

e
By
g

=3

TELEWO A AR N] ST
T R E o i - ol
ol gt 1 L FELF -y
o " o
T . 1L+ it
T i >

L e

ot & i . r
Pt
<

it L Lt 5
Y ik
4 gy -
s o L BID ALTERNATE
o 4.0 MG TANK
S -~i.- [ e 3
CHE A ¥ Ay Bl =T 1 ¢ ;
c"\‘_'ir" 4 OF ._.- ¥ . & ! ;
N s | 3
B

™

T | A

Sy

' Ta g e TTT L

ATy S5
Fe i AW fen £ cwan’

128 Foe
1 _‘.1l.;.

bl .
- - .
= M. &
W mcﬂl'-"’ Il.t?"_'
el e B4 & S
‘i'l‘ll‘l £l w |
(T4 b

.'#‘1\" :’F .’1 : il'.. al_“.’!ﬂ_.ui;'i-nl;f ; - ) & I Eo : 1 Ay -, .. . : . . |
AT R 5 L R GR AL S\zé | s - s - _ . |
FIGURE

L [

Fallbrook Public Utility District
Santa Margarita Conjunctive Use Project

ENGINEETRING

Infrastructure
OVERALL PROJECT PLAN

14271 Danielson Street
Poway, California 92064

T 858.413.2400 F 858.413.2440
www.iecorporation.com
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3.0 WATER TREATEMENT PLANT PROCESS FLOW

The process flow diagram follows closely with that of TM-3, and is shown on Drawing G-6 and G-7 of the
30% design drawings in Appendix A. An overview of equipment capacity and purpose are show in the Table

3-1 below.
Table 3-1 Summary of Equipment Sizes and Purpose
Plant Area Equipment Capacity Purpose
Area 100 Flow Control Facility 7.2 mgd Facilitates delivering water to CPEN
under severe drought conditions
Area 200 Equalization (EQ) Tank 133,000 gallons 1. Allows for fluctuations in flow from
CPEN.
2. Provides storage to assist with
controlled startup and shutdown of the
plant.
Area 200 IM Vessels 5 IM vessels, 12 foot in | Provides iron and manganese removal
diameter by 30 feet treatment.
long
Area 200 IM Vessel Back Wash Pumps | 2-1,500 gpm pumps Provides backwash of the IM vessels.
Area 300 RO Feed Tank 160,000 gallons 1. Proves additional volume and time
within the process stream for
dechlorination of the IM treated water
to protect the downstream RO
membranes from oxidation.
2. Provides washwater storage volume
for backwashing the IM media.
Area 300 RO Feed Pumps 1-500 - gpm pump Provides discharge of 40 psi to push the
2-1,200 —gpm pumps | flow through the cartridge filters and on
into the suction of the high-pressure RO
pumps.
Area 300 IM Treated Water/RO By- 6-inch Butterfly Valve Controls the flowrate by-passing the RO
Pass Flow-control valve (FCV) | 8-inch Butterfly Valve system for downstream blending.
14-inch Butterfly Valve
Area 400 RO Cartridge Filters 3 - Cartridge Filters Fulfills RO pretreatment warranty
requirement.
Area 400 RO high-pressure pumps 3-1,020 gpm pumps Drives the flow through the RO
membranes.
Area 400 RO membrane Trains 3-0.93 MGD trains Reduces TDS and chloride
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Plant Area Equipment Capacity Purpose

Area 500 Clearwell 119,000 gallons Provides detention time and baffling to
assist with disinfection CT requirements.

Area 500 Product Water Pumps 4 —1,400 gpm pumps Pump product water from the clearwell
into the Gheen pressure zone and
distribution system

Area 700 Waste Washwater (WWW) 186,000 gallon Holds two IM vessel back wash volumes.

Tank Provides sludge settling time.

Area 700 WWW Sludge Pumps 1-35gpm pumps Pushes the WWW sludge to the drying
beds.

Area 700 Treated WWW Recycle 1-250 gpm pumps Recycles the treated (decanted) WWW

Pumps

1-275gpm pumps

back to the front of the plant.

16
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4.0 PLANT HYDRAULICS AND CONTROL

The hydraulic profile of the plant is shown on is Sheet G- 8 of the 30% design in Appendix A.
An overview of the plant hydraulic level control and flow control are provided below, shown in outline
form. Refer to the P&IDs in the 30% drawings, found in Appendix A, as referenced.

4.1 Area 100 Ground Water Supply and CPEN Return

Under normal conditions ground water is provided to the District from CPEN by a pump station designed
by the CPEN engineering consultant. Referring to Drawing 100I-1, the flow-control valve (FCV) is closed
and the control valve (CV) is normally open. This function will be coordinated with CPEN’s engineering
consultant during final design.

Under return flow conditions the FCV is modulated based on a FPUD/CPEN agreed upon flow set point
and the flow element/flow-indicator transmitter (FE/FIT) meter signal. The CV will be in closed position
when flow is returned to CPEN.

4.2 Area 200 Equalization (EQ) Tank and IM Treatment

Refer to 200l -1 and note the following:

1. The FCV control valves on the discharge of each IM vessel control the following:

a. Level in the EQ Tank based on a level set point and feedback from the level sensor by
means of the level element/level-indicator transmitter (LE/LIT) signal. Compound level
and flow setpoint control is used to stabilize both level and flowrate.

b. Even flow split between the IM vessels in service based on the signals from respective
flow meters, FE/FITs.
2. The motorized CVs open and close based on the programmed back washing sequence.
3. The IM backwash pumps are started manually or automatically based on either of the following:
a. The IM vessel in-service time set point is has been reached and the RO Feed Tank has

sufficient wash water volume to complete the wash cycle as indicated by the High level
reading in the tank.

b. The differential pressure set point between the pressure indicator transmitters (PITs)
across the vessels is met and the RO Feed Tank has sufficient wash water volume to
complete the wash cycle as indicated by the High level reading in the tank.

4. The IM back wash pumps are inactivated automatically when:
a. The low level set point in the RO Feed Tank is reached.
b. The high-high level in the Waste Wash Water Tank is reached.
C. The backwash sequence is concluded.
17
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4.3

Area 300 RO Feed Tank and IM Treated Water/RO By-Pass

Refer to 3001 -1 and note the following:

1.

2.

4.4

The FCV in the IM treated water/RO by-pass line performs as follows:

a. Modulates to maintain an RO Feed Tank high level based on the level set point and
corresponding, LE/LIT signal, to maintain backwash water reserve.

b. Adjusts the RO Feed Tank fill rate based on a set point percentage (10%) of the sum of
the flow from CPEN, FE/FIT on 100I-1, and recycle flow, FE/FIT on 700I- 1.

C. Closes at an increased rate when the low level set point in the RO Feed Tank is reached.
This set point represents level at which the backwash volume has been used.

d. Modulation of the FCV affects the flowrate through the FE/FIT, which in-turn adjusts the

flow through the RO treatment train based on a set point flow rate split ratio (e.g., 50%).
The split on the RO system is maintained by adjusting the speed of the High-Pressure RO
pumps via associated variable frequency drives (VFDs) and flow meters, see 400I-2 of
the 30% design drawings found in Appendix A.
The RO Booster Feed Pumps are constant speed and are started and stopped manually
depending on flows being received by CPEN.

Area 500 Clearwell and Product Water Pump Station

Refer to 5001 -1 and note the following:

4.5

The motorized CV upstream of the clearwell tank closes upon a high-high level in the clearwell
to prevent overflow of the tank.

The product water pumps will not start if the upstream PE/PIT does not meet a set suction
pressure setting.

The product water pumps will not continue to run if the discharge pressure, as registered by the
downstream PE/PIT, is higher than a set value after a set period of time (2 minutes)

When the pumps are started the discharge CV opens after a set time period (30 seconds).

The level in the clearwell is maintained to a set point by controlling the speed of the product
water pumps by means of VFD drives.

Area 700 IM Waste Washwater Tank

Refer to 7001 -1 and note the following:

1.

w

The CV upstream of the waste wash water recovery tank closes upon a high-high level being
reached based on the signal from the LE/LIT

The waste wash water sludge pump is constant speed.

The waste wash water reclaim pumps have VFDs.

The waste wash water reclaim and sludge pumps will not start if the upstream PE/PIT does not
meet a set suction pressure setting.

The waste wash water reclaim pumps will stop based on the following:

a. Set point turbidity range is not met after a set time period (e.g., 20 minutes).
b. Low level in the waste wash water tank is reached.

C. High-high level in equalization tank is exceeded.

d. High discharge pressure
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6. The reclaim pumps are started automatically based on settling time setpoint.

7. WWW Sludge Pump and the WWW Decant Pumps are started and stopped manually, or on
programmed timers. They will stop automatically based on exceeding a set high discharge
pressure.

Calculations for hydraulic losses and pump head requirements are found in TM-4.

Hydraulic basis of pump and valve selection for the plant and Gheen site are provided under specific sub
headings in Sections 5.0 and 7.0, respectively.

19
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5.0 WATER TREATMENT PLANT PREDESIGN

Ground water received from CPEN treated at the water treatment plant and pumped into the District’s
distribution system. The design criteria and preliminary design of major elements and equipment for
the water treatment plant are provided below.

5.1 Site and Yard Piping

The plant layout as shown on the Site Plan and Yard Piping, Drawing C-1 of the 30% design drawings
found in Appendix A. and was based on the following considerations:

e Public Feedback

e Hydraulics

e Access to pumps, valves, tanks, vessel media exchange, and chemical deliveries
e Storm water

e Proximity to exist sludge drying beds

e Parking
e Yard piping configuration and process/fire loop
e Security

e District Feedback

A community meeting was held on April 16, 2015, where FPUD received feedback indicating a
preference for the plant to be located at the lower elevations of the property as opposed to the higher
elevation portion of the District’s property located to the northeast of current site. See Drawing C-1.

While the majority of facilities are at lower elevations to assist with plant hydraulics it was necessary for
the Equalization Tank to be placed at a higher elevation on the property. This minimizes the need for an
additional pumps station and minimizes related energy costs. The Waste Wash Water Recovery Tank is
above grade to reduce potential hard rock excavation and reduce cost.

To accommodate access to major pieces of equipment, that may need to be moved by means of a crane,
the RO Booster pumps, IM Backwash pumps, and the Product Water pumps are located adjacent to the
access road around the plant. The IM vessels themselves also being adjacent to the access road assists
with the handling and procedures necessary for periodic IM media replacement. The access road
provides complete circulation around the plant with a 25 foot minimum road width meeting fire truck
and chemical truck turning radius requirements.

The site layout requires the demolition of one of the existing drying beds on the site to provide
additional area for the plant, see Drawing D-1.

Parking is provided next to the plant control room and within convenient walking distance to the RO and
chemical facilities.

The yard piping was laid out giving consideration to minimizing lengths of piping that may be stagnant
during normal operations of the plant, reducing the potential for water age issues. The yard piping,
where possible, utilizes multiple pipelines within a single trench to reduce overall costs. The yard piping
includes a plant process water system/fire service loop to facilitate housekeeping and maintenance
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related needs, and fire protection requirements. Pipe design criteria will follow that provide in the
Section 6.1 entitled Design Standards and Criteria.

Site security will include new fencing, gate and security camera surveillance.

5.2 Hydrology and Drainage Design

5.2.1 Existing Drainage Conditions

The proposed water treatment plant (WTP) site consists of moderately (5 to 10 percent) to steeply
(greater than 10 percent) sloping terrain with elevations ranging from 652 at the existing condition
runoff concentration point (Node 4) located at the existing asphalt storage area to 710 at the top of the
hill. The existing condition drainage boundary is shown in Figure 5-1.

Drainage across the site is by sheet flow. The drainage area that is tributary to the runoff concentration
point is approximately 3.63 acres. The undeveloped portion of the site has sparse and poor quality
grass/brush coverage. The soils at the site are assumed to be Type D.

The existing improvements consist of the existing asphalt concrete roadway and storage pads, and a
barn. The existing impervious area totals 56,812 square feet, or approximately 36 percent of the 3.63-
acre drainage area.

5.2.2 Proposed Drainage Conditions

The proposed condition drainage area boundary is the same as the existing condition boundary, or 3.63
acres. Impervious improvements will consist of new tanks, process vessels, WTP building and access
road. The proposed impervious area totals approximately 68,965 sf or 43.6 percent of the 3.63-acre
drainage area. The proposed condition drainage boundary is shown in Figure 5-2. The site is divided
into two general areas: upper and lower.

Upper:
Proposed improvements will include curb and gutter, asphalt concrete paving, and the equalization tank

above approximate elevation 660 feet. Runoff from this area will be intercepted by the proposed curb
and gutter and conveyed by the proposed roadway to the existing runoff concentration point at Node 5.

Lower:

The proposed WTP and perimeter access road will be constructed in the lower portion of the site, below
approximate elevation 660 feet. The WTP pad will be graded and mostly surfaced with crushed rock
with the exception of paving for equipment/tank pads, access road, and concrete walks and delivery
areas adjacent to the WTP building. Runoff from the WTP pad will flow overland and runoff from the
proposed access road will be conveyed by curb and gutter to the existing runoff concentration point at
Node 5. A curb cut and concrete swale is proposed to convey the runoff into a detention basin. The
detention basin is intended to be a dual purpose basin to reduce the proposed condition peak runoff
rate to the existing condition runoff rate and to provide treatment of stormwater runoff prior to
discharging to the existing condition concentration point.
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5.2.3 Rational Method Hydrology

Hydrology calculations were performed using the Civil3D computer program and the Modified Rational
Method described in the San Diego County Hydrology Manual. The Rational Method formula estimates
the peak rate of runoff at any location in a watershed as a function of the drainage area (A), runoff
coefficient (C), and rainfall intensity (1) for a duration equal to the time of concentration (Tc), which is
the time required for water to flow from the most remote point of the basin to the location being
analyzed. The rational method formula is expressed as follows:

Q=CIA Where:
Q= peak discharge, in cubic feet per second (cfs)
C= runoff coefficient, proportion of the rainfall that runs off the surface (no units)

| = average rainfall intensity for a duration equal to the time of concentration (Tc) for the
area, in inches per hour (Note: If the computed Tc is less than 5 minutes, use 5 minutes
for computing the peak discharge)

A= drainage area contributing to the design location, in acres

The methodology for Rational Method calculations is described in Appendix G. A 6-hour storm duration
is used for design and is consistent with the guidelines of San Diego County. Also provided in this
appendix are charts and tables used in the selection of the hydrologic parameters including runoff
coefficients, rainfall depth, rainfall intensity and velocity and travel time nomographs. These are
described further herein.

5.2.4 Runoff Coefficients

The runoff coefficients are selected in accordance with guidelines from the Caltrans Highway Design
Manual. For runoff detention calculations, the runoff coefficients listed in the Caltrans Highway Design
Manual, Chapter 810 — Hydrology, were used instead of those in the San Diego County Hydrology
Manual because the Caltrans methodology provides a more accurate characterization of undeveloped,
or natural ground, runoff coefficients based on relief, soil infiltration, vegetal cover, and surface storage.

One consideration for the development of subarea boundaries is the division of cover type, whether
pervious or impervious. In some cases, a particular subarea may have combined pervious or impervious
areas, in which case a weighted runoff coefficient is determined in accordance with the following
equation:

C =0.9*(%Impervious) + Cp*(1 - %Impervious)
where:

Cp = pervious area runoff coefficient corresponding to soil type.

A listing of weighted runoff coefficients is provided in Appendix G.
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5.2.5 Summary of Peak Discharge

A summary of the estimated peak runoff rates for the existing and proposed conditions are shown in the
following table:

Table 5-1 Hydrology Summary

Condition Area (ac.) Quoo (cfs) Quo (cfs)
Proposed — Node 5 3.63 16.6 8.0
Existing — Node 4 3.63 10.9 5.7
Difference: -- 5.7 2.3

5.2.6 Detention Routing

In order to mitigate the increase in runoff for the 10-year storm event, a detention basin is proposed along
the south side of the treatment plant site. All runoff from the site will be routed into a detention basin to
reduce the total peak flow leaving the site.

Table 5-2 Hydrology Summary

Condition Area (ac.) Quo (cfs)
Proposed with Detention — Node 5 3.63 4.6
Existing — Node 4 3.63 5.7
Difference: -- -1.1

A comparison with the existing condition shows that the detention basin reduces flows to less than
existing conditions. The detention basin also serves as a water quality treatment facility, which is
discussed in the next section.

5.2.7 Water Quality Treatment

The requirements of the reissued National Pollutant Discharge Elimination System (NPDES) Permit for
Discharges from the Municipal Separate Storm Sewer Systems (MS4), Order No. R9-2013-0001,
pertaining to the watersheds within the jurisdiction of the County of San Diego are used herein as a
guideline in developing post-construction BMPs to address water quality concerns. Although the District
is not a co-permittee to Order No. R9-2013-0001, this approach satisfies the District’s duty to mitigate
potential adverse impacts to health and the environment as required by the Order and is consistent with
approaches that are in effect by the local jurisdiction to reduce the discharge of pollutants in urban runoff
to the maximum extent practicable.

According to Order No. R9-2013-0001, the SMCUP project is categorized as a Priority Development Project
(based on project size and impervious area) and is required to design treatment control BMPs to retain
(i.e. intercept, store, infiltrate, etc.) onsite the pollutants contained in the volume of runoff produced from
a 24-hour, 85th percentile storm event. Where retention is not feasible due to site and soil constraints,
detention is allowed. The 24-hour, 85th percentile storm event is determined from the County of San
Diego’s 85th Percentile Precipitation Isopluvial Map.

The proposed basin will provide water quality enhancement via filtration through sand and gravel,
attenuation of peak runoff, and a means for perpetuating the existing drainage patterns. It may also
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function to capture treatment process tank overflows although this is not a primary design consideration.
The design criteria for the basin include:

Water Quality Criteria:

1. Treat the runoff from the 85 percentile, 24-hour storm event.
2. Size the detention basin bottom at a minimum of three-percent of the total impervious area.
3. Size the filter bed to allow for a drawdown period between 24 and 72 hours to provide treatment

and to reduce the potential for vector breeding as a result of standing water.

Peak Discharge Criteria:

1. Detain the proposed 10-year, 6-hour storm runoff to match the 10-year existing condition flow
rate, or less.

2. Concentrate the runoff from areas to receive improvements for more efficient treatment.

3. Preserve existing drainage patterns and flow rates.

4, In rare events, capture overflows from water treatment plant facilities and release the flows at a

controlled rate.

Applying these criteria, the following objectives were established for the basin design:

Side Slopes: 3:1

Minimum Bottom area: 2,069 sf

Minimum Water Quality Volume: 5,805 cf

Minimum Freeboard: 3 inches

Water Quality Discharge Outlets: 4-inch diameter perforated PVC pipe(s)

Principal Discharge Outlet: Double grated inlet (San Diego Regional Standard, Type G-2)
with grate elevation above the water quality volume elevation

Emergency Overflow: 100-year, 6-hour storm runoff

Weir flow height: 6 inches

Weir length: 15 feet

Based on the proposed basin configuration, a basin depth of 3.2 feet (relative to the invert elevation of
the subdrain system), or a ponding depth of 8 inches relative to the basin floor elevation, will be required
for water quality treatment. The basin bottom section will consists of a sand media filter consisting of a
layer of sand over a layer of Class 2 permeable base with a perforated PVC pipe subdrain. The sand media
and perforated PVC pipe subdrain will allow for at least a 24-hour drawdown period. The principal outlet
will be designed to safely pass up to the 100-year storm runoff or the overflows from the treatment
process tanks.

5.3 Area 100 — CPEN Reverse Flow Control Facility (FCF)

The CPEN Reverse Flow Control Facility (FCF) is shown on the site plan, Drawing C-1 and 100M-1 of the
30% design drawings found in Appendix A. Under normal conditions ground water is provided to the
District from CPEN by a pump station designed by the CPEN engineering consultant. Under conditions of
drought water from SDCWA can be wheeled through the FPUD distribution system to CPEN. Under
these conditions the FCV is placed into service and modulates flow based on FPUD/CPEN agreed upon
flow set point (Refer to Section 4.0). While the design of the receiving facilities on CPEN are not defined
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at this time it is anticipated the terminal elevation at CPEN will match that of the (MCBCP) IM-24
desalter of approximately 130 feet. Water will be coming from SDCWA through the FPUD Gheen
pressure zone. The current design utilizes a plunger valve. Hydraulic criteria for the valve is shown in
the following table.

Table 5-3 CPEN Reverse Flow Control Valve Hydraulic Criteria

Hydraulic Element HGL or Pressure
Gheen Zone HGL 1020
CPEN Estimated Terminal HGL 300
FCV Elevation 656
FCV Upstream HGL at Zero Flow 728
FCV Downstream HGL at Zero Flow ATM
FCV Upstream Pressure (psig) at 7.3 mgd 140
FCV Downstream Pressure (psig) at 7.3 mgd 0 (ATM)
Note: Dynamic losses (approximately 100 feet) based on assumed pipe diameter of 24 inches and downstream length of

38,000 feet.

Actual sizing of the plunger valve will be performed during final design and when the CPEN facilities are
defined by CPEN’s design consultant. The HGL of the CPEN is approximated using the elevation of the
(MCBCP) IM-24 site. Downstream control of the flow through the FCF may be necessary to provide
some back pressure for the plunger valve to avoid discharging to atmosphere pressure. Piping design
criteria matches that found in Section 6. The internal pressure of the pipeline on the plant site will
conform a design pressure of 300 psig in compliance with Section 15076 of the FPUD Standard
Specifications. Surge evaluation and cavitation analysis will occur as part of the final design process.

5.4 Area 200 - Iron and Manganese Treatment

The goal of the iron and manganese (IM) treatment system is to reduce iron and manganese
concentrations to levels that meet aesthetic water quality goals and that prevent iron- and manganese-
related fouling of the downstream reverse osmosis (RO) membranes (see Technical Memorandum 2 in
Appendix C for water quality goals). Granular media pressure filtration with continuous chlorination
application upstream will be used for IM removal. The IM system will also include supporting backwash,
waste washwater, sludge handling, and chemical facilities. The design criteria for the IM system are
described below.

An IM system Original Equipment Manufacturer (OEM) will provide the pressure vessels, facepiping,
vessel valving, air scour system, differential pressure gauges and panel (with pressure switch), backwash
flow rate panel, a local control panel and internals, and internals, including filter media, support media,
underdrain, upperdrain, nozzles, and interior finish paint. The OEM will also provide programming of the
IM system controls, and will be responsible for the effluent water quality.? Elements of the control
system are introduced in the text below; further details are shown in the Process and Instrumentation
Diagrams (P&IDs).

54.1 Equalization Tank

To account for minor fluctuations in flow rates of ground water received from CPEN an equalization tank
is provided. The tank will provide 10 minutes of buffering capacity before overflow in case the plant

1Several IM OEMs were consulted in the development of the design criteria presented in this preliminary design report,
including TonkaWater, WesTech, and Hungerford & Terry.
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were to experience an emergency shutdown while receiving 7.8 mgd from CPEN. In a scenario where
CPEN flow stops suddenly from 7.8 mgd, there is 4 feet or 5.5 minutes of buffering. However the control
system will reduce the flow rate through the IM automatically to try and maintain the set point level in
the EQ tank slowly bringing the flow to a stop. Both the IM and RO process can respond quickly to
reduced flows. Design criteria for the tank is provided as follows.

e Type of Tank: Welded Steel (AWWA D-100)

e Storage Capacity: 0.14 MG

e Diameter: 27 feet

e High Water Level: 32 feet

e Floor Elevation: 710 feet

e Free Board: 2.5 feet

e Roof: column-supported cone with radius knuckle
e Total Tank Height: 34.5 feet

The tank is shown on the site plan, Drawing C-1 and Drawing 200M-1 of the 30% design drawings in
Appendix A. Dimensions are subject to change during final design.

The proposed tank will be designed according to the provisions of ASCE 7. Key parameters for wind and
seismic design loads are as follows:

General Parameters
e Sijte Class: C

Wind Design Load

e Wind Load Risk Category v
e Wind Speed: 115 miles per hour
e Exposure: C

Seismic Design Load

e (0.2-second period, mapped spectral accel., Ss: 1.223¢
e 1-second period, mapped spectral accel., Si: 0.471g
e Short-period site coefficient, F: 1.0
e Long-period site coefficient, F.: 1.329
e (0.2-second period, Design Earthquake spectral response accel., Sps: 0.815g
e 1-second period, Design Earthquake spectral response accel., Spi: 0.418g
e Earthquake Importance Factor, le: 1.25
Tank Design

Steel tank structural design criteria consists of the following:

Design per current AWWA D100 standard

Roof design live load: 20 pounds per square foot (reducible)

Tank shall be mechanically anchored to the foundation

Tank shall be classified as Seismic Use Group (SUG) Il

Use Ri = 2.5 and Rc = 1.5 for base shear, overturning moment and hoop shell tension design
Checking longitudinal tank shell compression stress (wall buckling)

Freeboard will be based on AWWA D100 requirements. 2.6 feet of freeboard is estimated for
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preliminary design based on the design of similar steel tanks in California per the current D100
standard. An alternative design procedure may consist of a lower tank roof (with less freeboard)
which is structurally reinforced to withstand, but not prevent, damage from tank sloshing. This
alternative approach is assumed to be similar in cost to a taller tank, although it is not yet
common practice for steel tanks constructed per current AWWA code in California.

5.4.2 Pressure vessels

IM treatment technologies can include various combinations of adsorptive, oxidative, and filter
processes to remove iron and manganese, including chemical oxidation with and without adsorption site
catalysts, biological oxidation, granular media filtration, membrane filtration, and reverse osmosis. The
most common technology is granular media filtration with a chemical oxidant carried through the filters.
These filters are typically operated under pressure for relatively small systems treating groundwater, like
the Fallbrook Public Utility District (FPUD). Pressure vessels will be used for this project and their design
criteria are shown in Table 5-4.

Table 5-4 Pressure Vessel Design Criteria

Parameter Units Value
Number of pressure vessels # 5
Pressure vessel configuration na Horizontal
Active surface area per vessel, minimum? ft? 360
Vessel diameter? ft 12
Vessel overall length? ft 33
Number of cells per vessel # 2
Underdrain configuration na Common underdrain
Working pressure? psi 100
Hydrostatic test pressure psi 130
Construction na ASCE code stamped
Face-piping configuration na End-face piping
Nominal filtration rate* gpm/ft? 3.0
Nominal filter flow rate* gpm 1,083
Backwashing filtration rate® gpm/ft? 3.8
Backwashing filter flow rate® gpm 1,354

1 Active surface area is the average filter surface area of the GreensandPlus media over the depth of the media

2 Estimated dimensions based on preliminary discussions with IM OEMs

3 Design pressure is approximately 30 psi

4 All filters online, excluding estimated recycle flow of 0.78 MGD, calculated with minimum filter area per vessel (recycling
would increase the filtration and filter flow rate to 3.3 gpm/ft? and 1,192 gpm, respectively)

5 One filter backwashing (i.e., one filter offline), excluding estimated recycle flow of 0.78 MGD, calculated with minimum filter
area per vessel (recycling would increase the filtration and filter flow rate to 4.1 gpm/ft2 and 1,490 gpm, respectively)

The number of vessels and minimum filter surface area were selected to achieve target filtration rates
based on experience with other systems. The number of cells was selected to keep the filtration rate
above 2 gpm/ft? at the minimum flow, where 2 gpm/ft? is recommended to avoid channeling (short-
circuiting). Two cells per vessel will keep the minimum filtration rate above 2 gpm/ft? for all minimum
flow deliveries guaranteed by MCBCP. MCBCP may provide flows that are not currently a part of the
guaranteed minimum flow schedule, and a range of these flows (0.79 to 1.01 MGD) will lead to a
filtration rate outside of 2 to 3 gpm/ft2, even with two cells. To compensate, the number of online cells
may have to be decreased when receiving these flows to avoid channeling. Decreasing the number of
online cells does increase the filtration rate; however, the increase is somewhat marginal (resulting in

27



Preliminary Design Technical Memorandum

filtration rates of 4 gpm/ft? or less) and several cells are available to bring online when the online cell
reaches terminal headloss at these higher filtration rates (nine cells would be on standby when one is
online).

The working pressure is recommended to provide a minimum wall thickness of 3/8 in, which provides a
rigid shell and protection against negative pressures.

Vessels will be constructed to ASME Section VIII and include ASME stamp.

5.4.3 Filter Media

Several filter media alternatives are available for IM treatment with chemical oxidation, including oxide-
coated filter media and manganese dioxide media (pyrolusite). Oxide-coated media and pyrolusite are
reactive media, which facilitate the removal of dissolved manganese through surface-level adsorption
reactions between the reduced manganese and the oxidized manganese oxide surface. Pyrolusite has a
high specific gravity (approximately 4), which requires large backwash flow to fluidize the media
compared to less dense oxide-coated media (e.g., sand). Due to the greater backwash requirements,
some IM system OEMSs are moving away from pyrolusite and toward oxide-coated filter media.

Several IM system OEMs provide proprietary oxide-coated media for use in their pressure vessels.
Invsersand Company offers an oxide-coated media, GreensandPlus, which is available to install in
pressure vessels supplied by others. GreensandPlus will be used for this project due to the flexibility that
it affords with selecting the OEM. The design criteria for the GreensandPlus, the anthracite cap, and the
gravel support are shown in Table 5-5.

Table 5-5 Filter Media Design Criteria

Parameter | Units Value
Anthracite (top layer)
Depth in. 12
Effective size (d1o) mm 0.60 to 0.80
Specific gravity na 1.55t0 1.65
Uniformity coefficient <1.6
GreensandPlus! (middle layer)
Depth in. 24
Effective size (d1o) mm 0.30-0.35
Specific gravity na 2.60-2.70
Uniformity coefficient <1.6
Torpedo sand (bottom layer)?
Depth in. 3
Effective size (d1o) mm 0.80-1.20
Specific gravity na 2.60-2.70
Uniformity coefficient <16
Gravel support?
Upper third depth in. 4
Upper third size in. xin. 1/4x1/8
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Parameter Units Value
Middle third depth in. 4
Middle third size in. xin. 1/2x1/4
Bottom third depth in. 4
Bottom third size in. xin. 3/4x1/2

LInversand Company
2 Example support media design criteria (TonkaWater) - support media design is dependent on underdrain design, which can
vary between IM system suppliers

5.4.4 Flow Control

The pressure vessels will be controlled with effluent modulating flow control valves and flow meters on
each vessel. This flow control scheme enables equal filtration rates between the filters. An alternative
flow control scheme that will not be employed is declining filtration. In a declining filtration flow control
scheme all filters have the same head. If the filters are allowed to reach terminal headloss, all filters
would require backwashing simultaneously, which would require large washwater storage and waste
washwater facilities. An additional alternative would be to control the flow through each cell; however,
vessel-flow control achieves the same result, if the whole vessel, instead of individual cells, is
backwashed. Details of the flow control system are shown in the Process and Instrumentation Diagrams
(P&IDs), Drawing 200I-1. Physical layout of these valves are shown on Drawings 200M- 1 and 200M- 2
of the 30% design drawings in Appendix A.

The effluent valves of all vessels (two valves per vessel), that are on-line at a given time, must work in
unison to control the set point water level in the Equalization Tank. The control system automatically
varies the flowrate set point to maintain the EQ Tank level set point. There will be high and low flowrate
limits/alarms for the vessels. The level in the EQ tank and the downstream RO Feed tank vary in water
surface elevation, and head loss across the media bed also varies. It is important that the effluent valves
are selected for type and size to cover the hydraulic range of the expected operation. Table 5-6
summarizes the minimum and maximum operating of the two tanks.

Table 5-6 Summary of Upstream and Downstream Conditions

S Base Water Heights HGL Static Head
anks
Elevation Max Min Max Min Max Min
EQ 710 25 17.5 735 727.5
62 38.5
RO Feed 657 32 16 689 673

Losses across the media range between 2.5 feet and 21 feet.

The rangeability graphic shown in Figure 5- 3 presents the highest and lowest differential head across
the valve (including filter and piping loses) as a function of flowrate by the dashed lines. The shaded area
encompasses the differential pressure across the valve and the limits of flow, 360 gpm (minimum) and
745 gpm (maximum). The corresponding valve positions between 20 and 80 percent, the blue and
brown lines respectively, shows the entire shaded area is covered within these acceptable position limits
for a butterfly valve.
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Figure 5-3 IM Vessels Effluent Control Valve Range
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It is concluded that the use of 6-inch diameter butterfly valves to control vessel effluent are the correct
choice for this application.

5.4.5 Oxidation System

Sodium hypochlorite will be dosed upstream of the filters and downstream of the EQ tank at sufficiently
high concentrations to carry a residual through the filters. An alternative dosing point will be provided
upstream of the EQ tank. Sodium hypochlorite can be effective at oxidizing iron in the bulk water where
it forms precipitates that are removed on the filter media. The effectiveness of iron oxidation is a
function of the natural organic matter present in the groundwater and complexation between the
reduced iron and natural organic matter (NOM). Successful experience with chlorine oxidation at the
Marine Corps Base Camp Pendleton (MCBCP) IM-24 plant shows that chlorine can effectively oxidize
iron in this water.

Manganese, on the other hand, is not typically oxidized by chlorine in the bulk water; rather, manganese
typically first adsorbs to the oxide-coated filter media, which subsequently catalyzes its oxidation by free
chlorine. The byproduct of this reaction is a precipitant, with a new surface site for additional dissolved
manganese adsorption. Stronger oxidants, such as permanganate, ozone, and chlorine dioxide, oxidize
manganese in the bulk water, potentially forming colloidal manganese particles, which can be hard to
remove through filtration. Permanganate, in particular, can contribute to fouling of downstream RO
systems, as dissolved manganese itself is a byproduct of quenching residual permanganate (typically a
oxidant residual is carried through the filters; quenching a permanganate residual results in dissolved
manganese).
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In addition to dosing sodium hypochlorite upstream of the filters, it will also be used for primary
disinfection downstream of the RO blend point, regeneration of the IM vessels, and for removing
sodium bisulfite from the backwash water. The oxidant feed system is described in this section, whereas
the disinfection, regeneration, and backwash chemical feed systems are described later in the report.
One storage facility will be used to store the common sodium hypochlorite neat solution that will supply
all of the sodium hypochlorite chemical feed systems; the storage facility is described in this section.

Sodium hypochlorite solutions can degrade rapidly compared to many other chemicals typically used in
water treatment. The degradation is largely a function of temperature, solution concentration, the
concentration of trace metals that can catalyze the degradation, and the pH of the solution. Degradation
leads to a loss of strength, which can render a chemical unusable for a given chemical metering system.
Degradation also leads to the production of chlorate and perchlorate, compounds with health-advisory
regulated levels, respectively (chlorate has a Notification level 0.8 mg/L and perchlorate Maximum
Contaminant Level 0.006 mg/L). The two principle strategies for slowing degradation are (1) minimizing
temperature (storing the neat solution out of direct sunlight) and (2) diluting the neat solution to a
lower solution concentration. Regardless of the degradation rate, the delivery schedule and volume
should be managed to only allow for acceptable levels of chemical degradation. Without dilution, small
deliveries will likely be required during low flow conditions to ensure that the chemical can be used prior
to excessive degradation. FPUD already successfully manages sodium hypochlorite deliveries at the Red
Mountain treatment facility.

The residual oxidant concentration in the IM effluent will be used to control the oxidant dose, which
requires a low coefficient of variation (less than 5%) in the residual concentration at the IM effluent
analyzer. The piping between the dosing point and the residual analyzer should afford sufficient
blending (greater than 160 pipe diameters), such that rapid mixing after injection is not required. The
design criteria for the oxidant feed and sodium hypochlorite storage facilities are shown in Table 5-7.

Table 5-7 Oxidant and Sodium Hypochlorite Storage Design Criteria

Parameter Units Value
Oxidant chemical na Sodium hypochlorite
Typical dose, estimated mg/L as Cl» 5to6
High oxidant chemical metering pumps Duty+standby 1+1
High oxidant feed pump capacity! gph 31.3
High oxidant feed pump turndown, min? na 10:1
Low oxidant chemical metering pumps Duty+standby 1+1
Low oxidant feed pump capacity? gph 3.5
Low oxidant feed pump turndown, min? na 10:1
Sodium hypochlorite storage volume? gal 7,500
Neat sodium hypochlorite strength, assumed % 12.5

1 Allows for the dosing of 2.0 to 7.5 mg/L as Cl, over the flow range of 0.6 to 8.58 MGD with a sodium hypochlorite degradation
of at least 10% (90% of neat strength), which corresponds to about 15 days at 25 degrees Celsius
2 Provides approximately 15 days of storage at typical doses

5.4.6 Quenching System

A quenching system will be included on the RO sidestream line, upstream of the RO break tank. This
system will include measurement of the IM effluent chlorine residual, application of a quenching
chemical (sodium bisulfite), power mixing, and final measurement of chlorine residual and oxidation-
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reduction potential (ORP) for verification, trim, and diversion. The design criteria for the quenching
system are shown in Table 5-8.

Table 5-8 Quenching System Design Criteria

Parameter Units Value
Quenching chemical na Sodium bisulfite
Typical dose, estimated mg/L 2.9
High quench chemical metering pumps Duty+standby 1+1
High quench pump capacity? gph 2.8
High quench pump turndown, min? na 10:1
Low quench chemical metering pumps Duty+standby 1+1
Low quench pump capacity?! gph 0.28
Low quench pump turndown, min? na 10:1
Quench chemical storage volume? gal 1,000
Quench chemical strength, assumed % 38%

1 Assuming a chlorine residual of between 0.35 and 3.0 mg/L as Cl,, with a minimum and maximum safety buffer of 0.5 and 4.4
mg/L SBS, respectively, and flow ranges between 0.34 and 3.95 MGD
2 Storage of approximately 15 days at design flow

5.4.7 Backwash System

The backwash will consist of multiple steps, including an air and low-rate water wash and a high-rate
water-only wash (the air sour system is described in the following section). Backwash water will be
supplied from the RO break tank and it will be chlorinated to remove residual sodium bisulfite prior to
backwashing.

The backwash supply will be sized to backwash a whole filter vessel (both cells at the same time).
Valving within the vessel face-piping will allow individual cells to be backwashed, when desired;
however, the cell not being backwashed will have to remain idle and will not be able to filter while the
other cell is backwashing. The backwash system will be sized to fluidize the media, which will allow for
restratification of the dual media after intermixing during the combined air scour and low rate wash
water step. The design wash water volume is 72,000 gallons per vessel, which is similar to other
treatment facilities considering the size of filters.

The vessels will include underdrains with nozzles that distribute the backwash water evenly over the
area of the filter. A waste wash water collection device will be included in the vessels to collect the
waste washwater, which will drain to the reclaim tank (this device also distributes feed flow during
filtration). A baffled trough waste wash water collection device will not be required, although they are
acceptable. A baffled trough allows for minimal media loss during a continuously overflowing air and
wash water backwash step, which may improve backwashes, but which should not be necessary for this
water. Instead, a brief air and water wash should provide sufficient removal of particulates?. The design
criteria of the backwash system are summarized in Table 5-9.

2 For example, the air and water wash may be proceeded by a drain step to sufficiently drop the water level below the waste
wash water collection device so that a combined air and water wash can be conducted without overflowing the waste wash
water collection device and loosing media.
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Table 5-9 IM Vessel Backwash System Design Criteria

Parameter Units Value
Backwash rate, high-rate? gpm/ft? 15
Backwash rate, low-rate gpm/ft? 3
Backwash flowrate, high-rate, one vessel! gpm 5,670
Backwash flowrate, low-rate, one vessel* gpm 1,134
Backwash flowrate, high-rate, one cell! gpm 2,835
Backwash flowrate, low-rate, one cell? gpm 567
Backwash volume? gal 72,000
Backwash freeboard, min? % of filter media depth 50
BW chlorination chemical na Sodium hypochlorite
Typical dose, estimated mg/L as Cl, 5
Chlorine BW chemical metering pumps Duty+standby 1+1
Chlorine BW pump capacity* gph 12.6
Chlorine BW pump turndown, min* na 10:1
Chlorine BW chemical storage volume gal Same as oxidant feed
Chlorine BW chemical strength, assumed % Same as oxidant feed

1 Based on minimum active surface area design criteria with a safety factor of 5% to tolerate deviations in surface area among
OEMs; high-rate achieves bed expansion of 40%, assuming 25 degrees Celsius (Inversand Company);

2 Estimated wash water volume to backwash one vessel

3 Percent of sand and anthracite depth, where freeboard is distance from the top of the media to the waste wash water
collection device opening(s)

4 Target residual of 2 mg/L as Cl,, after quenching bisulfite residual (up to 4.4 mg/L), and allowing for a neat sodium hypochlorite
solution decay of at least 10% for backwash rates ranging from 3 to 15 gpm/ft2 while backwashing both cells at a time and one
cell at a time

5.4.8 Air Scour System

Air sour will be included in the backwash sequence. Air scour increases the efficiency of backwashes and
they have become standard in filter design. The air scour system will include a blower and air
distribution grids inside of the filter cells. The design criteria for the air sour system are summarized in
Table 5-10.

Table 5-10 Air Scour System Design Criteria

Parameter Units Value
Air rate scfm/ft? 3
Pressure at air rate psi 5

5.4.9 Regeneration System

Facilities will be included for infrequent regeneration of the filter media’s oxide coating. The facilities
will include a chemical metering pump to dose approximately 1,000 mg/L of chlorine into the backwash
line, an equalization tank to allow for rapid drainage of the regenerate waste after regeneration, and a
regenerate quenching pump to quench regenerate before pumping to the sewer. Regeneration requires
draining the pressure vessels, filling them with chlorinated backwash supply water (chlorinated to 1,000
mg/L), soaking the media for at least four hours (preferably overnight), draining the solution to the
regenerate equalization tank, adding quenching chemical to the regenerate while the regenerate is
draining into the equalization tank to take advantage of mixing, rinsing the media prior to placing the
vessel back into service, and pumping the quenched regenerate from the regenerate equalization tank
to the sewer. The regeneration system will draw from the same neat sodium hypochlorite solution that
is used for oxidation upstream of the filters and disinfection. The regenerate quenching system will draw
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from the same sodium bisulfite solution that is used to quench the reverse osmosis sidestream prior to
the reverse osmosis feed tank. The design criteria for these facilities are shown in Table 5-11.

Table 5-11 Regeneration System Design Criteria

Parameter Units Value

Regeneration chemical na Sodium hypochlorite
Typical dose, estimated mg/L as Cl, 1,000
Regeneration chemical metering pumps Duty+spare 1+1
Regeneration chemical pump capacity’ ? gph 225
Regeneration chemical pump turndown, na

in1,2 5:1
min®
Regeneration chemical storage volume gal Same as oxidant feed
Regeneration chemical strength, % Same as oxidant feed
assumed
Regenerate equalization tank volume? gal 14,000
Regenerate quenching chemical na Sodium bisulfite
Typical dose, estimated mg/L 1,500
Regengrate qguenching chemical Duty-+spare 141
metering pumps
Regenerate quenching pump capacity* gph 612
Rggfnerate quenching pump turndown, na 10:1
min
R hing chemical

egenerate quenching chemical storage gal Same as Quenching System
volume
Regeneration quenching chemical .

% Same as Quenching System

strength, assumed

1 Doses of approximately 250 to 1,250 mg/L as Cl, at fill rate of 425 gpm at a neat solution decay of 10%

2Based on fill flow of 425 gpm (fill time of approximately 20 minutes)

3 Estimated volume required to submerge media of 14,000 gallons

4 Allows for volumetric dose of 183 to 1,834 mg/L (to quench 125 to 1,250 mg/L as Cl,) with an assumed pump time of 5
minutes and an assumed regenerate waste volume of 14,000 gallons

5.5 Area 300 - RO Feed Tank, IM Backwash Pumps, RO Feed Pumps & By-Pass

The RO feed tank provides 80,000 gallons of buffering volume to assure dechlorination of the IM water
prior to the RO. In addition it stores enough wash water to backwash one IM vessel, 80,000 gallons.
The control system reduces production to fill the tank after backwashes in preparation for future
backwashes. The fill rate is limited to minimize fluctuations in the RO permeate to 10%. The RO feed
pumps and the backwash pumps take suction off the tank. The RO by-pass connects just upstream of
the RO tank. See the site plan and Drawing 300M-1 of the 30% design drawings found in

Appendix A.

5.5.1 RO Feed Tank
The tank is shown on drawing 300M-1 in Appendix A. The design criteria for the tank is provided below:

e Type of Tank: Welded Steel (AWWA D-100)
e Storage Capacity: 0.160 MG
e Diameter: 30 feet
e High Water Level: 32 feet
e Floor Elevation: 657 feet
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e Free Board: 3 feet
e Roof: column-supported cone with radius knuckle
e Total Tank Height: 36 feet

The tank is shown on the site plan, C-6 and 300M-1 of the 30% design drawings in Appendix A.

The proposed tank will be designed according to the provisions of ASCE 7. Key parameters for wind and
seismic design loads are as follows:

General Parameters

e Site Class: C

Wind Design Load

e Wind Load Risk Category v
e Wind Speed: 115 miles per hour
e Exposure: C

Seismic Design Load

e 0.2-second period, mapped spectral accel., Ss: 1.223 g
e 1-second period, mapped spectral accel., S;: 0.471g
e Short-period site coefficient, F,: 1.0
e lLong-period site coefficient, F.: 1.329
e 0.2-second period, Design Earthquake spectral response accel., Sps: 0.815g
e 1-second period, Design Earthquake spectral response accel., Spi: 0.418g
e Earthquake Importance Factor, le: 1.25
Steel Tank

Steel tank structural design criteria consists of the following:

Design per current AWWA D100 standard

Roof design live load: 20 pounds per square foot (reducible)

Tank shall be mechanically anchored to the foundation

Tank shall be classified as Seismic Use Group (SUG) Il

Use Ri = 2.5 and Rc = 1.5 for base shear, overturning moment and hoop shell tension design
Checking longitudinal tank shell compression stress (wall buckling)

Freeboard will be based on AWWA D100 requirements. 3.0 feet of freeboard is estimated for
preliminary design based on the design of similar steel tanks in California per the current D100
standard. An alternative design procedure may consist of a lower tank roof (with less freeboard)
which is structurally reinforced to withstand, but not prevent, damage from tank sloshing. This
alternative approach is assumed to be similar in cost to a taller tank, although it is not yet
common practice for steel tanks constructed per current AWWA code in California.

35



Preliminary Design Technical Memorandum

5.5.2 IM Backwash Pumps

The IM backwash pumps take suction off the RO feed tank and supply the IM vessels with wash water.
See the 30% design drawings, 300M-2, in Appendix A.

IM Backwash Pumping Operating Head Conditions

IM manufactures require 10 to 17 psig at the entrance to the backwash nozzles on the vessels. The face
piping of the IM vessels is shown 200M-1 and 200M-2. The backwash pumps therefore have to account
for the varying head levels in the upstream RO feed tank as well as the varying flowrates associated with
the backwash sequence. A summary of upstream and downstream head conditions is shown in Table 5-
12.

Table 5-12 Summary of Backwash Pump Upstream and Downstream Conditions

. Base Water Heights HGL Static Head
Location
Elevation Max Min Max Min Max Min
RO Tank 657 32 16 689 673
26 10
Nozzle 659 - - 6991 6991
Note:

1. Varies per IM vendor. 682 to 699 feet.
2. Allvalues are in feet.

IM Backwash Pump Type and Configuration

The preliminary layout of the backwash pumps are shown 200M-1 of the 30% drawings found in
Appendix A. The proposed pump layout consists of two horizontal end-suction pumps of the same
capacity with VFD drives. This configuration was chosen based on the following:

e The suction piping for the horizontal above grade and thus much simpler than vertical turbine
pumps (VTP) in this application.

e Since the RO feed tank has a high operating head, suction pressure provided to the pumps does
not warrant considering vertical turbine pumps.

e Two pumps are necessary to cover the range hydraulic range. See Figure 5-4

e Two pumps of the same size minimize storing additional spare parts.

e Two pumps provide a degree of redundancy if one pump fails especially in a condition when the
RO feed tank water level is 75% or higher.

e VFD drives make the transitions in backwash flowrates smooth allowing for a higher degree of
electrical efficient than if a constant speed pump were to be use with a pump control valve.

IM Backwash Pump Selection and Performance

Goulds single-stage pump with a 20-horsepower (HP) motor meets the criteria. Pump efficiency is about
75 percent at full speed (885 rpm) and a design flow of 1500 gpm (per pump).

Figure 5-4 below shows the envelope of one pump operating, and a second operating envelope with two
pumps in parallel at various speeds. In combination the expected range of flows and heads are well
accommodated. For the operating conditions within the anticipated range of flows, the pump
efficiencies are good (above 60 percent).
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The figure indicates that with VFD drives the pumps will cover all except the lowest flows when the RO
feed tank is at higher elevations but this should not be of any consequence. The transition from one
pump to two pumps should occur at about 1100 gpm.

Figure 5-4 IM Backwash Pump System and VFD Operating Envelopes
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Pumps of similar configuration are available from numerous manufacturers, and the specifications will
require that the pumps meet the material and performance objectives for the project (See Appendix P1
for pump data).

IM Backwash Pump Suction and Discharge Piping
The pump station suction and discharge piping are sized using the standards set forth by the Hydraulics

Institute (HI). Table 5-13 summarizes the recommended pipe sizes based on hydraulic design
parameters.

Table 5-13 IM Backwash Pump Suction and Discharge Pipe Sizing

. HI Recommendation for
Ly DIA,in | V,fps | Qgpm Horizontal Pumps
Pump Suction 16 2.4 1500 8 fps max
Pump Discharge 12 4.3 1500 -

In addition to these requirements, Hl indicates that there shall be no flow disturbing fittings closer than
five pipe diameters from the pump.
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5.5.3 RO Feed Pumps

The RO feed pumps take suction off the RO feed tank and push IM treated water through the RO
cartridge filters and on to the suction side of the high pressure RO pumps.

RO Feed Pump Operating Head Conditions

To push IM treated water through the cartridge filters and on to the high pressure RO pumps requires
about 40 psig at the discharge of the pump. See Drawing 300M-1 of the 30% design drawings in
Appendix A for the physical layout. RO feed pumps have to account for the varying water levels in the
upstream RO feed tank. The plant control system determines the number feed pumps that are on-line
at a given time based on flow rates through the RO system. Flow rates through the RO trains are
modulated by the VFD driven RO high pressures pumps.

A summary of upstream and downstream head conditions is shown in Table 5-14.

Table 5-14 Summary of RO Feed Pump Upstream and Downstream Conditions

_— Base Water Heights HGL Static Head
anks

Elevation Max Min Max Min Max Min
RO Feed 657 32 16 689 673
Pumps 81 65
Discharge 657 - . 754 754
Pressure
Range

Note: all values are in feet.
RO Feed Pump Type and Configuration

The preliminary layout of the RO feed pumps are shown on Drawing 300M-1 of the 30% drawings found
in Appendix A. The proposed pump layout consists of three horizontal end-suction pumps, two of the
same size and one smaller pump to facilitate the minimum conditions of the plant. Each pump is
constant speed. This configuration was chosen based on the following:

e The suction piping for the horizontal is above grade and thus much simpler than vertical turbine
pumps (VTP) in this application.

e Since the RO feed tank has a normal high operating level, suction pressure provided to the pumps
does not warrant considering vertical turbine pumps.

e Three pumps are necessary to cover the range hydraulic range. See Figure 5-5.

e For conditions of minimum flows the one smaller pump is required. This smaller pump suction
draws from a sump in the tank that facilitates draining the tank when the plant is being taken off
line for an extended period.

e Two same-size pumps provide a degree of redundancy if one pump fails.
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RO Feed Pump Selection and Performance

For the two same-size pumps (6x8-11N), Goulds single-stage pump with a 40-horsepower (HP) motor
meets the criteria. Pump efficiency is about 75 percent at the design flow of 1140 gpm (half of 3.29 MGD

per pump).

For the smaller pump (4x6-11N), Goulds single-stage pump with a 20-horsepower (HP) motor meets the
criteria. Pump efficiency varies from 53 to 73 percent at the minimum flow conditions.

Figure 5-5 below shows the operating head of one pump operating, and a second parallel pump
operating. The smaller pump meets the low flow conditions. In combination the expected range of
flows and heads is well accommodated. For the operating conditions within the anticipated range of
flows, the pump efficiencies are good (above 64 percent for flows greater than 500 gpm). Pressure at
the discharge will vary between 38 psig and 55 psig depending on flow and RO Feed Tank water level.
Transition from the small pump to one larger pump at about 650 gpm, and from larger pump to two
larger pumps at about 1150 gpm.

Figure 5-5 RO Feed Pump Curves
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Pumps of similar configuration are available from numerous manufacturers, and the specifications will
require that the pumps meet the material and performance objectives for the project.

RO Feed Pump Suction and Discharge Piping
The pump station suction and discharge piping are sized using the standards set forth by the Hydraulics

Institute (HI). Tables 5-15 summarizes the recommended pipe sizes based on hydraulic design
parameters.
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Table 5-15 RO Feed Pump Suction and Discharge Pipe Sizing

ltem DIA,in | V,fps | Q gpm I';I:l;Rn(::sommendation for Horizontal
Two Same-Size Pumps

Pump Suction 12 3.2 1140 8 fps max

Pump Discharge 10 4.7 1140 -

Smaller Pump

Pump Suction 8 4.8 750 8 fps max

Pump Discharge 8 4.8 750 -

In addition to these requirements, Hl indicates that there shall be no flow disturbing fittings closer than
five pipe diameters from the pump.

5.5.4 RO Bypass

A portion of the IM treated water by-passes around the RO treatment system and is blended with the
RO permeate to meet the targeted product water chemistry. The RO bypass connection is just upstream
of the RO feed tank, see Drawing 300M-1 of the 30% design drawings found in Appendix A. The by-pass
flows by gravity and first enters a magnetic flow meter and continues through a flow control valve
before connecting to the RO permeate piping just upstream of the clearwell. The sizing of the by-pass
piping and the size and type of flow control valves is critical for proper operation of the plant.

Hydraulic criteria for the flow control valve is shown below:

Table 5-16 Summary of RO Bypass Valve Upstream and Downstream Conditions
for RO Bypass Valve

- Base Water Heights HGL Static Head
Elevation Max Min Max Min Max Min

RO Feed 657 32 16 689 673

CW Tank 658 10 7 668 665 2 >

The valve rangeability graphic shown in Figure 5- 6 presents the highest and lowest differential head
across the valves (including piping loses) as a function of flowrate as indicated by the dashed lines. The
corresponding valve position between 20 and 80 percent open for the three parallel butterfly valves, is
indicated in the legend.
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Figure 5-6 RO Bypass Control Valve Range and Sizing
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Several scenarios were investigated to determine the most practical flow control valve for the RO Bypass
flow. A single valve larger than 6 inches would not have sufficient turn down to be capable of
controlling the low flow rates. Butterfly, cone, eccentric plug, full port ball and v-port ball valves were
investigated to determine applicability valve types.

We conclude that three butterfly valves in parallel provides both good control and value. One valve will
be in operation at a time. The 6 inch valve will operate as flow set points between 200 gpm and up to
and including 500 gpm. The 8 inch valve will operate as flow set points over 500 gpm and up to and
including 1300 gpm. The 14 inch valve will operate as flow set points over 1300 gpm and up to 3300

gpm.

5.6 Area 400 — RO Treatment System

5.6.1 RO Building Layout and Architecture

The process building will house components of the RO treatment systems along with additional services.
The process equipment area will be designated as NEMA 4X and segregated from the other building
areas. Equipment in the process area will include the cartridge filters, injection piping from the sulfuric
acid and threshold inhibitor addition systems, RO high pressure feed pumps, the RO membrane trains,
and the RO cleaning system. Process piping between the cartridge filters, cleaning system, and
membrane trains will be routed in utility trenches covered by aluminum bar type grating with banded
opening for pipe penetrations. All motor actuated valves, instruments and injectors will be installed on
portions of the piping systems outside the trenches. Certain manual valves at the RO trains will be
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installed beneath the grating. These will be fitted with 2-inch square nut operators accessed by
dedicated banded openings in the trench grating and operated with a T-handle wrench. See Drawing
400M-1 of the 30% design drawings in Appendix A.

Architecture for the RO building will match that of other District water facilities. See Drawings 400A-1
and 400A-2 of the 30% design drawings in Appendix A.

Control Room

The control room will house desks and workstations associated with the facility SCADA system. It will
also include a small conference table and chairs. The main plant PLC cabinet will also be installed in the
control room.

Storage Room

A storage room will be provided to house spare equipment and maintenance materials for the facility. It
will be fitted with rollup and personnel access doors and include a caged area with shelves to hold the
spare components. A small sample sink, counter and cabinet will be provided to allow on-site sample
analysis as well as organize samples for offsite analysis. Floor space will be allocated for larger spare
equipment items, such as a boxed spare RO CIP pump and motor.

Restroom
A single unisex restroom will be provided.

5.6.2 Access Requirements

Access is required to pumps, cartridge filters, the RO membrane trains and the RO cleaning system. In
general, rollup doors will be provided to allow removal of RO pressure vessels and access to the CIP
system. CIP chemicals will be provided in bags or drums and brought into the RO process building when
a cleaning is scheduled. A hose and eductor system will be employed to transfer chemicals into the CIP
tank for solution makeup.

Access will be provided around the cartridge filters to allow change out of the filter elements. The RO
elements inside the pressure vessels will be accessed from the operating floor/grating at the ends of the
trains. The grating will not be traffic rated, so the vessel columns will be kept low (less than 6-ft to the
centerline of the top pressure vessel in each train). Space for loading and unloading membrane
elements will be provided at each end of the trains.

The inter-stage booster pumps on the RO trains will be serviceable in place, along with the CIP pump
and motorized valve actuators. The RO high pressure feed pumps will be vertical turbine can type
pumps. These will be accessed by exterior crane through removable skylights above each pump.

5.6.3 RO Cartridge Filters

The cartridge filters are provided for pretreatment ahead of the RO membrane trains providing removal
of particulate matter and suspended solids. These particulates if left untreated can lead to plugging of
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the feed/concentrate channels in the spiral wound membrane elements, increasing differential pressure
and shortening membrane life. The filters also provide for supplemental mixing of the pretreatment
chemicals.

Each filter includes an ASME-rated pressure vessel and disposable cartridge filter elements. The vessels
are compatible with several types of filter cartridges, but we recommend the string wound type for this
project. Wound filters are the lowest cost alternative and should provide acceptable service life given
the upstream treatment provided by the IM filters. This type of filter is also immune to gross
breakthrough or breach of the material. An initial retention rating of 5 microns is recommended. The
filters are available with ratings between 1 and 20 microns. Alternative rated cartridges could be
employed in successive change outs if conditions warrant. A lower retention rating can remove
additional fine solids at the expense of service life. Clean filters usually experience an initial pressure
drop of around 5 psi and require replacement once they reach 15 psi. Design criteria for the cartridge
filters are provided in Table 5-17: Cartridge Filter Design Criteria.

Table 5-17 Cartridge Filter Design Criteria

Parameter Units Value
Number of Cartridge Filters - 3
Operating Configuration % 3x50
Vessel Orientation - Horizontal
Vessel Design Capacity gpm 1,150
Vessel Inlet and Outlet Connections inches 10
Vessel Pressure Rating psig 150
Vessel Materials of Construction -- Type 316 stainless steel
Number of Filter Elements per Vessel -- 103
Filter Element Diameter and Length inches 2.5x40
Filter Element Materials -- Polypropylene
Filter Element Retention Rating microns 5

5.6.4 RO SYSTEM Alternatives and Selection

The RO system provides for demineralization of the feed supply, producing a low salinity product or
permeate stream and a high salinity brine or concentrate stream. For this project it will remove all
dissolved constituents of concern in the treated water along with chloride—the constituent which
controls the final product water quality. Permeate from the RO system is essentially “over desalted”
and can be blended back with pretreated feed water that bypasses the system to meet final product
water goals—in this case a chloride target of 100 mg/L.

One of the bigger challenges in the design of the RO system for this project is the large flow range that
needs to be covered from CPEN deliveries up to 8.0 mgd and down to 0.6 mgd. Typical RO membranes
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have the ability to adjust flow by + 30 percent; a range insufficient to alone cover the more than 10:1
turndown ratio required.

5.6.5 RO Membrane Trains

The RO system will have a design raw water treatment capacity from 0.37 —3.29 mgd. At the lowest
flow it will produce excess permeate than required to meet the target finished water chloride goal; and
at the highest range slightly less than required to blend with the full 8.0 mgd plant flow to the chloride
goal. These are considered acceptable tradeoffs which allow the system to be configured with three,
identical independent RO membrane trains. A redundant RO train is not recommended as systems can
typically achieve a greater than 90 percent on line factor which is considered sufficient for this project.
In this case, having three identical trains is a benefit as it allows the maintenance of two thirds of the RO
system treatment capacity with any single train out of service.

For the RO membranes, we recommend a high rejection low pressure polyamide composite type. The
high rejection characteristic insures that permeate water produced will have the lowest chloride value,
decreasing the required capacity of RO treatment and lowering the system cost. Low pressure
operation is desirable from an energy perspective and can be achieved by a current class of low
pressure, high rejection membranes available from several manufacturers.

For an RO system, key design parameters are flux and recovery. Flux is effectively the loading rate on
the membranes expressed as gpd/ft? or gfd. Higher flux designs produce better quality water and a
reduced membrane area requirement, but can result in higher energy operation and increased fouling.
Conversely, lower fluxes can sacrifice salt rejection somewhat but allow for lower pressure operation
and extended membrane life. For typical groundwaters, a membrane flux up to 18 gfd average is
achievable. For this project, modeling revealed that the energy conserved by an average design flux of
12 gfd provided enough savings in energy to offset the increased capital expense of the additional
membrane. The difference in product water quality is not a factor in this case, as an acceptably low
chloride concentration can be produced at either design point. Further, designing the nominal, average
system at a flux of 12 gfd provides headroom to expand an individual train’s flow by 34 percent and not
exceed recommended operating flux of any element in the train. This flow expansion allows the three
RO trains proposed to cover the full range of system flows from minimum to maximum without gaps.

In terms of recovery, maximizing recovery increases the amount of permeate extracted from each gallon
of feed water. Higher recoveries therefore conserve the raw water supply resource while at the same
time minimizing the amount of residual concentrate for disposal. Recovery is limited however by the
concentration of sparingly soluble salts in brine stream. As water is transported across the RO
membrane, residual dissolved constituents are left behind in a decreasing volume of water. This
concentration factor is directly tied to the system recovery and increases exponentially with increasing
recovery as shown in Figure 5-7: Concentration Factor vs RO Recovery.
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Figure 5-7 Concentration Factor vs RO Recovery
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So at a recovery of 70 percent dissolved constituents are concentrate by a factor of 3.33; but at 80
percent this cycles up to a factor of 5.0. For the CPEN source supply, the main compounds of concern
are calcium carbonate and silica. Calcium carbonate scaling can be addressed through acid addition to
control pH along with application of a threshold inhibitor compound which prevents the genesis of
crystals at levels above theoretical saturation limits. Silica scales are more problematic and must be
controlled through the addition of inhibitors along with design recoveries that maintain the concentrate
concentration at 180 mg/L or less. For this project, a design recovery of 85 percent maximum is
proposed.

Conventional spiral wound membrane elements come in standard diameters of 2.5, 4.0, 8.0, and 16.0
inch diameter; and normally 40-in in length. The standard diameter for municipal systems of this size is
8-inch. 16-inch membranes while space efficient result in higher initial cost along with handling issues
(8-in elements can be lifted by a single person while 16-in elements require slings and special lifting
devices). They have their place where space constraints trump other considerations, but for this facility
we find the 8-in elements to be optimum. Most 8-in elements over the last 10 years or so have had 400
square feet of membrane area. In the last few years, several manufacturers have come out with 440
square feet elements. Use of the higher area elements reduce the number of discrete membrane
elements required and can reduce system footprint and cost. For this project we propose using the 440
square feet elements.

To achieve the target average flux in the system, multiple elements must be combined in pressure
vessels. The elements are loaded in series. Most commercial pressure vessels can accommodate up to
eight 40-in elements. For this project, we are proposing a design based on seven elements per pressure
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vessel. The recovery that can be achieved by a seven element column of membranes is between 40 — 60
percent. Higher recoveries are achieved by what is known as “brine staging”. The brine exiting the first
seven element column of membranes is collected and routed to a second group of pressure vessels. For
this system we are proposing a 3-stage design. As permeate is extracted in a given stage, the amount of
residual feed water is reduced. Therefore, the residual concentrate from all of the vessels in a given
stage is typically combined and sent to a reduced number of vessels in the succeeding stage. This
insures that minimum element flow requirements are maintained as the volume of feed/concentrate is
reduced through the system. The pressure vessel array for the project has been selected as 15:7:3-that
equates to fifteen vessels in the first stage, seven vessels in the second stage, and three vessels in the
third stage. In addition to the membrane elements and pressure vessels, each train is fitted with a feed
pump that provides the driving pressure to effect the process and concentrate control valve that
controls the brine flow leaving the train and thus the recovery. Design criteria for the membrane trains
are provided in Table 5-18: RO Membrane Train Design Criteria. Additional features of the system design
are discussed below.

Table 5-18 RO Membrane Train Design Criteria

Parameter Units Value
Number of RO Trains - 3
Operating Configuration % 3x33
Design Capacity, Each Train (Permeate)
3-Stage Mode
Average
Maximum 0.93
Minimum med 1.25
& 0.0.63
2-Stage Mode
Average 0.410
Maximum 0.545
Minimum 0.30
Design Recovery
Maximum % 85.0
Minimum 82.5
Design Flux
Average 12.1
Maximum gfd 17.7
Minimum 8.1
Number of Pressure Vessels per Train -- 25
Pressure Vessel Configuration -- 15:7:3
Number of Elements per Pressure Vessel -- 7
Element Area ft? 440
Number of Elements per Train -- 175
Number of Feed Pumps per Train -- 1
Pump Type -- Vertical Turbine Can
46



Preliminary Design Technical Memorandum

Parameter Units Value
Pump Capacity gpm 255-1,020
Pump Design Head feet 85 - 345
Pump Materials of Construction -- Type 316 Stainless Steel
Pump Motor Size hp 125
Pump Drive System -- Variable Speed
Number of Concentrate Control Valves per Train -- 1
Valve Type - Cage Guided Globe
Valve Flow Range gpm 38-153
Valve Rated Pressure Drop psi 35-101
Maximum Valve Coefficient G 75
Valve Materials of Construction -- Type 316 Stainless Steel
Valve Size inches 2

5.6.6 Energy Recovery

There are several energy recovery devices available in the market at this time. Isobaric devices operate
at the highest efficiency but require balanced, matching flows on either side of the exchanger. In staged
brackish water systems, the brine flow containing the energy to be recovered is often considerably less
than 50 percent of the feed water making it a poor application for isobaric energy recovery. Such
devices are most often applied to seawater RO systems that operate at recoveries of 50 percent or less.
In brackish systems, pressure exchangers are more common, through which energy from a high
pressure, low flow stream is transferred to a higher flow stream to increase its pressure. Such devices
usually find application as an inter-stage device where the concentrate stream from a given stage is used
to boost its incoming feed pressure.

Modelling for this project has shown we need around 50 psi of boost pressure into the final stage
pressure vessels. This amount of boost would not be available through a pressure exchanger. There are
some new motor assisted pressure exchangers on the market at this point. Operating experience is
however limited and not without risk at this time. With the relatively low capacity of trains for this
facility, a motor driven boost pump of 15 hp would work well and is what we recommend.
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Table 5-19 Inter-Stage Boost Pump Design Criteria

Parameter Units Value
Number of Pumps per Train -- 1
Pump Type -- Vertical Centrifugal
Pump Capacity gpm 100 -210
Pump Design Head feet 115
Pump Materials of Construction -- Type 316 Stainless Steel
Pump Motor Size hp 15
Pump Drive System -- Variable Speed

5.6.7 Piping Configuration
Each RO train will have the following connections:

Feed inlet

Permeate outlet
Concentrate outlet
Cleaning feed

Cleaning return
Permeate cleaning return

ok wnE

Common headers will interconnect each train to the given service, with the exception of the feed inlet
which will be dedicated line from each feed pump to the respective train. The headers will be routed
through the utility trenches to keep the operating floor around the trains free of interference.

On the trains themselves, permeate and concentrate headers will be routed on top or alongside the
trains above grade. This will permit flow meters, automated valves, and other instruments to be
accessible from the operating floor and not susceptible to flooding in the trenches. Vessel feed and
concentrate connections will be port-to-port, employing large 3-inch diameter outlet ports on each
vessel interconnected with stainless steel grooved couplings, as shown in Figure 5-8.
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Figure 5-8 Vessel Feed/Concentrate Connections

5.6.8 Clean-In-Place System

RO membranes require periodic cleaning to maintain permeability and salt rejection characteristics. For
a system of this size an in-place cleaning system is typical, wherein the membranes are cleaned within
the pressure vessels themselves by circulating cleaning solutions through them. Typical components
include a cleaning solution makeup tank equipped with an immersion heater, a circulation pump,
cleaning chemical dosing system, cartridge filter, instrumentation, and connecting piping and valves.

RO cleaning chemicals are typically not stored continuously on site but rather ordered when a cleaning
is warranted. Typical criteria include a 15 -20 percent loss in permeability, a 15-20 percent increase in
salt passage, or 15-20 percent increase in differential pressure across the membranes. The system will
be configured to allow cleaning of each stage individually through permanently connected pipe
manifolds and valves. The incidence of cleaning on a groundwater RO system of this type is typically
low, often a single time per year. Owing to this we propose a simple, manually operated cleaning
system as opposed to an automated system. Automated systems have increased complexity and lack
the flexibility of a manual system. They can be useful where the frequency of cleaning is high.

For mineral scales low pH cleaners are typically employed, such as citric acid at a 2 percent
concentration. For silica, custom cleaning agents are available from vendors in both low and high pH
forms. Close monitoring of system operating performance can often identify the nature of a foulant and
inform the selection of an appropriate cleaner. If there is not enough information, destructive autopsy
of a single representative element from the train can be conducted to help identify the foulants. To
allow flexibility in form (dry and liquid) and type of cleaners used for the system, we propose providing
an eductor and hose system to load chemicals into the tank. Numerous other utilities have had success
with this approach which allows the eductor to draw in chemical from any receptacle.

Design criteria for the RO clean-in-place (CIP) system are provided in Table 5-20.
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Table 5-20 RO CIP System Design Criteria

Parameter Units Value
No. of Tanks -- 1
Tank Type -- Vertical, Cylindrical
Tank Materials -- FRP
Tank Capacity gal 3,375
No. of Heaters - 1
Heater Type -- Flanged Immersion
Heater Materials -- Stainless Steel/Incoloy
Heater Size kw 100
Number of Pumps -- 1
Pump Type -- Horizontal Centrifugal
Pump Capacity gpm 120 -600
Pump Design Head feet 140
Pump Materials of Construction -- Type 316 Stainless Steel
Pump Motor Size hp 40
Pump Drive System -- Variable Speed
Number of Cartridge Filters -- 1
Vessel Orientation - Horizontal
Vessel Design Capacity gpm 600
Vessel Inlet and Outlet Connections inches 8
Vessel Pressure Rating psig 150
Vessel Materials of Construction -- Type 316 stainless steel
Number of Filter Elements per Vessel -- 52
Filter Element Diameter and Length inches 2.5x40
Filter Element Materials -- Polypropylene
Filter Element Retention Rating microns 5
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5.6.9 Residuals

Residual streams associated with the RO system include the RO concentrate stream from each train
along with cleaning system residuals. RO concentrate waste flows will be present whenever the system
is operating and for a short period following shut down when the trains are flushed with raw water.
Cleaning residuals will be limited to the specific cleaning events and will consist of both drain down of
waste cleaning solutions (adjusted to a neutral pH as required) along with post flush of the membranes
to remove any residual solution from the membranes and pressure vessels.

The RO concentrate will flow under pressure from the RO trains to the existing effluent control structure
and enter through an air gap. Cleaning residuals will most likely be discharged to the wastewater
treatment plant. A certain amount of the CIP waste solution can be pumped out of the tank; but a
portion will need to drain by gravity.

Each train will also be equipped with a permeate dump valve to protect against over-pressurization of
the train permeate and allow discharge of off-spec permeate during post-operation and cleaning
flushes. This stream can either be allowed to drain directly to the pipe trench for gravity drain out or
piped to a suitable receiving system.

5.6.10 Special Features

The wide turndown range required of the RO trains will be accomplished by blocking off the first stage
vessels and operating the trains during low flows as a 7:3 two stage array. The achievable minimum
flow will be dictated by the minimum continuous flow of the RO high pressure feed pumps. A final
selection is still being investigated, but initial indications are that a flow as low as 255 gpm may be
achievable. Manual valves with position switches will be used to configure the trains for either 2- or 3-
stage operation. Depending on the length of the 2-stage operation, the first stage membranes can either
be periodically flushed using the CIP system or stored in a 2 percent solution of sodium bisulfite.

In addition to the low flow configuration, the trains will also be equipped with individual permeate flow
monitoring of all of the individual stages. This is particularly important for systems concerned about
silica scaling as we are here. The onset of silica scale formation is typically first evidenced a drop in the
flow of permeate in the final stage, where silica concentrations are highest. By monitoring the flows real
time the onset of scale formation can be identified early and the membranes cleaned before it has a
chance to take root. Once established, silica scales are difficult to remove and tend to recur at
increasing frequency.

5.6.11 Future Reliability/Expansion

The building layout is structured to allow the addition of one more cartridge filter and RO membrane
train to either increase system redundancy or accommodate an expanded facility flow.

5.6.12 Pretreatment Chemical Feed Systems

As discussed regarding RO system recovery optimization, pretreatment chemicals are used to keep
potential scalants in check. Sulfuric acid will be used to lower the feed water pH while the threshold
inhibitor will be used help control the formation of scales. Each system is discussed separately below.

51



Preliminary Design Technical Memorandum

5.6.13 Sulfuric Acid System

Sulfuric acid is the preferred mineral acid for RO systems as it does not fume the way concentrated
hydrochloric acid does. Rather, it tends to draw moisture from the air and requires a desiccant on the
storage tank air draw. Modelling based on the design water quality shows a target pH of 6.9 into the RO
system. This will require a dose of roughly 40 mg/L of acid in proportion to the RO feed water flow. The
rate of dosing will primarily be flow paced with a pH trim to help control the system to a target pH set
point. Proper operation of the sulfuric acid system will be monitored by downstream pH analyzers with
alarm functionality to catch any over or under-dosing.

The acid dosing system itself will include a storage tank, metering pumps, piping, valves and chemical
injector. A horizontal lined steel storage tank is recommended to help guard against corrosion. The
design storage duration is 15 days at the average plant operating capacity. Metering pumps will be
hydraulic diaphragm type driven by small chassis mount VFDs. Each pump will be provided with its own
drive panel. Sulfuric acid can generate a large amount of heat from back-mixing with water, which can
occur at the injection point. We recommend the use of welded Alloy 20 piping for the injection piping to
both increase its strength and guard against temperature effects. For low pressure piping we propose
using butt fused PVDF. The chemical injector will be of Alloy 20 construction, fitted with a check valve
and installed through a wet-tap installation that will permit extraction of injector without draining the
process pipeline. Design criteria for components of the sulfuric acid system are provided in Table 5-21.

Table 5-21 Sulfuric Acid System Design Criteria

Parameter Units Value
Sulfuric Acid Concentration % 93
Sulfuric Acid Specific Gravity -- 1.83
Sulfuric Acid Dose mg/L 40
No. of Tanks - 1
Tank Type -- Horizontal, Cylindrical

Tank Materials

Phenolic Lined Steel

Tank Capacity gal 1,000

No. of Pumps -- 2
Operating Configuration % 2x100

Pump Type -- Hydraulic Diaphragm
Pump Capacity gph 3.6

Pump Materials of Construction -- Alloy 20/PTFE
Pump Motor Size hp 0.5

Pump Drive System -- AC Variable Speed
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5.6.14 Threshold Inhibitor Addition System

Threshold inhibitors are proprietary compounds developed by chemical vendors and designed to
impede the formation of crystals which can plate the membrane surface. A target dose of 1.0to 3.0
mg/L is recommended as the basis of design and can accommodate a wide range of candidate inhibitors.
In the case of threshold inhibitor, there is as yet no reliable analytical measurement to detect its
concentration in the RO system feed water. Its dose is therefore strictly flow paced. To insure that it is
being applied correctly, a flow meter will be provided on the injection line for the purpose of monitoring
flow and activating alarms. Given the potential low facility flows and low dose rate, at times the flow of
100 percent (neat) inhibitor could drop as low as 0.06 gph. Monitoring a flow this low would be difficult;
so instead, the system will be designed to allow dilution of raw inhibitor at a rate up to 10:1. This will
serve to maintain the flow of threshold inhibitor in the injection line in a range that can be accurately
monitored. The dilution source will be RO permeate and added directly to the threshold inhibitor
storage tank at the time of raw inhibitor delivery.

Piping materials consist of Type 316 stainless steel for injection piping and butt fused polypropylene for
low pressure piping. The stainless steel injection piping is structurally robust and guards against
breakage. The acid system will include a storage tank, metering pumps, and injector. We propose using
a fixed in place storage tank which allow for the periodic dilution of inhibitor with RO permeate as
needed. Design criteria for components of the system are provided in Table 5-22.

Table 5-22 Threshold Inhibitor System Design Criteria

Parameter Units Value
Threshold Inhibitor Concentration % 10 - 100
Threshold Inhibitor Specific Gravity - 1.00-1.05
Threshold Inhibitor Dose mg/L 3
No. of Tanks - 1
Tank Type -- Vertical, Cylindrical
Tank Materials - FRP
Tank Capacity gal 565
No. of Pumps - 2
Operating Configuration % 2x100
Pump Type -- Hydraulic Diaphragm
Pump Capacity gph 1.0
Pump Materials of Construction - 316 Stainless/PTFE
Pump Motor Size hp 0.5
Pump Drive System - AC Variable Speed
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5.7 Area 500 - Disinfection, Stabilization, Clearwell, and Product Water Pumping

After the ground water is treated and blended it undergoes disinfection and stabilization. Part of this
process occurs in the clearwell before the product water pumps boost the pressure to match the
District’s distribution system, specifically the Gheen pressure zone. The associated design criteria for the
processes and equipment is provided in the following paragraphs.

5.7.1 Disinfection

The disinfection system is divided into two major categories: primary disinfection for virus removal and
secondary disinfection to maintain a biostatic in the distribution system. Primary disinfection will be
conducted in a clearwell with free chlorine. The contact time in the clearwell and the chlorine residual at
the outlet of the clearwell have been selected to achieve 4 logs of virus inactivation, according to the
Environmental Protection Agency (EPA) CT tables3. Sodium hypochlorite will be drawn from the same
sodium hypochlorite storage system that is used for oxidation addition upstream of the IM vessels,
backwash chlorination and regeneration. Rapid mixing will be provided after application of sodium
hydroxide to ensure adequate blending prior to flow line (streamline) separation in the clearwell.

Secondary disinfection will be accomplished with chloramines because they match the secondary
disinfectant used by the San Diego Country Water Authority (SDCWA) and FPUD at the Red Mountain
Water Treatment Plant (WTP). Chloramines have the further benefits in that they are more stable than
free chlorine (they degrade more slowly), and that they form fewer trihalomethanes (THMs) and
haloacetic acids (HAAs). Chloramines will be formed by the addition of ammonia (ammonium hydroxide)
to the clearwell effluent, which will react with the residual free chlorine to form chloramines. An
effluent clearwell free chlorine analyzer will be used to control the chlorine dose, based on maintaining
a conservative residual setpoint. In addition to trimming the chlorine dose, the effluent clearwell
chlorine analyzer will be used for compliance monitoring and to control the ammonia dose, based on
feed-forward control and flow-pacing. An optional influent analyzer is included to monitor the dosed
concentration and chlorine decay through the clearwell. The design criteria for these systems are shown
in Table 5-23.

3 Assuming 15 degrees Celsius, or greater, a pH in the range of 6 to 9, a T1o/T baffling efficiency of 0.3, a safety factor of 20%, a
free chlorine residual of 1 mg/L, and a flow of 7.8 MGD. A tracer study will likely be necessary to validate the baffling factor at
start-up.
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Table 5-23 Disinfection System Design Criteria

Parameter Units Value
Disinfectant chemical na Sodium hypochlorite
Typical dose, estimated mg/L as Clz 2.5
High disinfectant chemical metering pumps Duty+standby 1+1
High disinfectant pump capacity® gph 11.3
High disinfectant pump turndown, min? Maximum flow: minimum flow 10:1
Low disinfectant chemical metering pumps Duty+standby 1+1
Low disinfectant pump capacity? gph 1.2
Low disinfectant pump turndown, min* Maximum flow: minimum flow 10:1
Disinfectant chemical storage volume gal 7500
Disinfectant chemical strength, assumed % 12.5
Clearwell volume for CT, minimum gal 90,000
Ammonia chemical na Ammonium hydroxide
Typical dose, estimated mg/L 0.5
High ammonia chemical metering pumps Duty+standby 1+1
High ammonia pump capacity? gph 1.2
High ammonia metering pump turndown, min? Maximum flow: minimum flow 10:1
Low ammonia chemical metering pumps Duty+standby 1+1
Low ammonia pump capacity? gph 0.12
Low ammonia metering pump turndown, min? Maximum flow: minimum flow 10:1
Ammonia chemical storage volume? gal 500
Ammonia chemical strength, assumed % as NHs 29%

1 Dose of 1 to 4.5 mg/L as Cl, for flow ranges between 0.40 and 7.8 MGD with a neat sodium hypochlorite solution decay of 10%
2 Doses of 0.2 to 1.0 mg/L (chlorine to ammonia weight ratio of 5:1 for chlorine residuals of 0.8 to 4 mg/L as Cl,) for flows

ranging from 0.40 to 7.8 MGD
3 Estimated storage time of 17 days at design flow

Space for a booster chlorine dose point will be reserved, in case it is necessary to decouple the
disinfection process from the maintaining a distribution system chlorine residual. For example,
decoupling would allow for a low clearwell effluent free chlorine residual (e.g., 0.2 to 1 mg/L as Cls,
depending on flow) with a higher chloramine distribution system residual (e.g., 2 to 3 mg/L as Cl,).

5.7.2 Stabilization

The product water will be stabilized prior to entering the distribution system. Stabilization is required to

minimize corrosion of the distribution piping and household plumbing, given the corrosivity of the

product water, which is a blend of RO permeate and highly carbonated groundwater. Stabilization will

be achieved with caustic (sodium hydroxide) and orthophosphate addition. Liquid lime was considered

as alternative to caustic; however, caustic was chosen because liquid lime is relatively new and lacks an

extensive track record. A degasifier was also considered to reduce caustic requirements; however,

caustic was found to be a more cost effective alternative on a net present worth basis (see Appendix H

for details of comparison).*

Caustic is added downstream of the clearwell due to higher rates of disinfection at lower pH values, as
well as lower rates of trihalomethane (THM) formation. The caustic dose will be controlled by
downstream pH measurement, with power id mixing in between the dose point and the analyzer sample

4 Space will be reserved on site so that a degasifier can be added at a later date, if desired.
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location to achieve a low coefficient of variation (e.g., 5%). Orthophosphate addition will be flow paced,
with the dose set by the operator. The design criteria for the stabilization system are shown in Table 5-
24.

Table 5-24 Stabilization System Design Criteria

Parameter Units Value
Alkali chemical na Sodium hydroxide
Typical dose, estimated mg/L 22
High alkali metering pumps Duty+standby 1+1
High alkali metering pump capacity! gph 43.0
High alkali pump turndown, min? Maximum flow: minimum flow 10:1
Low alkali metering pumps Duty+standby 1+1
Low alkali metering pump capacity! gph 5.2
Low alkali pump turndown, min? Maximum flow: minimum flow 10:1
Alkali chemical storage volume? gal 9,000
Alkali chemical strength, assumed % 25%
Phosphate chemical na Phosphoric acid
Typical dose, estimated mg/L 3
High phosphate metering pumps Duty+standby 1+1
High phosphate pump capacity3 gph 1.1
High phosphate pump turndown, min3 Maximum flow: minimum flow 10:1
Low phosphate metering pumps Duty+standby 1+1
Low phosphate pump capacity3 gph 0.12
Low phosphate pump turndown, min3 Maximum flow: minimum flow 10:1
Phosphate chemical storage volume* gal 500
Phosphate chemical strength, assumed % 85%

1 Doses of 9 to 38 mg/L (based on RO bypass ratios of 40 to 62%, as product, for a range of influent water qualities, targeting a
positive Langelier Saturation Index and a Calcium Carbonate Precipitation Potential of 3 to 5 mg/L as CaCOs) for flows ranging

from 0.40 to 7.8 MGD

2 Typical storage time estimated at 15 days for design flow
3 Doses of 1 to 5 mg/L for flows ranging from 0.40 to 7.8 MGD

4 Storage duration of approximately 30 days at typical dose and design flow

5.7.3 Clearwell

The clearwell is shown on the site plan and Drawing 500M-1 of the 30% design drawings in Appendix A.

The sizing of the clearwell considered buffering time in addition to disinfection CT. In the event of the
IM and RO process suffering an emergency shutdown and assuming only 76,000 gallons in the clearwell
there would be 5 minutes of buffering capacity. The critical case however is when the product water
pumps suddenly stop. A 90,000 gallon tank, covering CT requirements, would likely provide only 10,000
gallon, or 2 minutes of buffering. The tank is currently sized at 116,000 gallons which provides 7
minutes of buffering at full capacity. On high-high clearwell level indication the IM and RO processes
will be shut-down, and the RO by-pass valve closed which takes very little time.

The tank will be baffled to assist with providing additional assurance for meeting disinfection
requirements.
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Design criteria for the tank is provided as follows.

e TypeofTank: Welded Steel (AWWA D-100)

e Storage Capacity: 0.12 MG

e Diameter: 45 feet

e High Water Level: 10 feet

e Floor Elevation: 658 feet

e Free Board: 3.0 feet

e Roof: column-supported cone with radius knuckle
e Total Tank Height: 13.0 feet

The tank is shown on the site plan, Drawing C-1 and Drawing 500M-1 and 500M-2of the 30% design

drawings in Appendix A.

The proposed tank will be designed according to the provisions of ASCE 7. Key parameters for wind and

seismic design loads are as follows:
General Parameters
e Site Class:
Wind Design Load
e Wind Load Risk Category
e Wind Speed:
e Exposure:
Seismic Design Load
e (0.2-second period, mapped spectral accel., Ss:
e 1-second period, mapped spectral accel., Si:

Short-period site coefficient, Fa:
Long-period site coefficient, F.:

1-second period, Design Earthquake spectral response accel., Spi:
e Earthquake Importance Factor, le:

Tank Design
Steel tank structural design criteria consists of the following:

Design per current AWWA D100 standard

Roof design live load: 20 pounds per square foot (reducible)
Tank shall be mechanically anchored to the foundation
Tank shall be classified as Seismic Use Group (SUG) Il

Checking longitudinal tank shell compression stress (wall buckling)

0.2-second period, Design Earthquake spectral response accel., Sps:

v
115 miles per hour
C

1.223 g
0.471g
1.0
1.329
0.815g
0.418g
1.25

Use Ri = 2.5 and Rc = 1.5 for base shear, overturning moment and hoop shell tension design
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5.7.4

Freeboard will be based on AWWA D100 requirements. 3.0 feet of freeboard is estimated for
preliminary design based on the design of similar steel tanks in California per the current D100
standard. An alternative design procedure may consist of a lower tank roof (with less freeboard)
which is structurally reinforced to withstand, but not prevent, damage from tank sloshing. This
alternative approach is assumed to be similar in cost to a taller tank, although it is not yet common
practice for steel tanks constructed per current AWWA code in California.

Product Water Pump Station

The product water pumps take suction of the clearwell and supply the Gheen distribution zone.

Product Water Pumping Operating Head Conditions

The product water pump are controlled off the clearwell level and maintain a set point water surface
elevation. The discharge varies with the water surface elevation in the Gheen reservoir, Gheen zone
demand and the production rate off the plant. A summary of upstream and downstream head conditions
is shown in Table 5-25.

Table 5-25 Summary of Product Water Pump Upstream and Downstream Conditions

Base SLLLEUIA L HGL Static Head
Tanks Levels
Elevation Max Min Max Min Max Min
Clearwell 658 10 7 668 665
364 346
Gheen 998 31 16 1029 1014
Reservoir

Note: all values are in feet.

Product Water Pump Type and Configuration

The preliminary layout of the product water pumps are shown 500M-1 of the 30% drawings found in
Appendix A. The proposed pump station consists of four can-mounted, vertical turbines pumps of the
same capacity with VFD drives. This configuration was chosen based on the following:

Vertical turbine pumps (VTP) have a smaller footprint of similarly capacity horizontal pump/motor
combinations, thus reducing the size and construction costs of the pump station. This is especially
the case with multistage pumps as required for this application.

Vertical turbine pumps maintain better suction when connected to above ground tanks than
grade mounted horizontal pumps. The VTP’s extend below grade which effectively increases the
suction pressure to the pumps and will assist in quickly draining the clearwell in preparation for
periods when the plant may offline for extended periods of time.

Four pumps of the same size minimize storing additional spare parts for the pumps and associated
suction and discharge piping.

VFD drives minimize water level fluctuations in the clearwell and assist in maintaining smooth
ramp-ups and ramp-downs associated with transitions when adding or removing pumps to meet
production flow conditions.
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Product Water Pump Selection and Performance

Flowserve five-stage pump with a 250-horsepower (HP) motor meets the criteria. Pump efficiency is
about 80 percent at full speed (1770 rpm) and a design flow of 2 MGD (per pump).

Figure 5-9 below shows the operating VFD envelopes for one, two, three and four pumps operating in
parallel. Forthe operating conditions within the anticipated range of flows, the pump efficiencies are
good (above 70 percent for most flows greater than 2 MGD). The pumps will cover all anticipated
production rates. Transition from on pump to two will occur 1500 gpm, two to three pumps in operation
at about 3200 gpm, and three to four pumps in operation at about 4500 gpm.

Figure 5-9 Product Water Pump System Curve and VFD Operating Envelopes

Flowserve Vertical Turbine Pumps
Type 13ETMH (1350-1770 RPM, 9.3" Impeller)

500

No pemand

Left 50%

400

300

Head (feet)

200

0.6 MGD

100
0 1000 2000 3000 4000 5000 6000 7000 8000

Flowrate (gpm)

Note: that High RPM = 1770, Low RPM = 1350.

Pumps of similar configuration are available from numerous manufacturers, and the specifications will
require that the pumps meet the material and performance objectives for the project

Product Water Pump Suction and Discharge Piping
The pump station suction and discharge piping are sized using the standards set forth by the Hydraulics

Institute (HI). Table 5-26 summarizes the recommended pipe sizes based on hydraulic design
parameters.
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Table 5-26 Product Water Pump Suction and Discharge Pipe Sizing

ltem DIA, in v, fps Q, gom :I"Il%bei;t;n;um;::atlon for Vertical
Suction Header 24 4.0 5600 8 fps max
Pump Suction 12 4.0 1400 4 fps max
Pump Discharge 10 5.7 1400 -

In addition to these requirements, Hl indicates that the length of the suction piping upstream of the
pump must be at least five pipe diameters.

5.8 Area 600 — Chemical Facilities

The chemical facilities are show on the site plan and on drawing 600M-1 of the 30% design drawings in
Appendix A. The facility includes chemical truck unloading, depressed chemical containment and
chemical trenches. Trenches are covered with FRP grating. Operator access to the facility is from the
RO building on the northwest, with the trench grating matching the grade of the RO building floor. The
grated trench continues the length of the facility and exits on the southeast end of the facility. Chemical
storage and metering pump criteria and indicated elsewhere within this document. A list of chemicals
stored, containment capacity, and reference to paragraphs where additional criteria can be found is
shown in Table 5-27. The facility will be designed in compliance with the IBC and fire codes.

Table 5-27 Chemical Criteria References and Containment Capacities

Chemical .
Chemical Storage Contamr.nent Reference Paragraphs
Capacity
Volume

Sodium Hypochlorite 12.5% 7,500 gal 8,000 gal 5.4.5 Oxidation System,
5.7.1 Disinfection

Sulfuric Acid 93% 1000 gal 5,500 gal 5.6.12 Pretreatment Chemical Feed
System

Threshold Inhibitor 100% 565 gal 1,420 gal 5.6.12 Pretreatment Chemical Feed
System

Ammonium Hydroxide 29% 500 gal 1,430 gal 5.7.1 Disinfection

Sodium Hydroxide 25% 7,500 gal 9,150 gal 5.7.2 Stabilization

Phosphoric Acid 85% 500 gal 1,420 gal 5.7.2 Stabilization

Ferric Chloride 37% 500 gal 1,420 gal 5.4.6 Quenching System
5.9 Area 700 - Waste Backwash
Recovery and Drying Beds

Sodium Bisulfite 38% 1,000 gal 1,430 gal 5.10 Plant Shutdown, Mothballing,
and Startup Design Features

Small Spare Area TBD 1,430 gal 5.8 Chemical Facilities

Larger Spare Area TBD 6,200 gal 5.8 Chemical Facilities

The facility will be covered with a steel canopy extending several feet beyond the perimeter of the base
footprint. A skirt extending vertically 9 feet from the roof down the sides will assist in keeping rainwater
out of the facility. The canopy will be equipped with gutters and downspouts.
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Metering pumps will be peristaltic type unless otherwise noted mounted above sinks to facilitate
periodic hose maintenance. There are two entrance/exit location for each separate containment area.
Chemical safety data sheets for the chemicals used are provided in Appendix J, Chemical Safety Data
Sheets.

The ammonia hydroxide will need the full California Accidental Release Prevention (CalARP), Program
level 2 which includes a process safety review, offsite consequence analysis and plenty of procedural
documents submitted to the County.

5.9 Area 700 — Waste Backwash Water Recovery and Drying Beds

The waste washwater recovery tank and drying beds are shown on the site plan of the 30% design
drawing in Appendix A. The waste backwash water from the IM vessels will flow by gravity to a below
grade reclaim tank and result in recovering essentially all of the water and returning it to the front of the
plant (the washwater recovery system increases the IM treatment system recovery from estimated 96%
to estimated 99.98%). In addition to increasing recovery, the waste backwash water recovery system
also reduces the loading of waste backwash water on the WWTP (e.g., manganese loading). Sludge will
be pumped to the drying beds.

As the waste washwater flows to the waste washwater (WWW) recovery tank, ferric chloride will be
injected to improve settling of the solids®. Ferric chloride is included because experience with similar
waters that are low in iron but high in manganese have shown poor settling without the addition of
ferric chloride. After ferric chloride addition, the waste washwater will be allowed to gravity thicken in
the WWW recovery tank. Gravity thickening results in the separation of particles in the backwash waste
water, with particle concentrations reduced in the supernatant and particle concentrations increased in
the sludge, due to the downward movement of large particles by the force of gravity. Gravity thickening
effectiveness increases with increasing time (settling time). The shortest settling time occur at the
design flow, which is when the filter backwash frequency is the greatest. Longer settling times can be
achieved at lower flows. The WWW recovery system was sized for the most challenging condition:
design flow.

After gravity thickening, the supernatant will be pumped back to the equalization (EQ) tank at a target
recycle rate of 10% (i.e., during recycling, 10% of the total flow to the filters will be from reclaimed
backwash waste water and 90% of the flow will be from MCBCP). A recycle rate of 10% was selected to
minimize the impact of the reclaim water quality on filter performance. The recycle rate, and thus the
time period when recycling is occurring (recycling time), will vary with the plant flow rate in order to
meet the target recycle rate (e.g., the recycle time will be shortest at design flow). After recycling, the
WWW recovery tank will be ready to receive draindown and waste backwash water from a backwashing
filter. When the WWW recovery tank has received the last of the backwash waste flows, gravity
thickening can begin again, and the solids separation process is repeated. The settling time is
constrained by the recycling time and the time when the WWW recovery tank receives backwash water;
thus, given that the recycling time is fixed, the time when the WWW recovery tank receives backwash
water should be kept to a minimum.

During gravity thickening, particles accumulate at the bottom of the WWW recovery tank. These
particles will thicken to form a sludge, which will be periodically pumped to drying beds for further

5 A minimum of 20 pipe diameters is required between the injection point and the Reclaim Tank to ensure sufficient mixing
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thickening. The WWW recovery tank will include at least 2 ft of dedicated volume for sludge
accumulation. The WWW recovery tank and supporting system design criteria are shown in Table 5-28.
Design criteria for the system elements follow.

Table 5-28 Waste Backwash Water Reclaim System Design Criteria

Parameter Units Value
Reclaim tanks? # 1
Active reclaim tank volume? gal 145,000
Coagulant chemical na Ferric chloride
Typical dose, estimated mg/L 30
Coagulant metering pumps Duty+standby 1+1
Coagulant metering pump capacity? gph 64.8
Coagulant pump turndown, min3 Maximum flow: minimum flow 10:1
Coagulant chemical storage volume®* gal 500
Coagulant chemical strength, assumed % 37
Reclaim pumps Duty 3
Reclaim pump capacity® gpm 42 to 542
Sludge pumps Duty 1
Sludge pump capacity gpm 32

1 Affords approximately 186 minutes of settling time and 133 minutes of reclaim time, with 24 minutes to receive backwash
water, at design flow and estimated backwash interval of 5.6 hours (based on estimated filter run times of 28 hours).

2 Active volume is volume that can be reclaimed by the reclaim pump (it does not include the dedicated sludge volume); active
volume includes storage for two backwashes (at 72,000 gallons per backwash).

3 Provides doses of 30 to 60 mg/L for backwash rates ranging from 3 to 15 gpm/ft?2

4 Estimated storage duration of approximately 20 days at design flow

5 With variable speed drive

5.9.1 Waste Washwater Recovery Tank

The waste washwater recovery (WWW) tank is shown on 700M-1 in the 30% design drawings found in
Appendix A. This is a cast-in-place concrete tank with a hopper bottom. The hopper bottom facilitates
sludge collection and reduces cost by not having vertical walls in excess of 15 feet deep. Initial
geotechnical information (See Appendix F) indicates that at about 15 feet deep across hard material is
present. Construction of the tank as currently configured slightly exceeds this depth. If rock is present
at the depth of the current design there is not much rock excavation that general structural design
criteria will have to be performed to accommodate the current design. We will consider further
investigative methods or make dimensional adjustments during final design. Refinements to the wash
water recovery system will occur as part of the design development process.

5.9.2 Washwater Recovery Pumps

The washwater recovery pumps take suction off the WWW recovery tank and pump to the front of the
plant. The wash water recovery pumps are shown on Drawing 700M-1 of the 30% design drawing in
Appendix A.
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Washwater Recovery Pumping Operating Head Conditions

The washwater recovery pumps feed the supernatant back to the front of the plant. They are manually
initiated and operated based on settling time following a back wash of the IM vessel and operation
experience. The pump will be manually shutdown or automatically by low level control. Suction pressure
depends on the level in the WWW Tank. The discharge pressure varies depending on the level in the
Equalization Tank. A summary of upstream and downstream head conditions is shown in Table 5-29.

Table 5-29- Summary of Washwater Recovery Pump Upstream and Downstream Conditions

- Base Water Heights HGL Static Head
anks -
Elevation Max Min Max Min Max Min
WWW 633.3 215 8.2 654.8 641.5
94 73
EQ 710 25 17.5 735 727.5

Note: all values are in feet.
Washwater Recovery Pump Type and Configuration

The preliminary layout of the washwater recovery pumps is shown on drawing 700M-1 of the 30%
drawings found in Appendix A. The proposed pump station consists of three vertical turbines pumps,
two of the same capacity and one of smaller capacity to meet minimum flow conditions, all with VFD
drives. This configuration was chosen based on the following:

e Vertical turbine pumps (VTP) have a smaller footprint of similarly capacity horizontal pump/motor
combinations.

e Vertical turbine pumps maintain better suction when connected to above ground tanks than
grade mounted self-priming horizontal pumps. The VTP’s extend below grade which effectively
increases the suction pressure to the pumps.

e Two pumps of the same size minimize storing additional spare parts for the pumps and associated
suction and discharge piping.

e VFD drives minimize flow fluctuations in the water entering the plant contribute to overall smooth
operations.

Washwater Recovery Pump Selection and Performance

For the two same capacity pumps, Flowserve eight-stage pump with a 10-horsepower (HP) motor meets
the criteria. Pump efficiency is about 82 percent at high speed (890 rpm) and a design flow of 270 gpm

(per pump).

For the smaller capacity pump, Flowserve six-stage pump with a 3-horsepower (HP) motor meets the
criteria. Pump efficiency is about 72 percent at high speed (1185 rpm) and a design flow of 90 gpm (per
pump).

Figure 5-10 below shows the operating envelopes for the one smaller pump alone and the other two
pumps, one alone and two in parallel. For the operating conditions within the anticipated range of
flows, the pump efficiencies are good (above 50 percent).

Figure 5-10 also indicates that with VFD drives the pumps will cover all excepted production rates.
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Figure 5-10 Waste Washwater Recovery Pump System and VFD Operating Envelopes
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Pumps of similar configuration are available from numerous manufacturers, and the specifications will
require that the pumps meet the material and performance objectives for the project (See Appendix P4
for pump data).

Washwater Recovery Discharge Piping

Pipe sizes and hydraulic parameters are summarized below.

Discharge — Same Capacity Pumps

e Diameter: 6 inches
e Velocity: 3.1 feet per second
e Flow: 270 gallons per minute

Discharge — Smaller Pumps

e Diameter: 4 inches
e Velocity: 2.6 feet per second
e Flow: 100 gallons per minute

In addition to these requirements, Hl indicates that the VTPs suspended in an open tank or from a pier
are to be separated by five times the maximum cross-sectional dimension of any obstructions to the
intake flow path. Also they are to be set at five inlet bell outside diameters above and sludge material
that is not captured by suction flow.
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5.9.3 Sludge Pump

The sludge pump takes suction off the waste washwater recovery tank and pumps to one of two drying
beds. The sludge pump is shown on 700M-1.

Sludge Pumping Operating Head Conditions

The sludge pump is manually controlled and operated based on sludge measurements and operation
experience. The pump will be manually shutdown or automatically by low level control. Suction pressure
depends on the level in the waste washwater recovery tank. The discharge pressure varies depending on
which drying bed is receiving sludge. A summary of upstream and downstream head conditions is shown
in Table 5-30.

Table 5-30 - Summary of Sludge Pump Upstream and Downstream Conditions

_— Base Water Heights HGL Static Head
anks .
Elevation Max Min Max Min Max Min
WWW 633.3 21.5 8.2 654.8 641.5
Drying Bed 1 44 19
. 1. . 4
(DB-1) 683.5 5 0.5 685 68
Drying Bed 2
(DB-2) 673.5 1.5 0.5 675 674

Note: all values are in feet.
Sludge Pump Type and Configuration

The preliminary layout of the sludge pump is shown on drawing 700M-1 of the 30% drawings found in
Appendix A. A single constant speed submersible pump is employed for this service. A submersible
pump was chosen based on the following:

e Small footprint.
e Ease of removal.
e Specifically designed for sludge.

Sludge Pump Selection and Performance

Goulds single-stage pump with a 2-horsepower (HP) motor meets the criteria. Pump efficiency is about
29 percent at rated speed (1160 rpm) and a design flow of 32 gpm.

Figure 5-11 below shows that the target is met when pumping to the upper Drying Bed 1 with good
pumping efficiencies (about 30%). The figure also shows that when pumping to the lower Bed 2, the
pump will run off the end of the curve. During final design, this condition will be evaluated to impose a
restriction in the discharge piping so that minimum target flows can be met while maintaining maximum
flows that remain on the pump curve.
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Figure 5-11 Washwater Sludge Pump Curve
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Pumps of similar configuration are available from numerous manufacturers, and the specifications will
require that the pumps meet the material and performance objectives for the project (See Appendix P5
for pump data).

Sludge Pump Suction and Discharge Piping

Sludge pump pipe sizes and hydraulic parameters are summarized below.

e Diameter: 2 inches
e Velocity: 3.3 feet per second
e Flow: 32 gallons per minute

5.9.4 Sludge Drying Bed System

Sludge from the reclaim system will be sent to rehabilitated sludge drying beds for dewatering. These
beds previously served the Fallbrook Public Utility District (FPUD) Wastewater Treatment Plant (WWTP),
but are no longer needed by the WWTP. The drying beds have a center sand channel, which used to
drain water from the sludge to the WWTP. The liner that separates the sand from the soil has been
subject to damage from animals and may cause flooding of nearby low-lying areas. The rehabilitated
beds will include removing the center channel extending the concrete floor slab over this area. See
700M-2 of the 30% design drawings in Appendix A. The modifications include the ability to decant the
drying beds to the sewer and also to discharge the sludge from the waste washwater reclamation tank
to the sewer if the beds become overwhelmed. Decanting will be accomplished through an adjustable
overflow (e.g., stop logs). The estimated drying time is one to eight weeks, depending on the time of the
year®. The beds are best operated at the same time, to maximize evaporative surface area, with isolation

6 Estimate based on guaranteed minimum delivered flows from MCBCP
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occurring only for drying and sludge removal. The estimated clean out interval is once a year per bed.
The design criteria for the rehabilitation of the beds are shown in Table 5-31.

Table 5-31 Sludge Drying Bed Design Criteria

Parameter Units Value
Number of drying beds # 2
Number of independent channels # 2
per drying bed
Drying bed length ft 175
Channel width ft 20
Drying bed depth ft 1.5

5.10 Project Structural Design

The general structural design criteria for the project is provided under this section. The intent of the
criteria is to ensure all structural buildings and facilities meet structural code requirements (code level
forces) for life safety.

Applicable Codes, Standards, and References

The design codes, standards, and references in Table 5- 32 are applicable for the evaluation of structures
for the Project.
Table 5- 32 Applicable Structural Codes and Standards

Code/Standard Application and Project Impact
California Building Code (CBC), Specifies minimum structural design loads and design requirements
2013 Edition for new facilities constructed in California. This code refers to

International Building Code (IBC) 2013 for many criteria, which
contains more specific details.

American Society of Civil Engineers (ASCE) | Specifies minimum structural design loads and design requirements
Standard No. 7-10, “Minimum Design for new facilities.

Loads for Buildings and Other Structures.”
ACI 318-11 “Building Code Requirements | Specifies generic minimum design criteria for reinforced concrete
for Reinforced Concrete.” structures.

ACI 350-06. “Code Requirements for Contains minimum design criteria for environmental and liquid
Environmental Engineering Concrete retaining concrete structures to provide concrete crack and leakage
Structures.” control measures.

Geotechnical Criteria

Findings and recommendations from the geotechnical investigations (See Appendix F) are used to form
the basis for the structural design criteria of the Santa Margarita Conjunctive Use structure. Below grade
structures are evaluated to resist the lateral earth pressures determined based on the soil analysis.
Additional geotechnical work will be performed and consideration given to pumping to a raised tank to
avoid bedrock. Also note from work on WRP site, in additional to bedrock there were very large
boulders spread across the site above bedrock.
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Seismic Design

Seismic design utilizes the peak ground acceleration at the site and the probability of exceedance as
provided in the geotechnical investigation (See Appendix F).

Design Loads

The following definitions of loads are used for design of structures:

D Dead Load (material weights and fixed equipment)

E Earthquake (seismic) Load

Em Estimated Maximum Earthquake Force (ASCE 7-10 Section 12.4.3)
fl  Coefficient defined in 2013 CBC Section 1605.2

H Lateral Pressure of Soil and Water in Soil Loads

L Live Load (except roof live load)

L Roof Live Load

w Wind Load

The design loads for dead (D), live (L), fluid (F), wind (W), and earthquake /seismic (E) loads are included
as Table 5-33. The load combinations used for reinforced concrete, steel, and masonry structural design
are included as Table 5-34.

Acceptance Criteria

The acceptance criteria for ensuring that structural designs meet the CBC and IBC design requirements
are summarized in Table 5-33.

Table 5-33 Structural Design Loads

Design Load Value

Dead Load (D)
Structure Weight

Concrete 150 pound per cubic feet (pcf)

Steel 490 pcf

Aluminum 165 pcf

Equipment Actual weight per vendor
Live Loads (L)

Roof 20 psf minimum
Fluid Loads (F)

Hydrostatic Loads Water density = 62.4 pcf
Wind Loads (W)

Basic Wind Speed 115 miles per hour (mph)

Exposure C

Wind Loads Factor ASCE 7-10 Section 6.5.11
Earthquake (Seismic) Loads (E)

Seismic Coefficients

Risk Category v

Site Class D
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Design Load Value

Site Coefficient (Fa) 1.0

Site Coefficient (Fy) 1.0

Site Coefficients SMs and SDs SMs=1.210 and SDs=0.807

Site Coefficients SM1 and SD1 SM1=0.704 and SD1=0.470
Importance Factors

Structures 1=1.25

Equipment Ip=1.5
Response Modification Coefficient (R)

Structures ASCE 7-10 Table 12.2-1

Mechanical & Electrical Components ASCE 7-10 Table 13.6-1

Non-Building Structures ASCE 7-10 Table 15.4-2

Table 5-34 Structural Load Combinations
Loading Combination Reference

Reinforced Concrete Strength Design (SD) Method
U=1.4D CBC Section 1605.2, EQN: 16.1
U=1.2D+1.6 (L+H)+0.5 Lr CBC Section 1605.2, EQN: 16.2
U=1.2D+1.6Lr+1.6H+ f1L+0.5w CBC Section 1605.2, EQN: 16.3
U=1.2D+1.0W+ f1L+1.6H+0.5Lr CBC Section 1605.2, EQN: 16.4
U=1.2D+1.0E+f:L+1.6H CBC Section 1605.2, EQN: 16-5
U=0.9D +1.0W+1.6H CBC Section 1605.2, EQN: 16-6
U=0.9D+1.0E+1.6H CBC Section 1605.2, EQN: 16-7

Design Methods

The Ultimate Stress Design (USD) method would be used for design of reinforced concrete structures
including walls, slabs, beams, columns and foundations. Concrete liquid containing structures must use
1.3 durability factor in accordance with ACI 350. The ASD method would be used for the design of steel
and masonry structures. The foundations for all structures would use the actual unfactored loads and
the ASD method for sizing footings, slab on grade, and concrete mat foundations.

Deflection Criteria

The maximum allowable deflection for elevated slabs and beams would be as follows:

Live Load (L) only L/360
Total Load (D+L) L/240
Concrete Roof (L) L/240
Concrete Roof Deck (D+L) L/180

Material Properties

The materials considered for structural design with respective properties are indicated in Table 5-35.

69



Preliminary Design Technical Memorandum

Table 5-35 Structural Material Properties

Material Reference
Reinforced Concrete
Shotcrete 4,000 psi
Compressive Strength flc=4000 psi
Reinforcing Steel ASTM A615, Grade 60
Carbon Fiber Composite
Tensile Strength 121,000 psi
Tensile Modulus 11.9x10° psi
Flexural Strength 15,200 psi
Flexural Modulus 384,200 psi
Epoxy for Crack Repairs
Compressive Strength 10,000 psi
Compressive Modulus 200,000 psi
Tensile Strength, 7 days 7,000 psi
Bond Strength, 2 days 2,000 psi
Flexural Strength, 14 days 14,000 psi

Allowable Loads

For concrete USD, the factored design loads would cause bending moment, shear and axial loads in
membranes which must be less than or equal to the strength reduction factor (D) times the member
capabilities, as determined per Chapter 9.3 of ASCE 7-10.

For loading combinations including wind (W) or earthquake (E) design loads, the allowable could be
increased by 33 percent to account for the short-term duration of these loads as allowed in 2013 CBC.

Foundation Design Criteria
Foundation design would be acceptable provided it meets the entire acceptance criteria specified in

Table 5-36.

Table 5-36 Acceptance Criteria for Structural Designs

Criterion Value

Maximum allowable soil pressure Normal D,L,F,H loading for

slab/mat foundation combinations 2,500 psf

Wind or Seismic loading

combinations only 3,333 psf
Minimum factor of safety for normal (D,L,F,H) loading against buoyancy
uplift, sliding, and overturning 1.5
Loading combinations for Sliding E-1.1;, W-1.5
earthquake (E) or wind (W) Overturning E-1.1; W-1.5
Sliding resistance; soil against concrete friction coefficient 0.35
No net uplift is allowed on any portion of the foundation.
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Special Inspection

Special inspections would be provided by Contractor and Construction Manager in accordance with CBC
Chapter 17 for the following constructions:

e (Cast-in-place concrete, except concrete with a compressive strength (f'c) of less than 2,500 psi
or site-work concrete.

e Placement of concrete reinforcing steel.

e Earthwork including excavations, backfill compaction and grading.

e Where required by the respective International code Council Evaluation Service (ICC-ES)
evaluation report, special inspection would be required for mechanical couplers, expansion
anchors, and adhesive anchors. Expansion anchor and adhesive anchors would be ICC-ES
approved and would be designed based on ICC-ES allowable loads.

Concrete masonry structures, with the assumption that full stresses were used in the design.

5.11 Project Electrical and Controls Design

The design approach for the electrical and controls at SMCUP plan is provided below.

Electric Service

The WTP will have an SDG&E service separate from the adjacent WWTP. There is an existing SDG&E
service that feeds a storage building next to the new WTP site that can be utilized for power. SDG&E
will provide a service order to be used by the Contractor to implement the new service. A new 480 volt,
3-phase service meter switchboard with surge suppression will be installed next to the RO Building in a
NEMA 3R enclosure. The service will be rated for 3,000A. Included with the meter switchboard will be a
Manual Transfer Switch with lugs for connecting a portable emergency generator. The site fence must
have a SDG&E padlock to allow meter reading access. The 3,000 amp switchboard will have a load of
approximately 2,200 amps with all loads running.

Motor Control Center (MCC)

The MCC will be located in the RO Building Electrical Room. The MCC will power the RO system and
associate pumps. It will also include product water pumps (motor starters, VFD’s, circuit breakers), and
its ancillary equipment (chemicals, CIP, etc.). There will be an active harmonic filters to mitigate VFD
generated harmonics and meet IEEE 519. It will also contain a 120/240 volt panelboard for site lights,
controls, fans, etc. and be equipped with a Power Monitor system.

Controls

The Plant will be equipped with a Main PLC Panel (CP-1). This will be the panel that supplies information
to the SCADA system for operators to control and monitor the plant’s operation onsite and remotely.
The RO system will be equipped with its own Control Panel that will monitor and control the RO system
and it ancillary systems. This PLC will be provided by the RO supplier. The Control Panels will be
connected together with an Ethernet network. The Operator Workstations and the SCADA server will
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also be on this network. The Plant SCADA will communicate with the District SCADA Central. The Gheen
Reservoir site will communicate by the District’s radio network. SCADA software, PLC’s and radios will
be based on District standards.

5.12 Future Plant Expansion

Space will be left on the plant site for several additional IM and RO components for the contingency that
the base flow to the plant increases and or that additional treatment provisions are needed (the
maximum flow is not expected to increase). Space will be reserved for the following:

IM reaction tank preceding the current IM vessels, of the same size as the IM vessels,
Sixth IM vessel to allow for lower filtration rates while backwashing at the maximum flow,
High-rate clarifier backwash recovery system, related flow equalization tank and pump.
Fourth RO train. Space within the currently designed RO building is available.
Decarbonator to reduced long term caustic usage costs.

uhwnN e

5.13 Plant Shutdown, Mothballing, and Startup Design Features

Since the SMCUP plant will be shut down and started up once a year or even possibly mothballed for a
period of several years, special features within the design will assist the District with preparing for these
events and executing related procedures. Below are some initial items and features that have been or
will be considered in the final design.

5.13.1 Steel and Concrete Tanks

During period of extend shut down the tanks will be drained and left empty. Inspection prior to start up
will be performed. To assist with these efforts the design will:

e Utilize floor sumps or bottom penetrations outlet piping to minimize standing water in the tank,
providing more water processed prior to opening the tank for shutdown.

e Utilize enlarged, 30 or 36 inch diameter, manholes to facilitate tank entrance and provide
manhole davit supports.

e Provide two manhole entrances per tank.

e Include enlarged ventilation openings to facilitate ventilation considering permanent forced
ventilation to minimize labor and time during the shutdown process.

e Provide external drains or blow-offs to facilitate drainage to the sewer to minimize surface
drainage or the use of vacuum trucks.

e Provide provisions for draining the EQ tank through the outlet piping including a downstream
blow-off to drain to stormwater basin.

5.13.2 Pumps and Piping

Strategically locate drains and flushing connections. Configure plant process water system layout to
facilitate temporary connections to flushing points. Provide sewer drains adjacent to pipe and pump
drains. Specifically provide:

e Avalve to by-pass the equalization tank which will facilitate flushing of the inlet and outlet lines
before placing the tank in service.
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e Provide for a connection from the RO feed pumps to the RO by-pass line to assist with lowing
the level in the RO feed tank in preparation for long period shutdowns.

5.13.3 IM Vessels

The IM vessels have specific procedures to be followed in preparation for long period shutdown. To
assist with these efforts the design will:

e Provide for gravity drainage. .

e Utilize enlarged and easy to open manholes to facilitate vessel entrance and sanitizing.

e Provide four manhole entrances per vessel (two per cell) with permanent ladder or platform
access.

e Provide filter-to-waste facilitate vessel performance evaluations as part of the startup
procedure.

e Include local provisions for sanitizing the filter media by applying 10 gallons of 15% Sodium
Hypochlorite for every 100 cubic feet of media.

e Consider internal sanitation piping.

e Include local provisions for reconditioning the media.

5.13.4 RO Facility

The RO membranes have to be protected for long period shutdowns. To assist with these efforts the
design will:

e Provide for gravity drainage flowing to the sewer to minimize drainage to the surrounding area
including RO vessels and CIP system components.

e Provide features for creating a sodium bisulfite solution to be circulated through the RO
membranes and isolation. The Sodium bisulfite solution for RO membrane element storage are
diluted to a 2 percent solution in the CIP tank.
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6.0 DISTRIBUTION SYSTEM UPGRADES

6.1 Design Standards and Criteria
The design of new pipelines will conform to District standards (i.e., FPUD Standard Specifications —
Design Manual and Specifications), District preferences, and American Water Works Association
(AWWA) guidelines and standards.
6.1.1 FPUD Standard Specifications
Pipeline design and materials will conform to the following District design criteria:

e Pipeline material shall be cement mortar lined and coated (CML&C) steel pipe.

e Cement mortar lining is a minimum of 3/8-inch thick and cement mortar coating is a minimum
of %-inch thick for buried pipe per District Standard Specifications Section 15076 and AWWA
C205).

e CML&C pipe shall be welded joints and shall conform to AWWA C200.

e Pipelines shall have design cover of 3 feet minimum to 3.5 feet maximum. Additional cover may
be required at existing utility crossings.

e Air release valves and blow offs will be installed at high and low points in the pipeline profile,
respectively.

e FPUD STD Drawings for distribution work.

6.1.2 American Water Works Standards

Pipeline design shall conform to the requirements of the California Water Works Standards, Title 22,
California Code of Regulations, including separation distance from non-potable fluid pipelines, and the
guidelines contained in the following AWWA manuals (as applicable):

e Manual M23, PVC Pipe —Design and Installation,
e Manual M11, Steel Pipe — A guide for Design and Installation,
e Manual M41, Ductile-Iron Pipe and Fittings, 3rd Ed.

6.1.3 Thickness Design of Steel Pipe

The design of steel pipe wall thickness will consider dead and live loads on the steel cylinder. Pipe
deflection will be evaluated in accordance with AWWA Manual M11 with deflection criterion of
approximately two percent to reduce the potential for cracking the cement mortar linings.

The design of steel pipe wall thickness will also consider transient pressures which will be evaluated
during final design. The construction of surge control facilities is anticipated at the proposed Water
Treatment Plant and at the Gheen Pump Station.

6.1.4 Isolation Valves

New valves will be installed at all branches at new tees or cross connections and where new pipelines
will connect to existing tees or crosses. District standards for valve spacing are as follows:
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The maximum spacing between valves on distribution lines shall be 750 feet in residential areas
and 500 feet in all other areas.

The maximum spacing between valves on transmission lines (generally 16” and larger) shall be
1,000 feet.

Isolation valves on the new 24-inch transmission main are proposed at the following locations:

Alturas Street / Merida Drive

Merida Drive / S. Hill Avenue
Almond Street

S. Mission Road / Ohearn Road
Palomino Road / Old Stage Road
Palomino Road / Emerald Ridge Road
Palomino Road / Colt Road

Palomino Road / Morro Road

Palomino Road / Farrand Road
Palomino Road / McDonald Road

Valve types shall conform to the FPUD Approved Materials List and is dependent on the working
pressure of the mainline as follows:

6.1.5

Resilient Wedge gate valves will be used where static pressure is less than 150 psi. Valves 12
inches and smaller will conform to AWWA C509 or C515, and valves 14- through 24-inches will
conform to AWWA C509. Coatings will consist of epoxy coating in accordance with AWWA
C550.

Class 250 resilient wedge gate valves will be used where static pressure is between 150 psi and
250 psi.

Butterfly valves may be used on lines 18-inches or larger providing they conform to the San
Diego Water Agencies Standards (WAS) approved materials list and testing procedures.
Butterfly valves will conform to AWWA C504 and coatings will consist of epoxy coating in
accordance with AWWA C550.

Pipe and Fittings

Pipe, fittings and protective coatings shall conform to the following standards:

AWWA C110 - Ductile iron fittings for buried tees, crosses, bends and reducers with flanged or
mechanical joint, depending on the site conditions for connections. Interior lining will be
cement mortar lining with bituminous coating.

AWWA C105 — 10 Polyethylene encasement for buried ductile-iron pipe and fittings
AWWA C200 - Steel pipe for above-ground applications and inside pressure reducing stations.

AWWA C205 - Cement-mortar lining and coating for steel water pipe.
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o AWWA C207 — Steel pipe flanges, dimensions and pressure rating.
e AWWA C208 — Fabricated steel water pipe fittings, dimensions and pressure rating.

e AWWA C210 - Liquid epoxy lining and coating for steel water pipelines.

6.1.6 Thrust Restraint

For new steel pipe, welded joints are recommended for thrust restraint. At valves and fittings, thrust
restraint will be provided by flanged connections or restrained joint fittings.

6.1.7 Pipeline Connections

Connections to existing pipelines are proposed with new couplings, flange adapters or cut-in tees with
provision for thrust restraint on the newly installed pipe at the connection. Pipeline connections using
tapping sleeves are not proposed.

6.1.8 Service Connections

Water service connections to pipelines that are larger than 16-inch diameter require special approval by
the District. This is the case at several locations where space limitations exist or where consolidation of
two separate pipelines of the same pressure zone is desired as follows:
e Private Drive south of Gheen Tank — replacement of an existing 12-inch pipeline with new 24-
inch pipeline
e Palomino Road — replacement of an existing 12-inch pipeline with new 24-inch pipeline

6.2 Hydraulic Basis of Design

The hydraulic design of the pipelines will be based on the results of hydraulic modeling performed by
IEC (see TM 4 in Appendix E). The hydraulic grade lines for the project area are the Gheen 1037 Zone
and the Red Mountain 1137 Zone. Hydrostatic pipeline pressures are summarized in Table 6-1 along the
pipeline alignments based on the estimated centerline of pipe elevations and the zone maximum HGLs.

Table 6-1 Pipeline Maximum Hydrostatic Pressure

Site Max. HGL (ft.) Ground Elev. (ft.) Max. Static Pressure (psi)
WTP 1037 650 168
Alturas Rd. 1037 713 140
Merida Dr./ S. Hill Ave. 1037 699 146
Almond St. 1037 644 170
S. Mission Rd. 1037 635 174
Palomino Rd. 1037 639 172
Gumtree PRV 1037/1137 931 46/89
Gheen Tank Site 1037/1137 998 16/60
E. Mission Rd. 1137 972 71
Fallen Leaf Ln. 1137 906 99
Lorelei Ln. 1137 815 138
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Pipeline sizing will conform to the District’s velocity criteria of 5 feet/second for peak hour and 10 fps for
maximum day plus fire flow as discussed in the aforementioned appendix.

6.3 Gheen Zone

6.3.1 Proposed Pipelines

New pipelines will consist of the following (refer to Figures 6-1 and 6-2 and the 30% drawings in
Appendix A:

e Approximately 8,500 If of new 24-inch cement mortar lined and coated (CML&C) steel pipeline
from the proposed Water Treatment Plant to the intersection of Palomino Road and McDonald
Road (Palomino Road corridor pipeline).

e Approximately 100 If of CML&C steel pipeline upsizing (12-inch to 20-inch) in Gum Tree Lane.

The majority of the pipeline alignment is within public right-of-way. However, in Palomino Road from
Emerald Ridge Road to Morro Road, the alignment is located within District easements.

Design and construction considerations for the new pipeline are summarized below and are discussed in
greater detail in Chapter Section 9.0:

e The new 24-inch Palomino Corridor Pipeline will be constructed parallel to the existing
distribution pipelines except along Palomino Road from S. Mission Road to McDonald Road. In
this section of the alignment, the new 24-inch pipeline will replace the existing 12-inch
distribution pipe. The existing water service connections will be transferred to the new 24-inch
transmission main in accordance with District preference.

e The presence of numerous existing utilities (sewer, water, gas, and telecommunications) in
Merida Drive, S. Hill Road, and Palomino Road will result in less than 10 feet of horizontal
separation from non-potable fluid pipelines and are expected to require a variance to the
California Water Works Standards. The variance request will be submitted to the California
Division of Drinking Water upon concurrence of the pipeline alignments presented herein. Refer
to the 30% design drawings in Appendix A.

e The new 24-inch pipeline will have points of connection to the existing distribution system as
follows:

o Existing 8-inch pipeline within Alturas Road
o Existing 12-inch pipeline within S. Hill Avenue
o Existing 12-inch pipeline within S. Mission Road
o Existing 20-inch pipeline within McDonald Road.
e Permits for construction will be required from the County of San Diego (refer to Section 6.6).

e District easements exist along Palomino Road from Old Stage Road to Morro Road and are
shown on the preliminary drawings.
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6.4

Red Mountain Zone

6.4.1 Proposed Pipelines

New pipelines will consist of the following (refer to Figure 6-2 and 30% design drawing found in
Appendix A):

Approximately 2,000 If of new 24-inch pipeline along E. Mission Road, Fallen Leaf Lane, and
Lorelei Lane. This pipeline will provide conveyance from the new Gheen Pump Station to the
existing transmission main along M and R Ranch Road thereby providing the desired redundancy
to the Red Mountain Zone.

Approximately 700 If of new 24-inch pipeline between the Gheen Tank site and Gum Tree Lane.
The existing 12-inch pipeline will be replaced (consolidated) with the new 24-inch pipeline.

Design and construction considerations for the new pipeline include the following:

6.5

6.5.1

The new pipeline will be constructed parallel to the existing distribution pipelines Permits for
construction will be required from the County of San Diego (refer to Section 6.6).

District easements are located on Fallen Leaf Lane and Lorelei Lane.
Right-of-Way and Easements

Existing Easements

Existing easements are identified along the pipeline corridors as follows:

Private road easement — Palomino Road, from Emerald Ridge Road to Morro Road;
Fallen Leaf Lane, north of East Mission Road — 30-foot wide District utility easement;

Lorelei Lane — 20-foot District easement over the westerly properties and a 15-foot easement

over the easterly properties except for a 250 foot section north of the intersection with Fallen
Leaf Lane.

The proposed pipeline alighnments outside of these areas are located within public right-of-way or
District property.

6.5.2

Easement Requirements

The existing easements located at the following locations are assumed to allow for the construction of
the proposed pipelines (to be confirmed):

Fallen Leaf Lane, north of East Mission Road — confirm that the entirety of Fallen Leaf Lane lies
within the existing easement;

Lorelei Lane north of Fallen Leaf Lane — confirm that a new pipeline can be constructed within
the existing easements.
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New permanent easements may need to be acquired as follows:
e Palomino Road, generally from Emerald Ridge Road to Morro Road;
e Fallen Leaf Lane, north of existing utility easement

e Lorelei Lane, southerly 250 feet.

6.6 Agency Coordination and Permit Requirements

The project will require coordination with the San Diego County Department of Public Works and the
North County Fire Protection District. The requirements for coordination and permit processing are
described below.

6.6.1 County of San Diego, Department of Public Works

Both the Gheen Zone pipelines and Red Mountain Zone pipelines are located within unincorporated San
Diego County. The sites are mostly under the purview of the Department of Public Works. The
following permit will apply:

Excavation and Traffic Control Permits

The project is expected to require Excavation Permits and Traffic Control Permits for work within County
right-of-way. These requirements will be defined in the contract documents as a requirement of the
Contractor.

The County’s “Pavement Cut Policy” limits trenching on new and newly resurfaced publicly maintain
roads for a 3-year period following pavement treatment, defined as asphalt concrete surfacing, chip
seals, or slurry seals. The project may be subject to this policy and restoration of pavements beyond the
trench paving limits or with asphalt concrete overlays may be required. This determination will be made
upon submittal of preliminary drawings to the County and, if applicable, a request for a waiver of the
moratorium will be made. If a waiver is granted by the County, a betterment of the existing pavement
may be required (i.e., pavement overlay or sealing) along portions of the pipe alignment.

6.6.2 Special Districts

North County Fire Protection District

The project will include a utility conflict check submittal upon development of the preliminary
construction plans to identify any special requirements for NCFPD facilities that may be affected by the
project. Typical requirements may include the installation or relocation of fire hydrants.

County of San Diego Parks

The County of San Diego Planning Department’s website was reviewed for designated public access or
equestrian trails adjacent to the proposed work sites (http://sdcounty.maps.arcgis.com/home/). South
Mission Road and East Mission Road are designated trails and South Hill Avenue is a proposed trail
based on County of San Diego Parks Regional Trails or County Park Trails maps. The project design will
consider appropriate setbacks or design features for appurtenances and station access hatches or
manholes that do not create obstructions in existing parkway areas.
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6.6.3 San Diego Gas & Electric

The new pipelines are anticipated to cross or parallel existing SDG&E overhead distribution and
transmission lines. In particular, pipeline construction along Palomino Road will be located in close
proximity to the existing, parallel overhead electric line.

The requirements for setbacks from SDGE overhead electric utilities, or their easements, if any, is
currently being investigated and will be confirmed at the onset of final design.

6.6.4 California Division of Drinking Water

Pipeline design will adhere to the minimum pipeline separation requirements of Title 22, California Code
of Regulations, Division 4, Chapter 16, California Waterworks Standards which are regulated by the
California Division of Drinking Water (formerly, Department of Public Health).

In areas where the minimum horizontal or vertical separation distances between potable and non-
potable fluid pipelines stipulated in the regulations cannot be met, a variance will be requested. This
will require submitting plans and a letter request with justification for the variance. Based on the
preliminary pipeline drawings, a variance request is anticipated at the following locations:

e Alturas Road
e Merida Drive
e S Hill Avenue

e Palomino Road
6.7 Storm Water Compliance

6.7.1 Construction General Permit (State-wide)

Projects that have a disturbed exceeding one acre are subject to the Construction General Permit (CGP),
Order No. 2012-0006-DWQ, NPDES No. CAS000002 and the preparation and filing of Permit Registration
Documents (PRDs) via the State Waterboard’s website. This pertains to traditional construction sites
and linear underground/ overhead (LUP) projects. The PRDs consist of:

e Notice of Intent

e Risk Assessment

e Site Map

e Stormwater Pollution Prevention Plan (SWPPP)

e Annual Fee

e Certification
Exemptions exist for certain types of construction activity. For this project, the exemption criterion
applies to maintenance projects which include the updating of existing facilities to comply with
applicable codes, standards, and regulations regardless if such projects result in increased capacity (CGP

Fact Sheet Section 11,C.2.a). The portions of the project for which this exemption is deemed to apply are
as follows:

e Alturas Road
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e Merida Drive
e SHill Avenue
e Palomino Road
e Fallen Leaf Ln
e Lorelailn

e East Mission Road

Portions of the project that are not subject to an exemption include the proposed Water Treatment
Plant site (3.5 acres) and the proposed Gheen Pump Station (1.1 acres) and compliance with the CGP will
be required for these areas.

Since portions of the proposed pipeline are not considered to be exempt from the CGP, the preparation
of one or two SWPPPs may be considered for the project for the following reasons:

e The proposed Water Treatment Plant site may be subject to post-construction standards
defined in Section XllIl of the CGP. These generally pertain to the reduction of water quality
impacts. The application for termination of coverage under the CGP requires that “final
stabilization” of the site be achieved.

e A separate SWPPP for the pipeline segment will allow for the application for termination of
coverage independently of the status of construction at the proposed Water Treatment Plant
site or the status of the application for termination of coverage for the WTP site.

e A separate SWPPP for the pipeline segment is anticipated to require less monitoring and
reporting during construction because it is considered a linear underground/overhead (LUP)
project.

e If the potential for having more than one contractor for the entire project is anticipated, the risk
associated with stormwater compliance at either the WTP site or the pipeline sites can be better
managed by the District.

6.7.2 County of San Diego

The County’s Stormwater Standards Manual will apply to construction activities and standard BMPs will
be required. Minimum performance standards to control pollution from any operations falling under a
County permit are:

e Installation and maintenance of BMPs to prevent construction pollutants from contacting storm
water and with the intent of keeping products of erosion from moving off site into receiving
waters.

e No discharges of pollutants (including sediment) from the site.

Every permittee is responsible and required to meet these performance standards and to certify that
selected BMPs will be installed, monitored, maintained or revised as appropriate to ensure
effectiveness. BMPs must be installed in accordance with industry recommended standards (e.g.
Caltrans or California Stormwater BMP handbooks, etc). Storm water BMPs will be identified in the
contract documents as a contractor responsibility.
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7.0 GHEEN FACILITIES

7.1 Introduction

This section provides design criteria and recommendations for the design of the new Gheen pump
station (PS) and Gheen storage tank.

The existing 6 MG reservoir at the site has recently undergone a major maintenance effort and is now in
excellent condition. The old 1 MG Martin Reservoir reached the end of its useful life and has been out
of service for an extended period. It will be demolished as part of this project (See Drawing D-2 of the
30% design drawings in Appendix A). As identified in distribution hydraulic study TM-4 addition storage
capacity at the Gheen site is warranted. The recommendation is to provide for the maximum additional
capacity that can fit on the site, 4 MG, be constructed.

Specific design criteria, equipment selection, and description of the preliminary design are presented for
both the pump station and the new storage tank and presented on the pages following.

7.2 Gheen Facilities Pump Station

7.2.1 Pumping Rates & Operating Head Conditions

At certain times following a year of significant rain fall, when the SMCUP plant is in operation, the Gheen
Reservoir tank will receive the differential between the Camp Pendleton Delivery and the Gheen Zone
demand. This is the case even with no other water supply entering the Gheen zone from other zones or
SDCWA connections. In February with a maximum 6.9 mgd plant production, less 1.5 mgd (0.52
minimum flow factor times the average 2.9 mgd) of Gheen zone demand, 5.4 MGD be pumped from the
Gheen service area to the Red Mountain zone. With an additional allowance for reduced demand due to
rain, flow to the Red Mountain zone could approach the capacity of the plant. The design of the pump
station will accommodate a maximum of 8 MGD.

The system curves shown in Figure 8 of TM 4 have been reproduced in Figure 7-3 (below) as the upper
and lower possible system curves. These two curves represent the upper and lower boundary of 6
curves that were analyzed as part of the hydraulic model (TM 4), and they are representative of dynamic
losses for the following discharge pipeline configurations:

e North to Kauffman PRS
e South to Gumtree PRS
e Both North and South

Since the upper and lower possible curves are comprehensive, they provide a very broad range of static
head conditions. For this reason, Figure 7-3 also shows upper and lower probable system curves that
better fit the expected operating conditions of the system. These conditions are summarized in the
following Table 7-1.
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Table 7-1 Summary of Gheen Pump Station Probable HGL Operating Conditions

Water
. HGL Static Head
FPUD Zones EIeB\/z;i?on Heights
Max Min Max Min Max Min
Gh Sucti 998 27 14 1025 | 1012
een (Suction) 113 50
Red Mtn (Discharge) 1050 75 25 1125 | 1075

Note: all values are in feet.

7.2.2 Pump Type and Configuration

Pump and driver selection considerations include the type and number of pumping units, the individual
pump capacity (head and flow), multiple sizes of pumps, and operational flexibility to meet the water
demands under the different operating conditions.

The preliminary layout of the new Gheen Pump Station is shown on M-1 of the 30% drawings. The
proposed pump station consists of two can-mounted, vertical turbines pumps of the same capacity with
VFD drives. This configuration was chosen based on the following:

e Vertical turbine pumps (VTP) have a smaller footprint of similarly capacity horizontal
pump/motor combinations, thus reducing the size and construction costs of the pump station
building.

e Vertical turbine pumps maintain better suction when connected to above ground tanks than
grade mounted horizontal pumps. The VTP’s extend below grade which effectively increases the
suction pressure to the pumps.

¢ One 4 mgd pump satisfies the flow requirements under most conditions, but to meet the
extended conditions, and with the added benefit of providing backup, a two pump configuration
has been incorporated into the design.

e Two pumps of the same size minimize storing additional spare parts for the pumps and
associated suction and discharge piping.

e VFD drives minimize water level fluctuations in the Gheen tank(s) and thus the varying service
pressure customers in the Gheen zone would otherwise experience.

7.2.3 Pump Selection Criteria and Performance

Based on considerations presented above, along with discussions with FPUD staff, two equally sized
pumps each rated at 2800 gpm (4 mgd) for a total capacity of 5600 gpm (8 mgd) should be used. The
range between the maximum pumping head-flow condition and the minimum pumping head-flow
condition has been evaluated.

A Flowserve two-stage pump with a 200-horsepower (HP) motor meets the criteria. The length of the
bowl assembly is estimated at 4 feet, and the length of the suction can is estimated at 12 feet (below
the pump head mounting surface). Pump efficiency is about 83 percent at rated speed (1775 rpm) and a
design flow of 2800 gpm (per pump).

Figure 7-3 below shows the operating envelope of one pump operating, and a second operating
envelope with two pumps in parallel at various speeds. In combination the expected range of flows and
heads is well accommodated. For the operating conditions within the anticipated range of flows, the
pump efficiencies are good (above 70 percent).
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Figure 7-3 also indicates that with VFD drives the pumps will cover all except the lowest flows. This
means that the tank levels can be held constant at a given level set point equating to pressures to
customers being constant over most of the flow range. When plant production exceeds demands by
less than 1,000 gpm one pump should be operated at minimum speed of 890 rpm in an off-on mode,
started and stopped based on levels in the tank(s). At low flows, with two Gheen tanks in operation, the
water level change would be less than three inches per hour. If the control dead band were to be set at
1 foot the pump would only start once in 4 hours under these conditions.

Head (feet)

Figure 7-3 Gheen Pump Station System Curves w/ VFD Operating Envelopes

Flowserve Vertical Turbine Pumps
Type 15EHM (890-1775 RPM, 11.6" Impeller)

UPPER PROBABLE SYSTEM CURVE. SEE NOTE 1.

250
— UPPER POSSIBLE SYSTEM CURVE j\

LOWER POSSIBLE SYSTEM CURVE

LOWER PROBABLE SYSTEM CURVE. SEE NOTE 2.

0 1000 2000 3000 4000 5000 6000 7000 8000

Flowrate (gpm)

Notes:
1. Upper Probable System Curve assummes Red Mountain is 3/4 full, and Gheen tanks are half full.
2. Lower Probable System Curve assumes Red Mountain is 1/4 full, and Gheen tanks are 7/8 full.

Pumps of similar configuration are available from numerous manufacturers, and the specifications will
require that the pumps meet the material and performance objectives for the project.

7.2.4 Suction and Discharge Piping

The

pump station suction and discharge piping are sized using the standards set forth by the Hydraulics

Institute (HI). Table 7-2 summarizes the recommended pipe sizes based on hydraulic design parameters.
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Table 7-2 Gheen Pumps Suction and Discharge Pipe Sizing

Item DIA,in | V,fps | Q, gpm H.l. Recommendation
Suction Header 20 5.7 5600 | 8 fps max
Pump Suction 20 2.8 2800 | 4 fps max
Pump Discharge - Option 1 10 11.4 2800 .
- - Sized per pump MFGR
Pump Discharge - Option 2 12 7.9 2800

In addition to these requirements, Hl indicates that the length of the suction piping upstream of the
pump can be at least five pipe diameters.

Pump suction pressure is proposed to be monitored via a low pressure water probe installed on the
suction header.

7.2.5 Pump Station Layout/Features and Flow Metering
Pump station site features include the following (See C-14 Gheen Site Plan and Yard Piping):

e Vehicle access around the pump station and existing storage tank
¢ Sheet flow drainage across pavement to existing storm drain

e Tree removal

e Grading

Pump station features include the following (See GFM-1 and 2, Gheen Pump Station Plan and Sections):

e Maintenance accessibility

e Separate Electric Room

e Glass window between electric Room and pump room
e Roll up and man door access

e Pump drains and floor sump

A 16” magnetic flow meter has been located inside the pump station building and measure the
anticipated range of flows. Design was based on Sparling meter which only requires 3 pipe diameters up
and downstream from the center of the meter, the pipe layout shown on the pump station layout
(GFM-1) shall accommodate other products that may require additional upstream and downstream
lengths.

7.3 Gheen Facilities 4MG Tank
7.3.1 Proposed Tank and Site Layout

The southern portion of the Gheen site is the most feasible location for the proposed tank see Drawing
C-11 of the 30% drawings in Appendix A. Demolition of the Existing Old Martin Reservoir is required, in
addition to the removal of approximately 45 trees. The earth removal required to level-out the site will
be partially balanced with fill locations on site. Approximate grading quantities—fill, cut and net
export—are summarized on C-14 of the 30% design drawings found in Appendix A.
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Site features include the following (See C-14 Gheen Site Plan and Yard Piping):

¢ Vehicle access around the new storage tank
e Sheet flow drainage

e Tree removal

e Grading

7.3.2 Tank Design Criteria

The following criteria are based on conversations with FPUD, physical site constraints such as
topography and disturbance area, the results of hydraulic modelling (TM 4 in Appendix E) and design
assumptions based on past experience with similar projects.

e Type of Tank: Welded Steel (AWWA D-100)

e Storage Capacity: 4 MG

e Diameter: 130 feet

e High Water Level: 1038 feet

¢ Floor Elevation: 998 feet

e Free Board: 7 feet

e Roof: column-supported cone with radius knuckle
e Total Tank Height: 438 feet

The proposed tank will be designed according to the provisions of ASCE 7.
General Parameters
e Site Class: C

Wind Design Load

e Wind Load Risk Category v
e Wind Speed: 115 miles per hour
e Exposure: C

Seismic Design Load

e 0.2-second period, mapped spectral accel., SS: 1.223 g

. 1-second period, mapped spectral accel., S1: 0.471g

. Short-period site coefficient, Fa: 1.0

e  Long-period site coefficient, Fv: 1.329

e 0.2-second period, Design Earthquake spectral response accel., SDS:  0.815g

e 1-second period, Design Earthquake spectral response accel., SD1: 0.418g

e Earthquake Importance Factor, le: 1.25
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Tank Design
Steel tank structural design criteria consists of the following:

e Design per current AWWA D100 standard

e Roof design live load: 20 pounds per square foot (reducible)

e Tank shall be mechanically anchored to the foundation

e Tank shall be classified as Seismic Use Group (SUG) Il

e Use Ri=2.5and Rc = 1.5 for base shear, overturning moment and hoop shell tension design
e Checking longitudinal tank shell compression stress (wall buckling)

Freeboard will be based on AWWA D100 requirements. 5.0 feet of freeboard is estimated for
preliminary design based on the design of similar steel tanks in California per the current D100 standard.
An alternative design procedure may consist of a lower tank roof (with less freeboard) which is
structurally reinforced to withstand, but not prevent, damage from tank sloshing. This alternative
approach is assumed to be similar in cost to a taller tank, although it is not yet common practice for
steel tanks constructed per current AWWA code in California.

7.4 Electrical and Controls Design

The design approach for the electrical and controls at SMCUP plan is provided below and on drawings E-
4 and E-5 of the 30% design drawings found in Appendix A.

7.4.1 Electric Service

Gheen Reservoir has SDG&E service to the site for the existing District RTU and for a cellular tower.
SDG&E will provide a service order to be used by the Contractor to implement the new service. A new
480 volt, 3-phase service transformer and meter switchboard with surge suppression will be installed on
the site. The transformer will be located near the service pole. The Main Switchboard with meter will
be located next to the Pump Station Building in a NEMA 3R enclosure. The service will be rated for 400A.
Included with the meter switchboard will be a Manual Transfer Switch with lugs for connecting a
portable emergency generator. The site fence must have a SDG&E padlock to allow meter reading
access.

7.4.2 Motor Control Centers (MCC)

The project will have one MCC located in the Pump Station Electrical Room. This MCC will power the
two 200HP pump’s VFD’s. It will also contain a 120/240 volt panelboard for site lights, controls, fans,
etc. The MCC will also have an active harmonic filter to mitigate VFD generated harmonics and meet
IEEE 519. The MCC will be equipped with a Power Monitor that will send a signal to the PLC.

7.4.3 Controls

The Pump Station will be equipped with a PLC Panel (CP-1). This will be the panel that supplies
information to the SCADA system for operators to control and monitor the pump station’s operation
onsite and remotely. The control logic will be located in this PLC for automatic and remote manual
control of the Pump Station. Local control will be done via and OIT mounted on CP-1’s door. The Pump
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Station PLC at Gheen Reservoir will communicate with the District SCADA Central and WTP via the
Districts radio network. OIT, PLC and radio will be based on District standards.
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8.0 PERMITTING

Key permitting elements of the project includes obtain approval from the Division of Drinking Water
(DDW) and potential modifications to the District’s National Point Discharge Elimination System (NPDES)
permit. Commentary on these two elements follow.

8.1 Division of Drinking Water

The design team and FPUD met with the State Water Resources Control Board (SWRCB) Division of
Drinking Water (DDW) on April 2, 2015 to introduce DDW to the project and to discuss the water quality
goals and the preliminary design. DDW staff from both the Orange County district and the San Diego
district participated as MCBCP falls under the purview of the Orange County district, whereas Fallbrook
is located within the San Diego district. During the meeting, DDW staff expressed that they anticipate
that the FPUD domestic water supply permit could be amended to include the SMRCUP water. The new
wells on MCBCP would have to be regulated by the Orange County District. Staff expressed that the
wheeled flow (where treated imported water would be transmitted through FPUD to MCBCP through
the bi-directional pipeline that typically delivers groundwater from MCBCP to the treatment plant) may
need to be disinfected. Staff also expressed some concern about the co-location of the treatment plant
next to the WWTP, but given the distances and terrain separating the two facilities should mitigate
these concerns. DDW staff will review any cross connections between the WTP and the WWTP. Lastly,
new sampling sites may have to be developed for the Stage 2 Disinfectants Disinfection By-product Rule,
as flows through the distribution system will change with this project.

8.2 National Point Discharge Elimination System (NPDES)

The RO concentrate stream of 0.495 MGD (design flow) will be discharged through the WWTP land
outfall, which connects to the Oceanside Ocean Outfall (OO0). The land outfall is subject to a National
Point Discharge Elimination System (NPDES) permit, which would need to be amended to include this
new source of waste water. The Regional Water Quality Control Board (RWQCB), San Diego Region (San
Diego Water Board) should be notified of the new source, so that the permit can be amended to include
the new facility and the new waste discharge.

The water quality of the new source, the RO concentrate, will differ from the WWTP secondary effluent.
Initial modeling of available, albeit limited, data does not predict any NPDES exceedances when
discharging the RO concentrate stream, although copper and beryllium approach the estimated limit.
Any discharged secondary effluent would dilute copper and beryllium concentrations, pushing their
values farther below the anticipated NPDES permit limits.

The RO concentrate will have higher salinity than the WWTP secondary effluent, due to the
concentration of ions. This higher salinity may impact the initial dilution of the combined Oceanside OO
waste waters; however, the impact on the initial dilution is expected to be minimal given the low flow of
the RO concentrate compared to the other waste flows (Oceanside OO NPDES-rate capacity of 29.005
MGD) and the relatively dilute salinity of the stream (approximately 15% of ocean water salinity). Thus,
it is expected that the initial minimum dilution of an amended NPDES permit will not be revised, or that
if it is revised that the change would be negligible.
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A preliminary evaluation of the RO concentrate stream suggests that copper and beryllium may
approach limits in a modified NPDES permit (copper RO concentrate concentration estimated to be 37%
of 6-month NPDES permit limit and 62% of daily maximum limit, and beryllium estimated to be 57% of
daily maximum NPDES limit)’; however, any secondary effluent discharged from the WWTP would dilute
these concentrations. Further, other waste streams in the Oceanside OO could also dilute these
concentrations prior discharge to the ocean.

The above preliminary analysis is limited to constituents for which detectable data is available in the
MCBCP feed water (which will be used to provide feed water to the SMRCUP in the future). Detectable
data is not available for most California Ocean Plan (COP) water quality objectives (which are used to
generate NPDES permits) and thus the relationship of many constituents in the RO concentrate stream
to potential NPDES permit limits is unknown. The MCBCP RO concentrate stream may offer a rich source
of data with respect to NPDES limits, as the water quality should be similar to the SMRCUP RO
concentrate.

The NPDES-permitted FPUD dry weather land outfall flow is 2.7 MGD (May to October) with a wet
weather flow of 3.6 MGD (November through April). At the design SMRCUP WTP flow, where the RO
concentrate flow is 0.495 MGD, the secondary effluent discharged through the land outfall would have
to be less than 2.205 MGD during dry weather and less than 3.105 MGD during wet weather as to not
exceed the NPDES flow limit.

Meeting with CPEN and reviewing their P-113 (AWT) RO concentrate WQ, including ocean plan
monitoring data and relevant RO process data, is recommended to better understand how the SMCUP
RO concentrate will compare to the ocean plan water quality objectives and NPDES permit limits.

7 Using the current initial dilution factor of 87 parts seawater to 1 parts waste water, assuming an RO rejection of 100%, and
using average estimated raw water quality data for the RO feed for the 6-month analysis and estimated maximum raw water
quality data for the RO feed for the daily maximum analysis (see TM 1 for estimated water quality data).
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9.0 CONSTRUCTION CONSIDERATIONS

9.1 Raw Water Pipeline

Raw water will be delivered from the Marine Corps Base Camp Pendleton (MCBCP) well field to the
proposed FPUD Water Treatment Plant via a new pipeline to be designed and constructed by MCBCP.
The point of connection of the new MCBCP pipeline is contemplated at the south end of the proposed
WTP near the proposed flow control facility. The final connection location and schedule for connection
will require coordination with MCBCP.

9.2 Concentrate Discharge Connection at the WRP

Concentrate from the reverse osmosis treatment process will be conveyed via a new pipeline (6-inch to
8-inch estimated diameter) from the WTP RO Building and disposed of at the Water Reclamation Plant
(WRP). The new pipeline has two possible points of connection: 1) overflow at the Chlorine Contact
Tank or 2) overflow at the Applied Water Pump Station, see Drawing C-6 and C-7 of the 30% design
drawings found in Appendix A. The existing overflows from these two locations connect to the existing
Final Effluent Junction Structure which then discharges to the 30-inch Outfall. Connection at either of
these locations is estimated to result in the least amount of disruption to WRP operations.

Alignment opportunities for the discharge pipeline consist of the east side or the west side of the
reclaimed water storage basin:

e East side — the pipeline alignment would generally be situated in the paved, north-south
trending access road. This alignment would have a high point (elevation 680 to 700) west of the
solar field which will require greater pumping head (for the WTP elevation of +/- 650) and may
require pavement restoration if the pipeline is constructed within the paved road section. There
are other existing pipelines (sewer force main, reclaimed water pipeline) along this alignment.

e West side — the pipeline alignment would parallel the existing fence along the westerly property
boundary of the Water Reclamation Plant, then continue to the west embankment of the
reclaimed water and secondary effluent equalization basins. There is a 24-inch reclaimed water
pipeline within this embankment. The topography of this alignment is generally downhill of the
proposed WTP, requiring less head for pumping.

9.3 Waste Washwater Reclamation Tank and Product Water Pump Station

Initial geotechnical information (See Appendix F) indicates that at about 15 feet deep across hard
material is present. Construction of the WWW Reclamation Tank as currently configured slightly
exceeds this depth, and the Product Water Pump Station approach that depth. If rock is present at the
depth of the current design there is not much rock excavation that will have to be performed to
accommodate construction. We will consider further investigative methods and/or make dimensional
adjustments during final design.

9.4 Potable Water Distribution System

9.4.1 Gheen Tank Site

The existing Gheen Zone pipelines at the Gheen Tank site are expected to require alignment
modifications for the construction of the proposed Gheen Pump Station. This work will require isolation
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of the Gheen Tank and Zone pipelines. The Gum Tree PRS and Kaufman PRS are anticipated to supply
the Gheen Zone demand during isolation of the Gheen Tank.

The Red Mountain Zone pipeline at the Gheen Tank site will be replaced as described below.

9.4.2 Red Mountain Zone Pipeline - south of Gheen Tank

Construction of a new 24-inch Red Mountain Zone pipeline from the proposed Gheen Pump Station to
Gum Tree Lane will replace the existing 12-inch pipeline located within the existing private drive. The
private drive serves four properties along this corridor and the water services will require temporary
highlining during construction.

9.4.3 Red Mountain Zone Pipeline - Fallen Leaf Lane and Lorelei Lane

Construction of a new 24-inch Red Mountain Zone pipeline will replace an existing 6-inch pipeline within
this corridor because of limited space for a new pipeline. The new 24-inch pipeline will parallel the
existing 20-inch Gheen Zone pipeline. There are approximately five water services in Lorelei Lane that
will require temporary highlining along this reach; four are connected to the Red Mountain Zone 6-inch
pipeline and one is connected to the Gheen Zone pipeline.

9.4.4 New 24-Inch Pipeline - WTP to McDonald Road

From Alturas Road to S. Mission Road, the new 24-inch pipeline will parallel the existing distribution
system pipelines. There will be new connections to the existing distribution system at Alturas Road and
S. Hill Avenue associated with the construction of the new Gheen Zone pipeline. These may be
accomplished with new pipe segments connecting the existing distribution pipelines to new valves at
tees or crosses installed on the new 24-inch pipeline.

Along Palomino Road, from S. Mission Road to McDonald Road, the existing distribution pipeline will be
replaced (consolidated) with a new 24-inch pipeline. In a few locations, the existing 12-inch water main
will be abandoned in place because of the presence of dry utilities (telephone and natural gas) which
have been constructed over the existing water main or in close proximity to it. A construction phasing
plan will be developed during final design which will consider the locations of existing isolation valves
and distribution system redundancy in order to identify temporary highlining requirements for the
eastern portion of the Palomino Road corridor. The project will provide an opportunity to replace
existing (old) distribution valve assemblies with new valve assemblies along this reach.

9.5 Traffic Considerations

Special consideration for traffic is warranted along segments of E. Mission Road (north of Gheen Tank)
and S. Mission Road (between Almond Street and Palomino Road) where new pipeline construction will
occur within prime arterial streets. The pipeline alignments will be designed to reduce traffic impacts as
follows:

e E. Mission Road: existing 20-Inch Gheen Zone and 6-inch Red Mountain Zone pipelines are
situated in the eastbound and westbound lanes, respectively. The new 24-inch Red Mountain
Zone pipeline alignment design will strive to place the new pipe alignment such that only one
lane of traffic is impacted. Because of high traffic volumes, night work should be considered to
reduce traffic impacts and to allow for a more productive rate of construction at this location.
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Work in Mission Road will be staged to allow for 1 lane of traffic to be open at all times. The use
of flaggers will likely be needed to control the 2-way traffic;

e S. Mission Road: the new pipeline alighnment will be designed as near to the east curb of S.
Mission Road as possible, leaving the lane nearest the median open for traffic.

The remaining streets in which construction will occur consist predominantly of residential streets with
available parallel routes that may serve as traffic detours.
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10.0 PROJECT CONSTRUCTION COSTS

The construction cost of the project is based on the 30% design drawings found in Appendix A. It
assumes the project will be constructed by June 2018 with the construction midpoint of June 2017.

Table 10-1 displays the construction costs, which include mobilization, overhead and profit and bonds.
The construction contingency costs of 30% are allocated among the project features.

Table 10-1 Project Construction Costs? 2

Project Element Construction Costs
Fallbrook Water Treatment Plant (WTP) $27,728,000
WTP Connect and Distribution Sys Improvements $ 5,497,000
Gheen Pump Station and Red Mtn. Zone Improvement $ 4,195,000
Total Construction Cost $37,420,000
Optional Bid 4 MG Tank at the Gheen Site $ 5,656,000
Optional Bid Red Mtn. Zone Pipeline N. of Gheen Site $1,110,000
Subtotal Optional Bid Items $ 6,766,000
Total Construction Costs w/ Bid Options (2015 Dollars) $44,186,000
Total Project Cost with 3.0% Inflation to June 2017 $46,877,000

1. Costs have been rounded to the nearest thousand.
2 The construction period is estimated to be 2 years. Based on this construction schedule, costs have been calculated using the

compound interest method to the midpoint of construction using an interest rate of 3.0 percent.

Detailed costs are provided in Appendix K. The cost presented is a Class 3 Association for the
Advancement of Cost Estimating (AACE) estimate reflecting and accuracy range of +40% to -20%.
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EXIST WATER — v BASIS OF BEARINGS/COORDINATES
EXIST STORM DRAIN - — — sp—— ——
EXIST SEWER e THE BASIS OF BEARINGS FOR THIS PROJECT IS THE INVERSE OF THE CCS83, ZONE 6,
1991.35 EPOCH ADJUSTMENT COORDINATES OF THE FOLLOWING SURVEY CONTROL
MONUMENTS:
EXIST UNDERGROUND ELECTRIC - E
DECLARATION OF RESPONSIBLE IN CHARGE
EXIST DRAIN S COUNTY OF SAN DIEGO SURVEY RECORDS SYSTEM STATION R1835 302-98.76:
| HEREBY DECLARE THAT THE DESIGN OF THE IMPROVEMENTS AS SHOWN ON A STREET MONUMENT IN THE LEFT TURN LANE FROM SOUTHBOUND MISSION ROAD TO
EXIST OVERHEAD UTILITIES OH THESE PLANS COMPLIES WITH PROFESSIONAL ENGINEERING STANDARDS AND EAST CLEMMENS LANE
PRACTICES. AS THE ENGINEER IN RESPONSIBLE CHARGE OF THE DESIGN OF NORTHING = 2079531.60 FEET
EXIST HORIZONTAL CONTROL POINT @ THESE IMPROVEMENTS, | ASSUME FULL RESPONSIBLE CHARGE FOR SUCH EASTING = 6256036.24 FEET
DESIGN. | UNDERSTAND AND ACKNOWLEDGE THAT THE PLAN CHECK OF THESE
EXIST MANHOLE @ PLANS BY THE FPUD IS A REVIEW FOR THE LIMITED PURPOSE OF ENSURING THE A STREET MONUMENT IN THE CENTER OF MISSION ROAD AT THE INTERSECTION WITH
PLANS COMPLY WITH DISTRICT PROCEDURES AND OTHER APPLICABLE POLICIES ALMOND STREET
EXIST GONG THRUST BLOCK AND ORDINANCES. THE PLAN CHECK IS NOT A DETERMINATION OF THE NORTHING = 2078334.101
TECHNICAL ADEQUACY OF THE DESIGN OF THE IMPROVEMENTS. SUCH PLAN EASTING = 6256390.599
EXIST POWER POLE ® CHECK DOES NOT, THEREFORE, RELIEVE ME OF MY RESPONSIBILITY FOR THE
DESIGN OF THESE IMPROVEMENTS. AS ENGINEER OF WORK, | AGREE TO THE INVERSE IS NORTH 16°29'04” WEST 1248.83 FEET.
EXIST GUY ANCHOR % INDEMNIFY AND SAVE THE FPUD, ITS OFFICERS, AGENTS AND EMPLOYEES
HARMLESS FROM ANY AND ALL LIABILITY, CLAIMS, DAMAGES OR INJURIES TO
ANY PERSON OR PROPERTY WHICH MIGHT ARISE FROM THE NEGLIGENT ACTS,
EXIST FIRE HYDRANT ped ERRORS OR OMISSIONS OF THE ENGINEER OF WORK, MY EMPLOYEES, MY BENCH MARK
EXIST BOLLARD ® EMPLOYEES AGENTS OR CONSULTANTS. SAN DIEGO COUNTY 3” BRASS DISC STAMPED “SD CO SLR 08 2012 SET IN THE TOP OF A
STORM DRAIN INLET AT THE NORTHEAST CORNER OF THE INTERSECTION OF PALOMINO
EXIST BUTTERFLY VALVE D STREET AND OLD STAGE ROAD
ELEVATION = 639.89 NGVD29
EXIST VALVE ® ENGINEER DATE
R.C.E. CXXXXXX EXPIRES XX-XX-XX
EXIST AIR & VACUUM RELIEF VALVE n
B-1
GEOTECHNICAL BORING 2 )
SCALE
N DESCRIPTION DATE | APPROVED | o Infrastruct D 990 E. MISSION RD SANTA MARGARITA CONJUNCTIVE USE ™™ ¢
PME 1012015 n ‘ ras rUC U re iR FALLBROOK, CA 92028 G-3
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10.
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12.

13.
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GENERAL NOTES

IT IS THE CONTRACTOR'S RESPONSIBILITY TO NOTIFY UNDERGROUND
SERVICE ALERT AT 1 800-422-4122 A MINIMUM OF 48 HOURS PRIOR TO
START OF CONSTRUCTION.

THE CONTRACTOR SHALL NOTIFY THE DISTRICT ENGINEER AT LEAST (5)
DAYS PRIOR TO STARTING WORK, SO THAT INSPECTION MAY BE
PROVIDED. TELEPHONE NO. (760) 728-1125.

SEPARATION REQUIREMENTS BETWEEN WATER AND NON-POTABLE FLUID
LINES SHALL CONFORM TO CALIFORNIA DEPARTMENT OF PUBLIC HEALTH
(CDPH) "WATER WORKS STANDARDS".

ALL WORK SHALL BE IN ACCORDANCE WITH THE MOST RECENT EDITIONS
OF THE CALIFORNIA OCCUPATIONAL AND HEALTH ADMINISTRATION
(CAL-OSHA) - CALIFORNIA CODE OF REGULATIONS (CCR) TITLE 8,
STANDARD SPECIFICATIONS FOR PUBLIC WORKS CONSTRUCTION, WITH
SUPPLEMENTS (APWA SPECIFICATIONS), THE SAN DIEGO REGIONAL
STANDARD DRAWINGS AND FPUD STANDARDS MANUAL.

CONTRACTOR SHALL POTHOLE AND FIELD VERIFY ALL EXISTING
UTILITIES THAT ARE CROSSING THE NEW PIPELINE AND AT
CONNECTIONS. POTHOLING AND FIELD VERIFICATION SHALL BE DONE
SUFFICIENTLY AHEAD OF THE CONTRACTOR'S PIPE SUBMITTAL TO
ALLOW TIME FOR DESIGN REVISIONS IF NECESSARY. IF THE
CONTRACTOR FAILS TO POTHOLE AND NOTIFY THE DISTRICT IN
ADVANCE, ALL COSTS ASSOCIATED WITH CHANGES SHALL BE BORNE BY
THE CONTRACTOR.

PRIOR TO CONSTRUCTION OF THE WATER AND/OR SEWER LINES, THE
CONTRACTOR SHALL EXPOSE THE EXISTING WATER AND/OR SEWER
LINES WHERE CONNECTIONS WILL OCCUR AND VERIFY THEIR ELEVATION
AND LOCATION. NO CONNECTION SHALL BE DONE WITHOUT DISTRICT
STAFF PRESENT AND APPROVAL BY THE DISTRICT ENGINEER. A
PROPOSED CONNECTION TO A FPUD FACILITY DOES NOT IMPLY
APPROVAL OF THE CORRECTNESS OF THE ELEVATION AND/OR LOCATION
SHOWN ON THE PLANS.

CONTRACTOR SHALL NOT BACKFILL TRENCH UNTIL THE DISTRICT HAS
INSPECTED THE PIPE OR STRUCTURE AND AUTHORIZES THE TRENCH TO
BE BACKFILLED. IT SHALL BE THE CONTRACTOR'S RESPONSIBILITY TO
PROVIDE ACCURATE "RECORD" DRAWINGS TO THE DISTRICT
IMMEDIATELY AFTER CONSTRUCTION.

APPROVAL BY THE DISTRICT IMPLIES NO PERMISSION OTHER THAN THAT
WITHIN THE DISTRICT'S JURISDICTION. ALL PERMITS REQUIRED BY LAW
SHALL BE ACQUIRED BY THE CONTRACTOR. REQUIREMENTS OF FPUD
SHALL TAKE PRECEDENCE OVER REQUIREMENTS OF OTHER AGENCIES
ONLY WHERE FPUD REQUIREMENTS ARE MORE STRINGENT.

THE CONTRACTOR SHALL OBTAIN AN EXCAVATION PERMIT FROM THE
DIVISION OF INDUSTRIAL SAFETY.

WATER PIPE JOINTS SHALL NOT BE PULLED AT ANY ANGLE GREATER
THAN THE MAXIMUM ANGLE RECOMMENDED BY THE PIPE
MANUFACTURER.

THE PROPOSED WORK SHALL BE SUBORDINATED TO ANY OPERATION
FPUD MAY CONDUCT, AND SHALL BE COORDINATED WITH SUCH
OPERATIONS AS DIRECTED BY THE DISTRICT ENGINEER.

A PRECONSTRUCTION MEETING SHALL OCCUR PRIOR TO CONSTRUCTION.
ATTENDEES SHALL INCLUDE THE DISTRICT ENGINEER OR HIS DESIGNATE
AND THE CONTRACTOR WHO WILL PERFORM THE WORK, AND OTHER
GOVERNMENTAL AGENCIES AND/OR UTILITY COMPANIES AS NECESSARY.
"CUT-SHEETS" SHALL BE PROVIDED TO THE DISTRICT PRIOR TO THIS
MEETING FOR REVIEW.

TRAFFIC CONTROL SHALL BE IN ACCORDANCE WITH THE CURRENT
STATE OF CALIFORNIA MANUAL OF TRAFFIC CONTROLS. THE
CONTRACTOR IS RESPONSIBLE FOR ALL TRAFFIC CONTROL ON THE
JOBSITE.

THE CONTRACTOR SHALL BE RESPONSIBLE FOR IMPLEMENTING,
ADMINISTRATING AND MAINTAINING A CONFINED SPACE ENTRY
PROGRAM.

PIPE SHALL BE HANDLED (WITH STRAPS, NO CHAINS) SO AS TO PROTECT
PIPE JOINTS, LINING AND COATING, AND CAREFULLY BEDDED TO
PROVIDE CONTINUOUS BEARING AND PREVENT SETTLEMENT. PIPE SHALL
BE PROTECTED AGAINST FLOTATION AT ALL TIMES. OPEN ENDS SHALL
BE SEALED AT ALL TIMES WHEN CONSTRUCTION IS IN PROCESS.

GENERAL NOTES (CONTINUED)

16. UPON COMPLETION OF CONSTRUCTION, THE CONTRACTOR SHALL HIRE A
VIDEO COMPANY APPROVED BY THE DISTRICT TO VIDEOTAPE THE CML&C
STEEL WATER MAINS. THE DISTRICT ENGINEER SHALL REVIEW SAID
VIDEOTAPE FOR POTENTIAL CONSTRUCTION DEFECTS PRIOR TO
ACCEPTANCE OF THE PROJECT. PAYMENT FOR ALL SUCH SERVICES
SHALL BE BORNE BY THE CONTRACTOR.

17. ALL DISTRICT FACILITIES SHALL HAVE A MINIMUM 5-FOOT HORIZONTAL
CLEARANCE FROM OTHER UTILITIES EXCEPT WHERE OTHERWISE NOTED.
THIS PERTAINS TO ALL SECTIONS ON ALL SHEETS HEREIN.

18. ALL ROUGH ROAD GRADING SHALL BE COMPLETED PRIOR TO
CONSTRUCTION OF WATER AND SEWER FACILITIES.

19. THE DESIGN ENGINEER SHALL PROVIDE THE DISTRICT ENGINEER WITH
AS-BUILT PHOTO MYLARS AND ELECTRONIC FILE IN AUTOCAD AND TIF
FORMAT.

WATER NOTES

1. CONTRACTOR SHALL FURNISH AND INSTALL ALL FACILITIES IN
ACCORDANCE WITH FPUD STANDARD SPECIFICATIONS AND STANDARD
DRAWINGS FOR WATER AND SANITARY SEWER FACILITIES (LATEST
REVISION). THE SPECIFICATIONS AND STANDARD DRAWINGS ARE
AVAILABLE FROM THE DISTRICT. CONTRACTOR SHALL BE IN POSSESSION
OF FPUD STANDARDS MANUAL ON THE JOB SITE AT ALL TIMES. ANY
CONSTRUCTION OR MATERIAL NOT COVERED IN FPUD STANDARDS
SHALL BE APPROVED BY THE DISTRICT.

2. CONTRACTOR SHALL PROVIDE WRITTEN NOTIFICATION REQUESTING A
SYSTEM SHUTDOWN FOR CONNECTIONS TO EXISTING SYSTEM. SAID
NOTIFICATION SHALL BE MADE TO THE DISTRICT A MINIMUM OF TWO (2)
WEEKS PRIOR TO SAID SHUTDOWN.

3. CONTRACTOR SHALL DESIGNATE A QUALIFIED SUPERINTENDENT WITH
FULL AUTHORITY TO ACT ON BEHALF OF THE CONTRACTOR. SAID
SUPERINTENDENT SHALL BE ON THE JOB SITE AT ALL TIMES.

4. CONTRACTOR SHALL PERFORM ALL ENCROACHMENT PERMIT WORK
UNDER SAN DIEGO COUNTY DEPARTMENT OF PUBLIC WORKS, IN
ACCORDANCE WITH ALL REQUIREMENTS OF SAID REMOVAL, TEMPORARY
PAVEMENT PLACEMENT, PERMANENT PAVEMENT PLACEMENT (INCLUDING
BASE MATERIAL) AND TEMPORARY AND PERMANENT TRAFFIC STRIPING.

5. THE WATER LINE SHALL BE INSTALLED BY A PRIVATE CONTRACTOR IN
ACCORDANCE WITH FPUD STANDARDS MANUAL. THE CONTRACTOR
SHALL BE APPROVED BY THE DISTRICT ENGINEER.

6. MINIMUM COVER OVER THE WATER MAIN SHALL BE 30-INCHES AND THE
MAXIMUM COVER SHALL BE 36-INCHES OR AS NOTED OTHERWISE
UNLESS PRIOR APPROVAL IS OBTAINED FROM THE DISTRICT ENGINEER.

7. WHEREVER A WATER LINE ENCOUNTERS A STORM DRAIN PIPE OR OTHER
OBSTRUCTION, AND CROSSING OVER THE OBSTRUCTION WILL RESULT IN
LESS THAN 30-INCHES OF COVER OVER THE WATER LINE, IT SHALL
CROSS UNDER THE OBSTRUCTION WITH 6-INCHES MINIMUM CLEARANCE.

8. METER BOXES SHALL BE FIELD LOCATED TO CLEAR DRIVEWAYS AND
LOCATED ACCURATELY ON THE AS-BUILT DRAWINGS. THE CONTRACTOR
SHALL ADJUST METER BOXES TO SIDEWALK GRADE WHEN SIDEWALKS
ARE POURED.

9. ALL WATER MAINS ARE DISTRICT OWNED AND MAINTAINED. THE
DISTRICT MAINTAINS WATER SERVICE LINES UP TO AND INCLUDING
METER AND BACK-FLOW IF REQUIRED. ALL NEW FIRE HYDRANTS TO BE
APPROVED AND ARE OWNED BY THE NORTH COUNTY FIRE PROTECTION
DISTRICT.

10. CONTRACTOR TO ADJUST ALL VALVE COVERS, FIRE HYDRANTS, METER
BOXES, ETC., TO GRADE AS DIRECTED BY THE DISTRICT.

DIGALERT

SAARRARA
DIAL TOLL FREE

S8 711

AT LEAST TWO DAYS
BEFORE YOU DIG

UNDERGROUND SERVICE ALERT OF SOUTHERN CALIFORNIA
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WATER NOTES (CONTINUED)

LAYING DIRECTION OF WATER MAIN SHALL BE IN A GENERAL UPHILL
DIRECTION.

THE LOCATION OF AIR VALVES AND BLOW-OFFS SHALL BE VERIFIED BY THE
DISTRICT ENGINEER IN THE FIELD.

ALL VALVES SHALL HAVE ACCESS PIPING THAT CONSISTS OF SDR35 ORC900
PVC AND THE 1208N LID COVERS. (FPUD STANDARD DRAWINGS W-19 AND
W-20).

WATER METER SERVICE LATERALS SHALL BE 24-INCHES BELOW FINISH
GROUND LEVEL. ANGLE STOP SHALL TERMINATE 9-INCHES BELOW FINISH
GROUND LEVEL WITH LOCATION STAMPED WITH A "W" IN CURB. ALL OTHERS
TO TERMINATE ABOVE GROUND.

THE CONTRACTOR SHALL INSTALL SUITABLE THRUST BLOCKS AT SELECTED
VERTICAL AND/OR HORIZONTAL CHANGE OF DIRECTION IN ACCORDANCE
WITH FPUD STANDARDS, WHETHER OR NOT SPECIFICALLY CALLED FOR OR
SHOWN ON THE PLAN.

CONTRACTOR TO MAKE CONNECTIONS TO EXISTING MAINS ONLY AFTER
SUCCESSFUL PRESSURE TESTING AND DISINFECTION OF NEW FACILITIES AS
AUTHORIZED BY THE DISTRICT ENGINEER.

ALL MATERIALS , TESTING AND INSPECTION OF PIPE SHALL BE IN
CONFORMITY WITH THE REQUIREMENTS OF FPUD, AND THE AMERICAN
WATER WORKS ASSOCIATION (AWWA) STANDARDS. COUNTY, AND/OR THE
AWWA SPECIFICATIONS WILL BE CAUSE FOR REJECTION.

ALL WELDED STEEL PIPE SHALL BE CEMENT MORTAR LINED AND COATED, 12
GAUGE (MINIMUM) WITH FULLY WELDED JOINTS AND HAND HOLES, UNLESS
NOTED OTHERWISE.

ALL STEEL BENDS AND FITTINGS SHALL BE CEMENT MORTAR LINED AND
COATED AND SHALL BE SHOP FABRICATED PER AWWA C208-(LATEST).
CONTRACTOR SHALL SUBMIT FABRICATION DRAWINGS (FROM A DISTRICT
APPROVED FABRICATOR) FOR ALL AWWA SHOP FABRICATED FITTINGS TO
THE DISTRICT FOR APPROVAL PRIOR TO FABRICATION. SERVICE
CONNECTIONS MADE TO EXISTING ACP, DIP, OR PVC PIPELINES SHALL
UTILIZE A BRASS DOUBLE SERVICE STRAP CONNECTION.

FOR HYDRO-STATIC TESTING PURPOSES, ALL WATER PIPES SHALL BE TESTED
AT 50 PSI ABOVE THE CLASS RATING OF THE PIPE AT THE LOWEST POINT IN
THE SECTION BEING TESTED; AND SHALL BE AT LEAST EQUAL TO THE
DESIGN CLASS OF THE PIPE AT THE HIGHEST POINT IN THE LINE.

THE MINIMUM REQUIREMENTS OF THE PIPELINE TRENCH SHALL BE PER FPUD
STANDARD DRAWING W-3.

PIPELINES AND APPURTENANCES SHALL BE TESTED, DISINFECTED, AND
DECHLORINATED PER FPUD STANDARDS SECTION 15041, DEPARTMENT OF
PUBLIC HEALTH, AND/OR ANY OTHER AGENCY HAVING JURISDICTION OVER
THE WORK.

. CONTRACTOR SHALL UNCOVER LOCATIONS OF CONNECTIONS PRIOR TO

STARTING INSTALLATIONS TO ENSURE CONFORMANCE WITH LINES AND
GRADES SHOWN ON THESE PLANS. ANY DEVIATION FROM THE PLANS MUST
BE APPROVED BY THE DISTRICT PRIOR TO CONSTRUCTION.

. THE EXISTENCE AND LOCATION OF WATER FACILITIES AS SHOWN ON THE

PLANS WERE OBTAINED FROM AVAILABLE RECORDS. TO THE BEST OF OUR
KNOWLEDGE, THE EXISTING WATER FACILITIES ARE AS SHOWN ON THE
PLANS. THE DISTRICT SHALL NOT BE HELD RESPONSIBLE FOR ANY ERROR IN
THE LOCATION AND ELEVATION OF THE EXISTING WATER FACILITIES. THE
CONTRACTOR IS REQUIRED TO TAKE PRECAUTIONARY MEASURES TO
PROTECT ANY EXISTING FACILITY SHOWN HEREON AND ANY OTHER WHICH IS
NOT OF RECORD OR NOT SHOWN ON THESE PLANS.

. LOCATION AND ELEVATIONS OF IMPROVEMENTS TO BE DONE SHALL BE

CONFIRMED BY FIELD MEASUREMENTS PRIOR TO CONSTRUCTION OF NEW
WORK. THE CONTRACTOR WILL MAKE EXPLORATORY EXCAVATIONS AND
LOCATE EXISTING UNDERGROUND FACILITIES SUFFICIENTLY AHEAD OF
CONSTRUCTION TO PERMIT REVISIONS TO PLANS IF REVISIONS ARE
NECESSARY BECAUSE OF ACTUAL LOCATION OF EXISTING FACILITIES.

. CALL THE DISTRICT FIVE (5) WORKING DAYS PRIOR TO STARTING

CONSTRUCTION, AND TWO (2) WEEKS IF SHUTDOWN IS REQUIRED. THE
DISTRICT SHALL BE NOTIFIED AT LEAST TWO (2) WORKING DAYS PRIOR TO
ANY INSPECTION. TO ARRANGE FOR INSPECTION, CALL (760) 728-1125

. PIPE DEFLECTIONS FOR SHORT RADIUS CURVES AND ANGLE POINTS SHALL

NORMALLY BE ACCOMPANIED BY MEANS OF STANDARD FITTINGS, THE
LOCATIONS OF WHICH SHALL BE DETAILED ON THE PLANS.
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WATER NOTES (CONTINUED)

ALL WATER USED ON A CONSTRUCTION PROJECT MUST BE PAID FOR AND
WILL BE METERED. THIS INCLUDES WATER FOR LOADING OF NEW
WATERLINES, FLUSHING OF LINES, PRESSURE TESTING, ETC. CITATIONS WILL
BE ISSUED TO PARTIES TAKING WATER FROM UNMETERED FACILITIES. A
CONSTRUCTION WATER METER MAY BE OBTAINED FROM THE DISTRICT.

PROPOSED WATER SYSTEM IMPROVEMENTS ARE LOCATED WITHIN THE
GHEEN PRESSURE ZONE (MAX HGL = 1037 FT) AND THE RED MOUNTAIN
PRESSURE ZONE (MAX HGL = 1137 FT)

THE CONTRACTOR SHALL INSTALL A FLANGE ISOLATION KIT AT POINTS OF
CONNECTION OF DISSIMILAR MATERIALS OR WHERE SHOWN OR SPECIFIED.

WATER METER ABANDONMENT/REMOVAL: THE SERVICE LATERAL AT THE
MAINLINE MUST BE CUT AND A CAP OR PLUG MUST BE INSTALLED ON THE
CORPORATION VALVE, ENCASE ABANDONED CORPORATION VALVE IN
CONCRETE AND REMOVE THE LATERAL FROM THE CORPORATION VALVE TO
THE ANGLE STOP. CURRENT INSPECTION FEES WILL BE REQUIRED.
SHUTDOWN FEES MAY BE REQUIRED.

WATER MAIN ABANDONMENT: ABANDONED PIPELINES SHALL BE CUT AND
PLUGGED AT APPROPRIATE INTERVALS PER SDRSD WP-03.

EXISTING WATER FACILITIES SHALL BE KEPT IN SERVICE DURING
CONSTRUCTION.

PIPELINE TRENCH AND BACKFILL SHALL BE PER FPUD STD DWG W-3.
TRENCH RESURFACING SHALL BE PER SDRSD G-24-A, TYPE A.
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ABBREVIATIONS

A AIR CONSTR  CONSTRUCTION OR CONSTRUCT FPM FEET PER MINUTE mMoD MODEL REG REGULATING w WEST OR WASTE
AB ANCHOR BOLT CONT  CONTINUED OR CONTINUOUS FPS FEET PER SECOND moL MAXIMUM OPERATING LEVEL REIN REINFORCE OR REINFORCED w/ WITH
ABAN ABANDONED CONTR  CONTRACTOR FPUD FALLBROOK PUBLIC UTILITY DISTRICT ms MOP SINK RE-STL REINFORCING STEEL we WATER COLUMN OR
ABBR ABBREVIATION COTG  CLEAN-OUT TO GRADE FS FINISHED SURFACE MTC MECHANICAL-TYPE COUPLING REQD REQUIRED WATER CLOSET
ABS ABSOLUTE TEMPERATURE CPLG COUPLING GA GAUGE MTD MOUNTED RESIL RESILIENT wco WALL CLEAN OUT
AcC ACTIVATED CARBON CcPVC CHLORINATED POLYVINYL CHLORIDE GAL GALLON MTG MOUNTING REV REVISION WH WATER HEATER
AlC AIR CONDITIONING cs CAUSTIC SODA OR CAST STEEL GALV GALVANIZED MTL MATERIAL OR METAL RFG ROOFING wi WROUGHT IRON
ACOUS  ACOUSTIC OR ACCOUSTICAL cT CERAMIC TILE GEN GENERATOR N NORTH RF ROOF OR RAISED FACE wio WITHOUT
AcP ASPHALTIC CONCRETE PAVEMENT OR CTSK COUNTERSUNK GFA GROOVED FLANGE ADAPTER NBS NATIONAL BUREAU OF STANDARDS RO ROUGH OPENING WOG WATER, OIL OR GAS
ASBESTOS CEMENT PIPE CTR CENTER GL GLASS NC NORMALLY CLOSED RPM REVOLUTIONS PER MINUTE WORKING PRESSURE
ADDL ADDITIONAL cu COPPER OR CUBIC GLV GLOBE VALVE NEC NATIONAL ELECTRICAL CODE RR RAILROAD wp WATER PROOFING
ADJ ADJUSTABLE cvL CYLINDER GPD GALLONS PER DAY NEMA NATIONAL ELECTRICAL MANUFACTURERS RS RISING STEM ws WATER SURFACE
AER AERATION GPH GALLONS PER HOUR ASSOCIATION RT RIGHT WSTP WATER STOP
AHD AHEAD d PENNY GPM GALLONS PER MINUTE NSPA NATIONAL FIRE PROTECTION ASSOCIATION RTP REINFORCED THERMOSTATIC PLASTIC wT WEIGHT
AL ALUMINUM OR ALUM DBL DOUBLE GRD GROUND OR GRADE NF NEAR FACE RIW RIGHT OF WAY wTP WATER TREATMENT PLANT
AVB AMBIENT Dc DIRECT CURRENT GR BRK GRADE BREAK NG NATURAL GAS OR NATURAL GRADE RW REDWOOD, RECYCLED WATER WTR WATER
ANG ANGLE DET DETAIL GRTG GRATING NIC NOT IN CONTRACT RWGV RESILIENT WEDGE GATE VALVE WWF WELDED WIRE FABRIC
ANSI AMERICAN NATIONAL STANDARDS DF DRINKING FOUNTAIN GV GATE VALVE NO NORMALLY OPEN OR NUMBER RWL RAINWATER LEADER wwm WELDED WIRE MESH
INSTITUTE (FORMERLY ASA) DG DOOR GRILLE GYP GYPSUM NOM NOMINAL s SOUTH, SCUM, SINK, SECOND OR SLOPE wwp WATER WORKING
AP ANGLE POINT DI DUCTILE IRON HDR HEADER NPS NOMINAL PIPE SIZE (FORMELY I.P.S.) SA SAMPLE PRESSURE
APPD APPROVED DIA DIAMETER HDW HARDWARE NPT NATIONAL PIPE THREAD SBR STYRENE BUTADENE (RUBBER) www WASTE WASH WATER
APPROX  APPROXIMATE DIAG DIAGONAL HEX HEXAGONAL NRS NON-RISING STEM sc SPARE CHEMICAL OR SECONDARY EFFLUENT Xs EXTRA STRONG
ARCH ARCHITECTURAL DIAPH  DIAPHRAGM Hg MERCURY NS NEAR SIDE sco SCREWED XXS DOUBLE EXTRA STRONG
ASSY ASSEMBLY DISCH  DISCHARGE HGL HYDRAULIC GRADE LINE NTS NOT TO SCALE SCFM STANDARD CUBIC FEET PER MINUTE YD YARD
AT ACOUSTICAL TILE DISP DISPENSE HGR HANGER oc OVER-CROSSING OR ON CENTER SCH SCHEDULE YR YEAR
ATM ATMOSPHERE DN DOWN OR DECANT HGT HEIGHT oD OUTSIDE DIAMETER OR OVERALL DIMENSION SDR STORM DRAINS z ZERO OR ZONE
AV AIR VALVE DO DISSOLVED OXYGEN HM HOLLOW METAL OF OVERFLOW OR OUTSIDE FACE SEC SECONDARY ZN ZINC
AVAR AIR VACUUM AND AIR RELEASE VALVE DR DOOR OR DRAIN HORIZ HORIZONTAL OFF OFFICE SECT SECTION
AWWA AMERICAN WATER WORKS ASSOCIATION DS DRENCH SHOWER AND EYEWASH HP HORSEPOWER OR HIGH PRESSURE OH OVER HEAD SER SERIES
BC BEGIN CURVE, BOLT CIRCLE OR DWG DRAWING HIP HIGH POINT OPER OPERATOR OR OPERATING SETT SETTLING
BETWEEN CENTERS DIFF DIFFUSER OR DIFFERENTIAL HR HEATING RETURN OR HOUR OPNG OPENING SHT SHEET OR SHELF
BCR BEGIN CURB RETURN E EAST H&V HEATING AND VENTILATION 0S &Y OUTSIDE SCREW AND YOKE SHTG SHEATHING
BD BOARD EA EACH HWL HIGH WATER LEVEL owe OIL, WATER, GAS SIm SIMILAR
BF BLIND FLANGE EB EXPANSION BOLT OR ANCHOR HWO HANDWHEEL OPERATED oz ONCE SL SLOPE, OR SLUDGE
BFP BACK FLOW PREVENTER EC END CURVE HYD HYDRANT OR HYDRAULIC PIS POLE AND SHELF SOLN SOLENOID OR SOLUTION
BFV BUTTERFLY VALVE ECC ECCENTRIC ID INSIDE DIAMETER P POLE, PAGE OR PIPE SLDG SLIDING
BHP BRAKE HORSEPOWER ECR END CURB RETURN IE INVERT ELEVATION PART PARTITION sP STATIC PRESSURE
BK BACK EF EACH FACE OR EXHAUST FAN IF INSIDE FACE PVYMT PAVEMENT SPECS SPECIFICATIONS
BLDG BUILDING EFF EFFLUENT IN INCH PB POLYBUTYLENE SPECF SPECIFIED
BLDFLG  BLIND FLANGE EG EXISTING GRADE INFL INFLUENT PC PRIIMARY CLARIFIER OR PORTLAND CEMENT sQ SQUARE
BLK BLACK OR BLOCK EL ELEVATION INLB INCH POUND PcC PORTLAND CEMENT CONCRETE ss SANITARY SEWER OR SERVICE SINK
BLKG BLOCKING ELEC ELECTRICAL INSL INSULATION OR INSULATED PCTOG PRESSURE CLEANOUT TO GRADE ssu SECONDS SAYBOLT UNIVERSAL
BM BEAM OR BENCH MARK ENC ENCASEMENT INSTR INSTRUMENT PE PLANT EFFELENT, POLYELECTROLYTE STA STATION
BO BLOW-OFF ASSEMBLY ENG ENGINE INT INTERIOR POLYMER OR POLYETHYLENE sTC SLEEVE-TYPE COUPLING
BOD BIOCHEMICAL OXYGEN DEMAND EOP EDGE OF PAVEMENT INV INVERT ELEVATION PG PRESSURE GAGE OR GAUGE STD STANDARD
BOT BOTTOM EPT ETHYLENE PROPYLENE P IRON PIPE pH HYDROGEN IRON CONCENTRATION STL STEEL
BVP BACK PRESSURE VALVE ENCL ENCLOSURE IPS IRON PIPE SIZE PI PLANT INFLUENT OR POINT OF INTERSECTION STM STEAM
BRK BRICK ENT ENTRANCE IRRG IRRIGATION PL PLATE, PROPERTY LINE OR PLACE ssT STAINLESS STEEL
B&S BELL AND SPIGOT EQ EQUAL JT JOINT PLAS PLASTER OR PLASTIC STRUCT  STRUCTURAL OR STRUCTURE
BSMT BASEMENT EQUIP  EQUIPMENT K KELVIN, KILO OR KARAT PLYWD PLYWOOD suct SUCTION
BT BOLT ESMT EASEMENT KG KILOGRAM PNEU PNEUMATIC sv SOLENOID VALVE
BTU BRITISH THERMAL UNIT EVAP EVAPORATOR KM KILOMETER PNL PANEL SWBD SWITCHBOARD
BVC BEGIN VERTICAL CURVE EVC END VERTICAL CURVE KV KILOVOLT PM PRESSED METAL SWR SIDEWALL REGISTER, SEWER
BW BACK WATER VALVE EW EACH WAY OR EYE WASH KW KILOWATT PP POWER POLE OR POLYPROPYLENE SYM SYMETRICAL OR SYMBOL
c CENTIGRADE EXH EXHAUST KWH KILOWATT HOUR PLT PLANT sYs SYSTEM
CAB CABINET EX-HY  EXTRA HEAVY LP LOW POINT PPD POUNDS PER DAY T THERMOSTAT, TREAD OF STAIR, TANGENT OR TOP
CAO CAPACITY EXIST  EXISTING L LITER OR LENGTH PPH POUNDS PER HOUR B TACK AND BOTTOM
cB CATCH BASIN EXPJT  EXPANSION JOINT LAB LABORATORY PPM POUNDS PER MINUTE T&B TOP AND BOTTOM
cc CENTER TO CENTER EXT EXTERIOR OR EXTENSION LAM LAMINATED PR PAIR TBE THREAD BOTH ENDS
co CEILING DIFFUSER EXTR EXTRUDED LAV LAVATORY PRCT PRECAST TBM TEMPORARY BENCH MARK
CLR CLEAR F FAHRENHEIT OR FINISH LB POUND PREFAB  PREFABRICATED TC TOP OF CURB
CEM CEMENT FABR FABRICATE LDG LANDING PRESS PRESSURE TEL TELEPHONE
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CONTRACTOR IS RESPONSIBLE FOR LEGAL DISPOSAL OF ALL ITEMS
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PROTECTED IN PLACE.

LIMITS OF DEMOLITION AND ABANDONMENTS OF EXISTING PIPE OR
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