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•
An Engineering and Inspection firm

 focused on providing non-destructive m
eans 

to assess/m
onitor the condition of pipelines 

•
Experience in the Condition Assessm

ent/M
onitoring of over 5000 m

iles of pipe 

•
Specialize in the evaluation of large diam

eter w
ater and sew

er pressure pipes 

•
Provide specialized engineering support in new

 assessm
ent technologies 

Pure Technologies 



1.Capital program
 

(Dig &
 Replace) 

2.Run to Failure 
–

$500,000 to $1,700,000 per 
failure 

–
Safety concerns 

–
Public relations 

3.Proactive Condition Assessm
ent 

(2%
-4%

 of Replacem
ent Costs) 

 
  

   

 Three A
pproaches to Pipeline M

anagem
ent 



Transm
ission Line System

s Typically >24” Dia.  

•
Pipes usually have lim

ited redundancy 

•
The Im

pact of Large Diam
eter Transm

ission 
lines Breaks are significant 

•
Condition Assessm

ent and Leak detection in 
large diam

eter pipe has been challenging 
for conventional technologies 

•
Replacem

ent typically cost prohibitive 

 
 

Transm
ission M

ain A
ssessm

ent 



Internal Corrosion 
26.2%

 

External Corrosion 
19.2%

 

Surge Pressure 
10.2%

 

Joint Leakage 
15.2%

 

3rd Party Dam
age 

19.4%
 

Capacity 
9.8%

 

C
om

prehensive C
ondition A

ssessm
ents – 

Large D
iam

eter Pressure M
ains 

Failure m
odes for large diam

eter pressure 
m

ains 
      W

hat m
ethodologies can w

e use to prevent 
failure? 



•
Identify Areas of Corrosion  

•
Find and Repair Leaks 

•
Avoid Pipeline Failures 

•
Reduce Risk 

•
Extend Life of Pipeline 

 

C
ondition A

ssessm
ent O

bjectives 



D
eterioration of M

etallic Pipe 
C

om
es in m

any different form
s: 

y
D

am
age to outer coating 

y
E

xternal corrosion pitting 
y

P
inhole leaks form

 in barrel 

y
Lead joint sealer strains joints 

y
C

racks form
 at bell end 

y
Joint begins to leak 

C
racks, corrosion pits, and pinholes w

eaken pipe w
all 

B
edding loss rem

oves external support 
P

ressure transient or extrem
e tem

perature adds extra strain 
Failure 



•
Applicable to all m

etallic pipe 
•

Generally slow
er rate of deterioration than 

pit corrosion 
  

G
eneral (U

niform
) C

orrosion 



•
Applicable to all m

etallic pipe 
•

Particularly a problem
 w

hen pits line up 
•

Can be a rapid deterioration process 
  

Pit C
orrosion 



Pit C
orrosion 



•
Cast Iron Pipe &

 AC Pipe 
•

Typically starts at the bell end 
•

Grow
s w

ith tim
e, eventually leads to rapid 

crack propagation  
•

Leaks prior to failure 
  

C
racking 



•
Longitudinal Cracking 
•

Internal pressure/surges 
•

Crushing effects 
•

Com
pressive forces 

  
•

Bell Shearing 
•

Com
pressive forces pushing 

spigot into bell 
•

Bending forces 

C
racking: Large D

iam
eter C

IP 



Tuberculation 



Pipeline C
apacity/D

em
ands 

Pipeline Loading 
 
 

Tim
e 

  

Capacity 
  

Dem
and 

  

X   



•
Problem

atic joints lead to leaks 
•

Leaks accelerate degradation (corrosion, 
lack of pipe support) 

•
Leaks get larger w

ith tim
e 

•
W

ater loss 
  

Joint Failures 



•
Current practice for large diam

eter pipeline assessm
ent: 

•
Desktop studies 

•
Acoustic leak/gas pocket detection 

•
Electrom

agnetic Pipe Inspection for PCCP 
•

External corrosivity survey 
•

Pressure m
onitoring 

•
Test pits and pipe w

all assessm
ent 

•
Engineering and Statistical analyses 

     
    

    
 

 

C
urrent State of Technologies 



A
coustic Leak &

 G
as Pocket D

etection 

•
Leaks are often precursors to failures 
 

•
Transm

ission m
ain leaks m

ay contribute a significant 
am

ount to system
 leakage 

 
•

Gas pockets m
ay prom

ote corrosion (force m
ains), 

com
pound the effects of hydraulic transients, and 

reduce capacity 
 

 

   



U
tility N

o. 1 
U

tility N
o. 2 

U
tility N

o. 3 

Dist. 
M

ains 
Trans. 
M

ains 
Dist. 

M
ains 

Trans. 
M

ains 
Dist. 

M
ains 

Trans. 
M

ains 

Distance (m
iles) 

2,400 
2,900 

4,400 

N
o. of Leaks 

92%
 

8%
 

91%
 

9%
 

93%
 

7%
 

Avg. leak size (GPM
) 

2.3 
14 

1.9 
18 

4.5 
36 

Total leakage (GPM
) 

51%
 

49%
 

13%
 

87%
 

63%
 

37%
 

A
coustic Leak &

 G
as Pocket D

etection 



External 
•

Listening m
icrophones 

•
N

oise Loggers/Correlators 
 

Internal 
•

Free-sw
im

m
ing system

 
•

Tethered system
 

 

C
urrent State of Technologies 

     Acoustic leak/gas pocket detection 

 



Free S
w

im
m

ing S
ystem

s  
•

Long point-to-point 
transm

ission pipelines 
•

M
inim

al laterals 

 

Tethered S
ystem

s  
•

C
om

plex interconnecting 
netw

orks 
•

U
rban centers 

The noise of flow
ing w

ater in a large diam
eter pipe m

asks the sound of 
sm

all/m
edium

 sized leaks m
aking them

 harder to find w
ith external tools. 

Internal tools pass right over the leak.  

C
urrent State of Technologies 

     Internal Leak Detection O
ptions 

 



D
eterioration of PC

C
P M

ains 
•

W
ire breakage due to corrosion 

•
W

ire breakage due to hydrogen 
em

brittlem
ent 

•
Leakage 

•
M

anufacturing deficiencies 
•

O
ther (transients, overloading, third 

party dam
age) 

 



PIPES THAT CAN
 BE ACCESSED

 (TAKEN
 O

U
T O

F SERVICE) 
–

Electrom
agnetic Inspection – Structural Analysis 

–
Internal Pipe Inspection – Visual and Sounding 

–
External Pipe Inspection – Site Corrosion Study and 
Pipe W

all Inspection 
–

Pipe Screening – Design Review, Finite Elem
ent 

Analysis  
PIPES THAT M

U
ST REM

AIN
 IN

 SERVICE  
–

PipeDiver Electrom
agnetic Inspection 

–
Acoustic M

onitoring / Pressure Transient M
onitoring  

–
Leak Detection  

–
External Pipe Inspection – Site Corrosion Study and 
Pipe W

all Inspection 
–

Pipe Screening – Design Review, Finite Elem
ent 

Analysis  
LO

N
G

 TERM
 M

AN
AG

EM
EN

T  
–

Acoustic M
onitoring  

–
Transient Pressure M

onitoring  

PCCP Condition Assessm
ent M

ethods 



Electrom
agnetic Inspection M

ethods  
 

for PC
C

P 

Internal M
anned   

D
iam

eter: 36”+ 

Line P
reparation: 

D
ew

atered or 
D

epressurized 

M
anned and track 

system
s available 

R
obotic 

PipeD
iver 

D
iam

eter: 18”+ 

Line P
reparation: 

D
epressurized 

M
ulti-sensor 

inspection vehicle 
w

ith E
M

, C
C

TV, 
S

onar, G
IS

 m
apping 

D
iam

eter16”+ 

Line P
reparation:   

In S
ervice 

Free sw
im

m
ing tool 

ideal for long 
distance inspections 



H
ow

 does it w
ork? 

 •
P

restressing w
ires in 

P
C

C
P form

 a solenoid. 
•

G
enerating a m

agnetic 
field induces an electric 
current in the w

ires  
•

B
reaks in w

ire w
rap 

interrupt the current 
•

C
hallenge is to m

easure 
location and extent of w

ire 
dam

age 

Electrom
agnetic Inspection 



•
D

etects and quantifies w
ire break dam

age 
•

Provides estim
ate of w

ire breaks in each pipe section 
•

Provides location of w
ire breaks 

 Electrom
agnetic Inspection 



N
o Dam

age, 
approxim

ately 96%
 

Pipe Segm
ents w

ith 
M

anageable Dam
age, 

4%
 

Pipe Segm
ents in a 

State of Incipient 
Failure, less than 1%

 

PC
C

P Inspection H
istory 



External Corrosivity Survey 
•

Electrom
agnetic conductivity survey, soil resistivity tests, 

pipe/cell to cell survey at hot spot areas, inspect for rectifiers 
or other sources of stray current 

•
Soil sam

pling at potentially corrosive areas identified during 
corrosion investigation 

C
urrent State of Technologies 



Pressure M
onitoring  

•
Pressure transients above the design pressure of the pipe 
can cause the m

ain to fail (especially in corroded areas or 
joints) 

•
Accum

ulated pressure transients can eventually decrease the 
structural integrity of the pipe 

•
Standard pressure m

onitors sam
ple in intervals of seconds 

•
A pressure transient m

onitor sam
ples at a rate of up to 100 

sam
ples per second 

 

C
urrent State of Technologies 



C
urrent State of Technologies 



•
Excavation and external assessm

ent techniques 
–

Visual 
–

Coupon sam
pling 

–
M

etallurgical testing 
–

U
ltrasonic testing 

–
Pulsed or near field eddy current testing 

 

M
etallic Pipe A

ssessm
ent 



W
A

LL TH
IC

K
N

ESS TESTIN
G

 

•
Broadband electrom

agnetic 

•
U

ltrasound 

•
Im

pact echo 

•
M

agnetic flux leakage 
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W
all Thickness, inches 

Pit 5 



Inline Enhanced EM
 Pipe A

ssessm
ent 

•
Enhanced Electrom

agnetics 
•

Sim
ilar to PCCP assessm

ent 
technology 

•
Provides data on w

all loss for 
m

etallic pipe 
 

     
    

    
 

 



Extra High Resolution M
agnetic Flux Leakage 

•
Capable of collecting w

all deterioration through m
ortar 

coating 
 

C
urrent State of Technologies 



Extra High Resolution M
agnetic Flux Leakage 

•
Hetch Hetchy case study 

 

C
urrent State of Technologies 



Extra High Resolution M
agnetic Flux Leakage 

 

C
urrent State of Technologies 



Value of Pipeline M
anagem

ent 



G
etting to A

ctionable Inform
ation 

•
Interpreting condition assessm

ent data 
•

Forensic evaluations 
•

Visual and sounding inspections 
•

Structural analysis 
•

Soil sam
pling 

•
Groundw

ater sam
pling 

•
Pipe sam

pling 
•

Test pitting and inspection 
•

Pipe locating 
•

Hydraulic analysis 
•

Surge detection/analysis 
•

Estim
ate rem

aining useful life 
•

Root cause analysis 
•

W
all thickness m

easurem
ents 

•
Pipe repair design 

•
Pipe repair construction inspection 

•
Program

 m
anagem

ent 
•

Pipe inventory prioritization 

D
ata 

C
ollection 

A
ctionable 

Inform
ation 



C
onclusions 

•
Pressure pipes have historically been 
one of the m

ost difficult buried pipeline 
assets to inspect and assess 

•
Technology, assessm

ent, and 
rehabilitation techniques now

 exist to 
safely m

anage these assets 
•

In order to adequately m
anage force or 

transm
ission m

ains, a com
prehensive 

strategy m
ust be developed for each 

pipeline 
 

There is no “one size fits all” approach to 
com

prehensive pressure pipe 
m

anagem
ent! 

 

U
nderstand 

Assess 

Address 


