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The Energy Star Program of the EPA estimates The Energy Star Program of the EPA estimates 
that about $4 billion are spent annually for that about $4 billion are spent annually for 
energy costs to run drinking water and energy costs to run drinking water and 
wastewater utilities. If the sector could reduce wastewater utilities. If the sector could reduce 
energy use by just 10% through investment in energy use by just 10% through investment in 
energy efficiency collectively it would save about energy efficiency collectively it would save about 
$ 400 million annually.$ 400 million annually.



THE COST OF TRAPPED PIPELINE AIRTHE COST OF TRAPPED PIPELINE AIR

If your system accumulated air last year that increased If your system accumulated air last year that increased 
head pressure by 15% your pumps were forced to head pressure by 15% your pumps were forced to 
work 15% harder drawing 15% more electricity.work 15% harder drawing 15% more electricity.
If you spent 250,000 dollars on electricity to power If you spent 250,000 dollars on electricity to power 
your  pumps you could have saved 37,500 dollars on your  pumps you could have saved 37,500 dollars on 
electricity alone by just eliminating the air in the electricity alone by just eliminating the air in the 
system.system.



11..  IImmppeeddaannccee  ooff  ffllooww  iinn  ppiippeelliinneess  ––uupp  ttoo  ccoommpplleettee  ssttooppppaaggee,,  aatt  ttiimmeess..  
  
22..  SSeerriioouuss  hheeaadd  lloosssseess  --  eenneerrggyy  lloosssseess..  
  
33..  WWaatteerr  HHaammmmeerr  ddaammaaggeess..  
  
44..  IInnaaccccuurraattee  rreeaaddiinnggss  iinn  mmeetteerrss  aanndd  aauuttoommaattiicc  mmeetteerriinngg  vvaallvveess..  
    
55..  IInnaaddeeqquuaattee  ssuuppppllyy  ooff  wwaatteerr  ttoo  aarreeaass  iinn  tthhee  ssyysstteemm,,    

aa..    dduuee  ttoo  aaiirr  oobbssttrruuccttiioonn  ttoo  ffllooww  aanndd  aaccccuummuullaattiioonn  ooff  pprreessssuurree  lloosssseess..  
bb..  dduuee  ttoo  ffaauullttyy  mmeetteerr  aanndd  aauuttoommaattiicc  mmeetteerriinngg  vvaallvvee  rreeaaddiinnggss..  
  

66..  SSeerriioouuss  ddaammaaggee  ttoo  ssppiinnnniinngg  iinntteerrnnaall  ppaarrttss  ooff  mmeetteerrss,,  mmeetteerriinngg  vvaallvveess..  
    
77..  CCoorrrroossiioonn  aanndd  ccaavviittaattiioonn..  
              
88..        PPhhyyssiiccaall  ddaannggeerr  ttoo  ooppeerraattoorrss  ffrroomm  aaiirr--bblloowwnn  ffllyyiinngg  ppaarrttss  aanndd  ffrroomm  vveerryy

ssttrroonngg  ssttrreeaammss  ooff  hhiigghh vveelloocciittyy,, eessccaappiinngg aaiirr..  



 
1. Vacuum enhanced problems and damages: 
 

a. Suction of mud and dirt through faulty 
connections, cracks in pipes an accessories, etc’.

 
b. Suction of seals and gaskets, in–line fittings, 

and other internal accessories of pipes. 
 
c. Uncontrolled suction of injected chemicals into 

the system. 
 
d. Pipe or accessory collapse. 
   

2. In some cases, the absence of an air cushion can 
increase the damages of surge and slam phenomena.



Some example of air bubble behaviorSome example of air bubble behavior



Air entrainment is much more serious in wastewaterAir entrainment is much more serious in wastewater
force main systems than in water transmission systems because of
their special operational processes and procedures. Whereas 
pressurized water transmission systems are operational and under
pressure almost all of the time, force mains operate in intermittent
cycles, where pumps turn on and off several times a day. 

Sewage commonly 
enters the wet 
well above water 
level, very often 
as a plunging jet

entraining large 
amounts of air 
into the wet well

Air entrainment at a plunging jet





Pump records for a Pump records for a 
wastewater lift station wastewater lift station 
in Denton County, in Denton County, 
Texas, with 5 Texas, with 5 
conventional conventional 
wastewater air valves wastewater air valves 
on its force main.on its force main.

Flowrate in gpm

Pump run

Low Low flowratesflowrates

Long pump runsLong pump runs

Wednesday

Thursday



Two of the 5 Two of the 5 
conventional  air conventional  air 
valves were valves were 
replaced, here,  replaced, here,  
by two         by two         
A.R.I.  DA.R.I.  D--025 025 
wastewater       wastewater       
air valvesair valves

FlowratesFlowrates
rise off the rise off the 
chart!chart!

Change of Change of 
flowrateflowrate
scalescale

Long Long 
pump runspump runs

Short 
pump runs

Friday

Saturday



A Month LaterA Month Later
Friday

A slight drop in flowrates



Utility administrators and asset managers are required Utility administrators and asset managers are required 
to show increased efficiency over their assets.to show increased efficiency over their assets.

Saving Analysis Saving Analysis –– Data provided by Data provided by Horseshoe BayHorseshoe Bay, Texas, Texas

3,650 hours25,550 hoursOperating time 
(Lifetime)

183 hours per 
year

1,278 hours per 
year

Operating time (annual)
0.5 hours3.5 hoursDaily operating time

7300 days7300 daysDays of operation 
(Lifetime)

20 years20 yearsYears of operation
A.R.I.A.R.I.Option No.1Option No.1



Utility administrators and asset managers are required Utility administrators and asset managers are required 
to show increased efficiency over their assets.to show increased efficiency over their assets.

Saving Analysis Saving Analysis –– Data provided by Horseshoe Bay, TexasData provided by Horseshoe Bay, Texas

65%65%Pump efficiency

85%85%Motor efficiency

$   2,168.78$   2,168.78
$ 43,375.65$ 43,375.65

$   15,181.48
$ 303,629.52

Cost per year
Lifetime cost

$ 0.0817 per 
kilowatt-hour

$ 0.0817 per 
kilowatt-hour

Electricity cost

5,000 gpm5,000 gpmFlow
A.R.I.A.R.I.Option No.1Option No.1

86% savings86% savings



Formation and Formation and 
Burst of a Vapor Burst of a Vapor 

CavityCavity

FraunhoferFraunhofer UMSICHTUMSICHT



Collapse due to Collapse due to 
downdown--surgesurge

Weakened Weakened 
sectionsection

downdown--surgesurge upup--surgesurge crackingcracking rupturerupture

PIPE DAMAGE DUE TO SURGESPIPE DAMAGE DUE TO SURGES



In the USA too!In the USA too!



COLLAPSECOLLAPSE
MAXIMUM LEVELMAXIMUM LEVEL

SteelSteel PipePipe
DiameterDiameter :  1220 mm:  1220 mm
ThicknessThickness :  7 mm:  7 mm

LengthLength ofof CollapseCollapse : 540 : 540 MtsMts
e / D = 0.005738e / D = 0.005738

URB.  MANZANARES / BARUTA / URB.  MANZANARES / BARUTA / EdoEdo: MIRANDA: MIRANDA

PIPE COLLAPSE INPIPE COLLAPSE IN VENEZUELAVENEZUELA

DOWNDOWN--SURGE SURGE 
INDUCEDINDUCED



Air pockets can create liquid 
flow and velocity changes within 
pipe lines. If the pump pressures 
are adequate the compressed air 
will release creating a sudden 
and rapid increase in line 
surges, pressure spikes and flow 
reversals.
These are the water 
hammer/shock events that over 
time damage pumps ,fittings, 
joints and valves. The majority 
of leakage and unaccounted for 
water losses can be attributed to 
these events.




















