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VITRIFIED CLAY PIPE CORROSION

• About LACSD
• Clay pipe history and 

manufacturing
• Use in LACSD sewer system
• CCTV inspections and capital 

improvement program
• Major defects discovered in 

newer clay pipe
• Repairs and assessments
• Lab testing and Resolutions

LOS ANGELES COUNTY SANITATION DISTRICTS (LACSD)



LOS ANGELES COUNTY SANITATION DISTRICTS

• Wastewater and solid waste 
management agency

• 24 independent special districts
• 5.6 million people
• 850 square miles
• 78 cities and communities

“CONVERTING WASTE INTO RESOURCES”



LOS ANGELES COUNTY SANITATION DISTRICTS

• One-fourth of countywide solid waste 
disposal

• Two sanitary landfills

• Three materials recovery/transfer facilities

• Refuse-to-energy facility

• Landfill gas is converted to renewable 
energy

SOLID WASTE MANAGEMENT



LOS ANGELES COUNTY SANITATION DISTRICTS

• One-half of the wastewater produced by 
Los Angeles County

• 400 million gallons per day (MGD)

• 1,400-mile trunk sewer system

• 48 pump stations

• 11 wastewater treatment plants

WASTEWATER MANAGEMENT



LOS ANGELES COUNTY SANITATION DISTRICTS

• 81 MW of green energy

• Enough to power 81,000 homes

• 90 MGD of recycled water

• Equivalent to water needs of 300,000 
homes

WASTE TO ENERGY



LOS ANGELES COUNTY SANITATION DISTRICTS

• Coronavirus can be shed into wastewater 
by infected individuals

• LACSD has tested for coronavirus genetic 
material in influent wastewater since April

• Helpful for public health officials to 
indicate if infection may be increasing or 
decreasing in the population

• Charts are updated every two weeks

• More at www.LACSD.org

COVID-19 TRACKING IN WASTEWATER 



CLAY PIPE
HAS BEEN USED SINCE ANCIENT TIMES



MODERN “VITRIFIED CLAY PIPE” (VCP)

• Ancient • Modern

A MAJOR IMPROVEMENT



MODERN CLAY PIPE MANUFACTURING
A CONSISTENT, HIGH QUALITY PRODUCT



WASTEWATER COLLECTION SYSTEM



LOS ANGELES COUNTY SANITATION DISTRICTS

- 1,400 miles of gravity sewers, siphons, and 
force mains

- Dry weather conveyance: 450 MGD (2013)

- Wet weather conveyance: 1 BGD (2005)

- 8” to 144” diameter

WASTEWATER COLLECTION SYSTEM



LACSD SEWER SYSTEM
BREAKDOWN BY DIAMETER AND MATERIAL



CCTV AND 
CONDITION 
ASSESSMENT
PROGRAM HISTORY



CCTV AND 
CONDITION 
ASSESSMENT
PROGRAM HISTORY



CCTV AND 
CONDITION 
ASSESSMENT
PROGRAM HISTORY



CCTV AND CONDITION ASSESSMENT



RECURRING CCTV INSPECTIONS

Pipe Type CCTV Interval

Vitrified Clay (VCP) up to 10" diameter
Non-Reinforced Concrete (NRCP)
Clay-Tile Lined Reinforced Concrete

5 years

Vitrified Clay (VCP) greater than 10" diameter
Reinforced Concrete (RCP)

10 years

Lined or Encased Pipes 15 years

FAIR TO GOOD CONDITION

Pipe Type CCTV Interval

Condition Rating “1” & “2” 1 year

Condition Rating “3” Concrete 3 years

Condition Rating “3” Clay 4 years

DETERIORATED CONDITION



CONCRETE VS. CLAY DETERIORATION
• Reinforced Concrete 
• Condition Rating 1

• Vitrified Clay
• Condition Rating 1



GOOD CONDITION VCP 



CONDITION ASSESSMENT

Condition “3”
Monitor for damage

Condition “2”
Repair: Secondary priority

Condition “1”
Repair: High priority

10+ year repair 
timeframe

6-10 year repair timeframe 0-5 year repair timeframe



CONDITION ASSESSMENT
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CONDITION ASSESSMENT
STRUCTURAL CONDITION OF THE SEWER SYSTEM



CAPITAL PLANNING



CAPITAL PLANNING



AN UNWELCOME SURPRISE
2:48 AM – MONDAY, NOVEMBER 28, 2016 





PRECARIOUS LOCATION
LOCATED UNDER HEAVILY USED WALKWAY



ALL HANDS ON DECK
• Sewer O&M Section and Sewer Design Section

• Initial Cut: All VCP Less Than 15 Years Old



ALL HANDS ON DECK
• Researched Construction Records and Contacted Manufacturers
• Final Scope of Investigation: VCP 15 Years or Newer, 24” Diameter or Larger
• 30 miles of sewers reviewed
• 7 miles of emergency inspections into early 2017



INVESTIGATION OF PAST INSPECTIONS
2011 INSPECTION OF 36” CLAY SEWER THAT FAILED IN 2016 



INVESTIGATION OF PAST INSPECTIONS
VCP CORROSION



INVESTIGATION OF PAST INSPECTIONS

VCP CORROSION … ?



FINDINGS AND ACTIONS TAKEN

• Did not discover any corrosion-related holes or collapsed pipes
• 7 miles of sewer were slated for repair due to probable corrosion
• Another 20 miles showed possible initial signs of corrosion (whiteness, 

pitting, etc.)
• Were put on a more frequent CCTV inspection schedule
• Minimal impact on CCTV budget

• Other clay sewers reviewed since then have been flagged Condition 
Rating “3” based on possible signs of corrosion

• Emergency repair of collapsed sewer in Alhambra

INITIAL INVESTIGATION OF 30 MILES OF VCP SEWER



EMERGENCY REPAIR OF ALHAMBRA SEWER



A SECOND SURPRISE
36” VCP SEWER IN THE CITY OF HAWTHORNE, BUILT IN 2007 



MANCHESTER AVENUE PUMP RELIEF TRUNK SEWER



MANCHESTER AVENUE PUMP RELIEF TRUNK SEWER

• Chose slip lining method
• No need for full bypass
• VCP sampling pits are needed; 

can double as insertion pits



MANCHESTER AVENUE PUMP RELIEF TRUNK SEWER



VCP LAB TESTING

• Pipe segments from both 
the Alhambra and 
Hawthorne sewers were 
removed for lab testing

• Sampling was overseen 
by a local independent 
third party laboratory, 
Ramtech



PETROGRAPHIC LAB TESTS
• Not pass-fail; investigative
• Petrographic Test – examines optical properties 

and microstructural characteristics of materials
• Visual & Microscopic Inspection
• X-Ray Diffraction
• Soluble Ion Analysis
• These three tests identify mineral and element 

composition and structure of the VCP particles
• Acid Soluble Matter Test

• ASTM C301, Identifies volume of soluble 
material within VCP



LAB TEST RESULTS

The formation of amorphous silica 
and gypsum throughout the VCP 
matrix, which expands and 
causes spalling.

FAILURE MECHANISM



PRIMARY FAILURE

Primary Failure Mechanism –
Amorphous Silica
Sulfuric acid from the sewer 
environment deteriorates 
calcium silicate particles to 
amorphous silica



SECONDARY FAILURE

Secondary Failure Mechanism -
Gypsum
Both acid and water can dissolve 
calcium particles to form 
gypsum. 



FINDINGS AND GOING FORWARD

• One manufacturer, one facility
• Wollastonite (CaSiO3) as additive



FINDINGS AND GOING FORWARD
• One manufacturer, one facility
• Wollastonite (CaSiO3) as additive
• CCTV IS CRITICAL

• Corrosion can happen to any 
product

• Need to identify early signs
• LACSD is still using clay pipe 



7677 Oakport Street Suite 600 Oakland CA 94621
510.382.7800 | www.cwea.org 

THANK YOU

JOHN WESTERGAARD, P.E.

LOS ANGELES COUNTY

SANITATION DISTRICTS

BRYAN VANSELL

MISSION CLAY PRODUCTS


