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CRITICAL
: OF, RELATING TO, OR BEING A TURNING POINT OR SPECIALLY 
IMPORTANT JUNCTURE // A CRITICAL PHASE

: INDISPENSABLE, VITAL

: BEING IN OR APPROACHING A STATE OF CRISIS 

: CRUCIAL, DECISIVE



IS OUR DRINKING WATER 
INFRASTUCTURE
IN CRITICAL CONDITION?



Where Do We Stand?  
Just the Facts

• According to the ASCE 
Infrastructure Report Card 
(2017):

• Nation’s drinking water 
infrastructure received a “__” 
rating



Where Do We Stand?

 The est. 6 billion gallons of clean drinking water per day lost 
to leaking pipes is around 15% of the daily drinking water 
usage and could support 16 million homes

• Drinking Water is delivered via 2.2 million miles of pipes 
across the Country.  An est. 43% of installed pipes are 
between 20 & 50 years old, 23% greater than 50 years 
old, and nearly 10% of pipes were classified as “beyond 
their useful life” at 75-100 years.

• 250,000 – 300,000 Water Main breaks per year

• Utilities had been averaging a pipe replacement rate 
of 0.5% per year in 2015 (200 years to replace the 
system). By 2019, replacement rate has improved to 
1.5%



Aging Infrastructure
By 2050, average age will be 50 yrs old

*Varies widely by region
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Cost of 
Replacing Pipe
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So How Bad 
is it?

“…restoring existing water systems as they reach 
the end of their useful lives and expanding them 
to serve a growing population will cost at least $1 
trillion over the next 25 years, if we are to maintain 
current levels of water service.”

*Buried No Longer, AWWA





•Poor Planning

•Corrosion
    Age of Materials

• Improper Installation

• Inability to Adapt

•System Dynamics
    Temperature & Movement

•Manufacturing Defects



Let’s Talk “Planning”



Reason to Restrain the Line















Cost of 
Replacing Pipe
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VS.



Replace vs Repair

With well-developed repair strategies, many water utilities currently find a largely 
reactive approach cheaper (in the short term) than establishing a systematic 
rehabilitation program. 
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Types of Repair

• Open cut replacement of pipe section(s) 
• Repair w/ mechanical sleeves or repair clamps
• Spot repairs using cured-in-place-pipe (CIPP)
• Joint repairs using internal sleeves or external devices. 
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Direct vs Indirect Costs
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WHAT IS THE AVERAGE COST OF 
A REPAIR?

WHAT PERCENTAGE OF THIS IS 
THE ACTUAL REPAIR PRODUCT? 



But …. What’s Your Time Worth?

Less time in the ditch = safer conditions 
and less $ spent on repair
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Direct vs Indirect Costs

Based on direct costs alone, it is less 
costly to continually repair damaged 
mains than to replace them
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Other Planning Considerations

• ENGINEERING
IN-HOUSE  -OR-  OUTSOURCED

• BID/ AWARD PROCESS
MODIFICATIONS TO EXISTING METRICS



Bid Award Time!



•Poor Planning

•Corrosion
    Age of Materials

• Improper Installation

• Inability to Adapt

•System Dynamics
    Temperature & Movement

•Manufacturing Defects



CORROSION

• GENERAL CORROSION – (ATMOSPHERIC)
THIS TYPE OF CORROSION IS CHEMICAL OR ELECTROCHEMICAL IN NATURE.  HOWEVER, 
THERE ARE NO DISCRETE ANODE OR CATHODE AREAS.  THIS FORM OF CORROSION IS 
UNIFORM OVER THE SURFACE EXPOSED TO ITS ENVIRONMENT.  

TYPES OF CORROSION

• CONCENTRATION CELL CORROSION – (GALVANIC)
THIS TYPE OF CORROSION IS CAUSED BY AN ELECTROCHEMICAL CORROSION CELL.  THE 
POTENTIAL DIFFERENCE (ELECTROMOTIVE FORCE) IS CAUSED BY A DIFFERENCE IN 
CONCENTRATION OF SOME COMPONENT IN THE ELECTROLYTE.



CORROSION
Issues with hot soils?

Painting Fire Hydrants Every 3-5 Years?



Corrosion 







All Four Elements of the Cell Must be 
present For Corrosion to Occur!

Remove Any One Element and Corrosion……

STOPS!



Corrosion Rates
The corrosion rate or acceleration rate of a Galvanic 

coupling is affected by several factors:

Potential difference between the metals 

Nature of the environment

Spatial effects such as area, distance and cell 
geometry

Electrolyte resistivity







The Four Areas of Electrolysis & Hydrant Failure

1. STEM/OPERATING NUT - The stem 
"rusts" to the operating nut, and is the 
cause of "hard to operate" in many 
cases. Results of this condition are 
rounded off pentagon or square wrench 
nut, twisted off operating nuts, and 
twisted stem stress to the point of failure 
of the stem anti-rotation device. The 
hydrant can become locked and 
completely inoperative. Moisture is 
typically admitted by the stem sleeve 
cracking.



The Four Areas of Electrolysis & Hydrant Failure

2. STEM SLEEVE - The stem sleeve is a thin brass 
tube slid over the steel upper stem, to provide a 
smooth seal for the bonnet/stem juncture. 
Electrolysis occurs between the brass stem sleeve 
and the underlying steel stem. The lower 1/2" of 
the stem sleeve is not sealed against moisture. 
Water collects underneath the sleeve, rust forms 
and grows, and the stem sleeve cracks. Now water 
is able to flow through the sleeve and into the 
operating nut area and wash out the lubricant, 
resulting in the problems in 1. above. The stem 
sleeve can become so loose that it migrates 
upward and locks up the operating nut. A dry, 
unlubricated sleeve can also make the hydrant 
very difficult to operate.



The Four Areas of Electrolysis & Hydrant Failure

3. LOWER STEM - One of the worst areas for stem rust, 
due to the bottom few inches contain the anti-rotation 
device, the drain valve, and hydrant valve. Electrolysis 
occurs between the brass drain valve and the steel 
stem. Rust here typically disables the anti-rotation 
device, or allows the stem to bend when opening 
pressure is applied from above. Stems that are 
designed to slide thru the drain lever can become 
locked to the point that they bend or break the drain 
lever. Rust here is further aggravated by opening the 
hydrant, the resulting stream of water flowing thru the 
elbow flushes away old stem rust, and new rust is now 
initiated. Coastal areas are particularly vulnerable to 
lower stem rust, since the lower barrel of the hydrant is 
typically filled with standing water from a high water 
table. Water allowed in through the drain holes 
becomes mixed with mud, bacteria, acids, etc. and is 
highly corrosive to the stem. It can also contaminate 
drinking water.



The Four Areas of Electrolysis & Hydrant Failure

4. SEAT RING SEAL COMPRESSION AREA - A 
nightmare area for the fire hydrant repairman. 
Sadly, this is a very common occurence. 
Electrolysis occurs in the contact area of the 
brass seat ring and the cast iron hydrant elbow. A 
pitted surface here will not allow proper sealing 
of the seat o-rings or gasket, and the hydrant will 
leak. New seat o-rings, new seat ring, new main 
valve, etc. will not fix the problem. Leaks here 
may be undetected because water flows out the 
drain holes and is not visible from the groundline. 
Repairs are further complicated by the "locking" 
of the seat ring by the rust from the mating 
hydrant elbow., making the seat ring very difficult 
to remove for repairs. Most seat wrenches 
provided by the manufacturer are not effective in 
removing these locked in seat rings. Over torque 
of the seat wrench can result in injuries and even 
further damage internal parts



All Four Elements of the Cell Must be 
present For Corrosion to Occur!

Remove Any One Element and Corrosion……

STOPS!



• When a valve seat 
leaks

• The water 
continuously leaks 
out of the drain holes

• Can freeze causing 
it to be inoperable

• Enormous amounts 
of waste of a 
valuable resource



National hydrant leak data

Avg Loss Block 1
No. Hydrants GPM (Est) Gallons Lost Gallons Lost Gallons Lost Gallons Denver Water Total Est Loss Conservative Est. of

Leak Detection Survey Referenced Leak Detected Per Hydrant Per Day (Est) Per Month (Est) Per Year (Est) Per 1000 Price (per 1000g) Billable Water Revenue Managing Lost Water
City of Orland, CA (11-14) 80 3.5 403,200 12,264,000 147,168,000 147,168 $2.36 $347,316.48 $73,584.00
Town of Ipswich, MA (8-14 - 9-14) 4 1 5,760 175,200 2,102,400 2,102 $2.36 $4,961.66 $1,051.20
Town of Ashland, MA (11-14 - 12-14) 5 2.25 16,200 492,750 5,913,000 5,913 $2.36 $13,954.68 $2,956.50
Town of Weston, MA (12-17) 4 4.75 27,360 832,200 9,986,400 9,986 $2.36 $23,567.90 $4,993.20

Shrewsbury Water System, MA (12-15) 10 6.9 99,360 3,022,200 36,266,400 36,266 $2.36 $85,588.70 $18,133.20
Colorado Survey 4 1 5,760 175,200 2,102,400 2,102 $2.36 $4,961.66 $1,051.20
Example Utility #1 420 1 604,800 18,396,000 220,752,000 220,752 $2.36 $520,974.72 $110,376.00
Example Utility #2 2000 1.2 3,456,000 105,120,000 1,261,440,000 1,261,440 $2.36 $2,976,998.40 $630,720.00



WATER LOSS
HOW  M UCH A RE W E TA LK ING A BOUT?







Selection of 
Materials & 
Coatings



•Poor Planning

•Corrosion
    Age of Materials

• Improper Installation

• Inability to Adapt

•System Dynamics
    Temperature & Movement

•Manufacturing Defects



Installation 





















Installation 





AWWA C605



Preventing Over-Belling



•Poor Planning

•Corrosion
    Age of Materials

• Improper Installation

• Inability to Adapt

•System Dynamics
    Temperature & Movement

•Manufacturing Defects



HISTORY OF THE FIRE HYDRANT - DESIGN

“The main challenges of hydrant design --- anti-freezing, hydraulic 
efficiency, ease of repair --- were all known and dealt with, to varying 

degrees of success, early on, before 1900. The first steamer or pumper outlet 
came about around 1860 following the invention of the steam fire engine. 
Although materials have improved and some of the elements of hydrant 
design have been refined, the basic form of both the dry barrel and wet 

barrel hydrants have endured relatively unchanged since the mid 1800s.”   

Source: 
Firehydrant.org



1860’S VS 2020’S

ROAD TRAVEL



1860’S VS 2020’S
AIR TRAVEL



•Poor Planning

•Corrosion
    Age of Materials

• Improper Installation

• Inability to Adapt

•System Dynamics
    Temperature & Movement

•Manufacturing Defects



Engineered Solutions



Issues with 
Oversizing 
Control Valves

















Making the Right Choice

There are fundamental differences between products
• Gasket
• Coating
• Bolt size
• Size ranges

• Ask your manufacturer
• Install different types and make your own decision
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Making the Right Choice

• Manufacturers go to different lengths to provide a product 
to the industry
• Is it a “Me-Too”?
• How does it compare?

• Ease/time of installation
• Product engineering
• Pressure ratings
• Reliability
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They’re Called Band-Aids For a Reason

• Not a permanent fix?
• Goal is to fix leak as quickly as possible
• Inexpensive
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Do Your Homework

• Do all products meet applicable AWWA standards
• Quality of materials/workmanship
• Customer service
• Reputation
• Industry history
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Alternative Solutions



Alternative Restraint Solutions

What Factors to 
Consider ?

More Applications
and Improved Methods



Alternative Restraint Solutions
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