
Not so long ago in a distribution system far,

far away…
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– State of California

• Severe State-Wide Drought

• Governor’s EO: 25-Percent Use Reduction 

– City of Oxnard

• 60-miles Northwest of Los Angeles

• Need for Mains Flushing, Valve Exercising

o It has been ~30 years

oWhat to do?

Valve Exercising

Mains Flushing



Introduction
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– City of Oxnard

• Sources

oSW

oRaw GW

oDesalted GW

• ~30 square miles

• 614 Miles of DS Pipe (70% from 6” to 10” Dia.)

• >16,000 Valves and >5,500 Hydrants

• Customers

o Industry, Healthcare, Government, and Residential

CA

OR

NV
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Flushing Background
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- Controlled system isolation

- Control flow / dialed in

- Increased / maximized scour velocities

- System water is filtered and can be chlorinated



Comparison of Flushing Techniques
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Conventional

Yes

Minimal

Difficult

Yes

Yes

Not typical

No

System            

Only

No

Minimal

Unidirectional

Yes

Yes

Likely

Yes

Yes

Yes

No

System            

Only

No

Minimal

Closed Loop

Yes

Yes

Yes

No

No

Yes

Yes

Equipment & 

system

Yes, chlorine

Increased

Parameter

Customer notification

Planning and modeling

Achieves scour velocity

Discharges water to curb

Impacts system pressures

Valve operations

Special equipment required

Water quality sampling 

required

Chemical dosing

Traffic management duties
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Zero-Discharge Closed-Loop Flushing
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– Proprietary Equipment

– Growing Number of Users

• Southwest US

• Northeast US

– Pump – Filter – Chlorinate – Recirculate

• Disinfect hydrants and equipment

• Connect two hydrants up to 1,000 feet apart

• Filtration to 1-µm

• Sodium hypochlorite for demand & free NH3

• Up to 1,700 GPM flow capacity

o12-inch Main @ ~5 FPS

o10-inch Main @ ~7 FPS



Zero-Discharge Closed-Loop Flushing, continued
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– Health Department Acceptance

• Flushing plan in place

• Microbial sampling

oUpstream & downstream

oAt flushing equipment

• Chlorination practices

42 Existing water quality

monitoring stations
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Define The System: Water Age
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– Start Flushing 

at Entrance to 

the DS
• Blue = Entry

• Red = End

• Focus flushing 

pipe ≤12 in. dia.

LEGEND

Potential Starting 

Flush Location

Water Age (Days)

>10

1

<0.5



Define The System: “Subsystem” Flushing Zones
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– Define Subsystems

– Purpose

• Staffing & work planning

• Customer notification

• Progress through system 

from low to high water age

• Up to 2 weeks/subsystem

– Boundaries

• Approximate

• Require various work crew 

confirmation/approval

Potential flushing

start locations



Define The System: Extended Pipe Loops (EPLs)
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– Planning

• Identify EPLs

• Identify valves

• Traffic management

• Sampling requirements

• Customer notification

• Staffing & work planning

• Customer notification

– Exercise Valves

– Flush

• Up to 2 weeks/subsystem

• Disinfect equipment

• Data and records keeping



Define The System: Extended Pipe Loops (EPLs)
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– Example: Subsystem 12

• 8 EPLs

• Target 1-2 days/EPL

• ≤12-in. diameter pipe

• <4 FPS average velocity

– Exercise Valves First

• Send valve crew between 

2 to 4 weeks prior

• Locate, ID, exercise, order 

maintenance as needed

– Set Flushing Targets

• Average flow direction?

• Average Magnitude?



Planning: Assess EPLs
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– Example: Subsystem 12

• 8 EPLs

• Target 1-2 days/EPL

• ≤12-in. diameter pipe

• <4 FPS average velocity

– Exercise Valves First

• Send valve crew between 

2 to 4 weeks prior

• Locate, ID, exercise, order 

maintenance as needed
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• Average Magnitude?



Planning: Assess EPLs
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– Example: Subsystem 12

• 8 EPLs

• Target 1-2 days/EPL

• ≤12-in. diameter pipe

• <4 FPS average velocity

– Exercise Valves First

• Send valve crew between 

2 to 4 weeks prior

• Locate, ID, exercise, order 

maintenance as needed

– Set Flushing Targets

• Average flow direction?

• Average Magnitude?



Planning, Continued
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– Group / Widespread Notification

– Individual Notifications

• Hospitals

• Nursing homes

• Dialysis facilities & individuals

• Restaurants

• Laundromats



Planning, Continued
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– Group / Widespread Notification

– Individual Notifications

– Valve Documentation & Maintenance

• Valve ID, position, max torque allowed

• Record turns open/close; pass/fail

• Maintenance and documentation

– Prepare/Disinfect Equipment

– Sampling

• Distribution system

• Equipment



10-in

8-in

10-in

8-in

8-in

8-in

EPL Flushing Example
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10-in

8-in

10-in

8-in

8-in

8-in

EPL Flushing Example
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Color          8-in Pipe      10-in Pipe    Valves

Scheme        Flushed         Flushed To Close

– At 1470 GPM
• 2x vol = 21 min

• 10” = 6 FPS

• 8” = 9.5 FPS

• At 940 GPM
– 2x vol = 33 min

– 10” = 4 FPS

– 8” = 6 FPS

4,500 ft 900 ft 20



Color          8-in Pipe      10-in Pipe    Valves

Scheme        Flushed         Flushed To Close

– At 1470 GPM
• 2x vol = 21 min

• 10” = 6 FPS

• 8” = 9.5 FPS

• At 940 GPM
– 2x vol = 33 min

– 10” = 4 FPS

– 8” = 6 FPS

4,500 ft 900 ft 20

EPL Flushing Example
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Color          8-in Pipe      10-in Pipe    Valves

Scheme        Flushed         Flushed To Close

– At 940 GPM
• 2x vol = 19 min

• 8” = 6 FPS8-in

8-in

8-in

8-in

4,500 ft 900 ft 20

3,500 ft - 21

EPL Flushing Example
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Color          8-in Pipe      10-in Pipe    Valves

Scheme        Flushed         Flushed To Close

– At 1470 GPM
• 2x vol = 15 min

• 10” = 6 FPS

• 8” = 9.5 FPS

• At 940 GPM
– 2x vol = 23 min

– 10” = 4 FPS

– 8” = 6 FPS

10-in

10-in

8-in

8-in

8-in

4,500 ft 900 ft 20

3,500 ft - 21

3,650 ft 300 ft 22

EPL Flushing Example
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Color          8-in Pipe      10-in Pipe    Valves

Scheme        Flushed         Flushed To Close

– At 940 GPM
• 2x vol = 8 min

• 8” = 6 FPS

4,500 ft 900 ft 20

3,500 ft - 21

3,650 ft 300 ft 22

1,450 ft - 19

EPL Flushing Example
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Color          8-in Pipe      10-in Pipe    Valves

Scheme        Flushed         Flushed To Close

– At 940 GPM
• 2x vol = 9 min

• 8” = 6 FPS

4,500 ft 900 ft 20

3,500 ft - 21

3,650 ft 300 ft 22

1,450 ft - 19

1,550 ft - 21

EPL Flushing Example
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Color          8-in Pipe      10-in Pipe    Valves

Scheme        Flushed         Flushed To Close

– At 940 GPM
• 2x vol = 12 min

• 8” = 6 FPS

4,500 ft 900 ft 20

3,500 ft - 21

3,650 ft 300 ft 22

1,450 ft - 19

1,550 ft - 21

2,150 ft - 15

EPL Flushing Example
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Color          8-in Pipe      10-in Pipe    Valves

Scheme        Flushed         Flushed To Close

– At 940 GPM
• 2x vol = 6 min

• 8” = 6 FPS

4,500 ft 900 ft 20

3,500 ft - 21

3,650 ft 300 ft 22

1,450 ft - 19

1,550 ft - 21

2,150 ft - 15

1,000 ft - 14

EPL Flushing Example
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Color          8-in Pipe      10-in Pipe    Valves

Scheme        Flushed         Flushed To Close

– At 1470 GPM
• 2x vol = 5 min

• 10” = 6 FPS

• 8” = 9.5 FPS

• At 940 GPM
– 2x vol = 8 min

– 10” = 4 FPS

– 8” = 6 FPS

4,500 ft 900 ft 20

3,500 ft - 21

3,650 ft 300 ft 22

1,450 ft - 19

1,550 ft - 21

2,150 ft - 15

1,000 ft - 14

1,000 ft 300 ft 9  

EPL Flushing Example
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Color          8-in Pipe      10-in Pipe    Valves

Scheme        Flushed         Flushed To Close

– At 1470 GPM
• 2x vol = 3 min

• 8” = 6 FPS

4,500 ft 900 ft 20

3,500 ft - 21

3,650 ft 300 ft 22

1,450 ft - 19

1,550 ft - 21

2,150 ft - 15

1,000 ft - 14

1,000 ft 300 ft 9  

- 570 ft 7

EPL Flushing Example
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4,500 ft 900 ft 20

3,500 ft - 21

3,650 ft 300 ft 22

1,450 ft - 19

1,550 ft - 21

2,150 ft - 15

1,000 ft - 14

1,000 ft 300 ft 9  

- 570 ft 7

18,800 ft 2,070 ft 148  

Color          8-in Pipe      10-in Pipe    Valves

Scheme        Flushed         Flushed To Close

– Flush time = 121 min max

– Valve turning time

– Time needed to setup, sample, 

and replace filters

EPL Flushing Example
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Subsystem 12 has 8 EPLs

EPL = Extended Pipe Loop

Day 1

Days

2-3
Days 3-4

Day 5

Days

5-6

Day

7

Day 8

Day 9

Subsystem Flushing Summary
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– Target 1 EPL/day

– However…..

• Complexity may require 

connection at multiple 

hydrant locations

• Can take 2 days

– Benefit of EPLs

• Flushing reduced from 

~4 years to ~2 years

• ~5 miles/week



Summary and Next Steps

– Zero-Discharge, Closed-Loop Flushing

• Proprietary equipment

• No change in system pressure; no water loss

• Can achieve excellent scouring (5 fps in 12-in dia. Mains)

• Rapid progress through the distribution system (5 miles / week)

– Appropriate for Chlorinated & Chloraminated Systems

• Remove sediment

• Precise chlorine addition meets demand; combines with free NH3

– Supports Distribution System O&M

• Valve asset management

• Mains cleaning
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Summary and Next Steps, continued

– Challenges

• Pre- and continuous planning effort

• Scheduling and customer notification

• Sanitary working practices (disinfecting equipment, sampling)

• Traffic management during flushing

• Equipment purchase, storage, and O&M

• Staffing: valve maint. (2 persons) and flushing crew (2 persons)

– Current Status and Next Steps

• Planning completed

• Health Department approval given

• Equipment to be purchased
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Thank You!

Alex Mofidi PE


