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Enbridge Energy Partners, LLP 
Straits Sections of Line 5 

Technology Update 



•
B

S
, M

S
, P

hD
 in C

hem
ical E

ngineering from
 U

niversity of 
M

ichigan 
•

Licensed P
rofessional E

ngineer, M
ichigan 

•
R

etired as S
enior S

cientist, The D
ow

 C
hem

ical C
om

pany after 
27 years 

•
26 U

S
 P

atents  
•

E
xpertise in all areas of chem

ical 
         engineering w

ith an em
phasis on  

         innovation, design, troubleshooting  
         and new

 business analysis 
•

H
ands on experience w

ith m
ost 

        petrochem
ical and refinery processes 

•
Last years of D

ow
 career devoted to  

        E
nvironm

ental O
perations and cleanup  

        technology 
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Enbridge Energy Partners 
Straits Sections of Line 5 

Technology U
pdate 
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Rusted Through Steel 
Bands used to Restrain 

W
ooden Slats 

Gravel “Arm
or” added 

 in 1980’s by  
Deroucher Dock and Dredge 

not 
O

riginal 1953 “Bed” 

Photo from
 N

W
F Report “Sunken Hazard”, 2012 

N
o Supports 

Pipe Laid Directly 
on the Lakebed 

w
ithout Discrete Support 

Enbridge Energy Partners 
Straits Sections of Line 5 

Technology U
pdate 

 
W

e have com
e a long w

ay! 
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Enbridge Energy Partners 
Straits Sections of Line 5 

Technology U
pdate 

 
O

utline 
 

•
Coatings, Holidays and Corrosion 
 

•
Cathodic Protection 
 

•
Currents and Stresses 

 
Tim

m
 Report 

 
Kiefner Report 

 
LaM

ontagne Report 
 •

Hydrotesting 
 

•
U

pcom
ing Events 

 
Proposed Consent Decree 

 
Alternatives Analysis 
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O
uter Fiberglass W

rap 

Inner Fiberglass W
rap 

Asphalt (?) Enam
el 

Rust Spot 

Coating Protective Fiberglass W
rap Delam

ination 
(Insert N

oun Here) Enam
el Prim

er/Coating 
and Rust 

•
Docum

entation regarding coating type is not definitive 
•

Enbridge has changed term
inology from

 “Coal Tar” to “Enam
el” 

•
It really m

akes a difference if it is coal tar or asphalt based 
•

Salvadori says “Asphalt” 
•

Failing coatings are the #1 problem
 of the vintage pipeline operator 

Jeff Didas, Colonial Pipeline com
pany  (M

aterial Perform
ance 3/1/17) 
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Pipeline Coating Integrity is Critical for M
inim

ization of External Corrosion Dam
age 

1953 E
asem

ent R
estrictions R

egarding C
orrosion P

rotection 
 “(8)  Cathodic protection shall be installed to prevent deterioration of the pipe 
  (9)

All pipe shall be protected by asphalt prim
er coat, by inner w

rap and outer w
rap com

posed of  
         glass fiber fabric m

aterial and one inch by four inch (1” x 4”) slats prior to installation.” 
 

1953 M
P

S
C

 O
rder R

egarding C
orrosion P

rotection 
 “The entire pipe line w

ill be properly cleaned,  prim
ed, and coated w

ith a single application of coal tar.   
The coating w

ill be reinforced by a spiral w
rap of glass m

aterial and covered by a spiral w
rap of special glass 

 outer w
rap.  Penetrations w

ill be m
ade for cathodic protection.” 

 
“Engineering and Construction Considerations for the M

ackinac Pipeline Com
pany’s Crossing of the  

Straits of M
ackinac” subm

itted by M
ackinac Pipeline Com

pany/Lakehead Pipeline Com
pany  

to the M
ichigan Departm

ent of Conservation, January, 1953 
 “After coating w

ith asphalt prim
er, fiberglass inner w

rap and an asbestos felt outer w
rap, and after attaching  

1” x 4” w
ood slats to the full circum

ference of the pipe, it w
ill be low

ered onto a previously prepared “bed”  
on the floor of the Straits.” 

•
E

nbridge docum
entation claim

s that the coating is a coal tar based in som
e docum

ents 
       and asphalt based in others.  Term

inology changed from
 “coal tar” to “enam

el” recently. 
 •

E
nbridge docum

entation m
akes no m

ention of slats or lagging. 
 

•
B

echtel probably based design life of line on probable coating life. 
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Current Induced Peeling of Protective Fiberglass W
rap 

Rust N
ever Sleeps 

Current Induced Peeling 
Current Induced Peeling 

“Hot” Corrosion  of 
Support Collar 

Due To 
O

ngoing Vibration 

Eventual Failure Point 
of  Steel Support 

Hanger Bolts Due to 
Stress Cracking Corrosion 
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Line 5 and Cathodic Protection 
 •

All pipelines installed since 1970 have Cathodic Protection system
s as required by CFR 

•
It w

ould not be possible to build pipelines out of steel w
ithout CP system

s 
•

Effective CP is a tricky business and lines m
ust be surveyed to assure efficacy 

•
Even a w

ell surveyed underground pipeline can rupture (eg. Enbridge Line 6b) 
•

Cathodic protection of an underw
ater pipeline in low

 conductivity fresh w
ater 

          presents unique challenges 
•

Apparently, the Straits sections of Line 5 has never had an effective CP survey 
•

Baker Hughes CPCM
 inspection tools are a developing technology 

•
Little is know

n about the lim
its of detection of this technology 

•
Even less is know

n about the ability of this technology to detect coating breeches in low
  

          conductivity fresh w
ater 

 
Cathodic Protection Survey Connection 

from
 Failed m

id-1980’s CP Survey Attem
pt 
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Line 5 and Cathodic Protection – W
est Leg CPCM

 Survey 2016 

  Significant findings in this CPCM
 inspection include: 

 •
Based on the am

ount of DC current and the DC current density on the line it appears the line has 
an excellent coating system

. 
•

There is very little total CP current on this line.  
•

The line has coal tar coating and it is not unusual to have low
 CP current density and low

 total CP 
current. 

•
There is noise in the CPCM

 data caused by speed variations, contact quality and pipe roughness 
and since the CP current is very low

 the noise level is a significant factor in data analysis. 
 Recom

m
endations: 

  •
Continue perform

ing standard CP m
onitoring and Rectifier and Bond m

onitoring as required by 
state and federal regulations. 

•
Identify the CP Source locations at each end of the pipeline and if possible install electrical 
isolation and bonds w

ith current m
easurem

ent shunts for future CP testing and inform
ational 

purposes. 
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Currents and Stresses,  Tim
m

 Report 

Conclusions 
 •

Currents stronger than the Line 5 design basis and previously unrevealed long, 
unsupported spans m

ay have seriously fatigued the m
etal in the pipe (>160’) 

 

•
The Straits sections of Line 5 cannot be considered fit for service until this subject has 
been thoroughly considered by experts in underw

ater pipeline integrity (DN
V) 

 

•
Consideration should be given to requiring shutdow

n and inspection of the pipe 
follow

ing an extrem
e current event in the Straits 
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Issues Regarding the Straits Sections of Line 5 – Stress Due to Current 

1953 Easem
ent:  “(10)  The m

axim
um

 span or length of pipe unsupported shall not 
      exceed seventy-five (75) feet.” (          ) 
1953 Engineering Report:  “U

nder no circum
stance should the unsupported span 

     exceed 140 feet.” (          ) 
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Evidence of Lateral Pipe M
ovem

ent from
 2012 and 2016 Inspection Videos 

Laterally Deflected Anchor from
 2012 Inspection 

Laterally Deflected Anchor from
 2016 Inspection 

Evidence of Lateral Pipe Slippage through Anchor  

Slippage 

Looking W
est 

Looking East 

13 
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2016 Enbridge Inspection Video 
W

est Leg, South End, Pipe Bend to the W
est at 15,900’ Chainage  

Pipe Deflection ~ 2.5
o 

14 

Girth W
eld ?

 



Exposure Point Erosion = 635’ 

2016 W
est Leg, South End 

1964/79 W
est Leg, South End 

Southern Exposure Point 

Southern Exposure Point 

Location of O
bserved Bent Pipe 
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m
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Com
parison of Line 5 Bottom

 Profile Draw
ing from

 2016 w
ith 1964/79 Draw

ing  

Pipe M
ovem

ent Plots from
 LaM

ontagne ILI Sum
m

ary Report 

Conclusion: 
Bent pipe observed 

on 2016 Video 
occurred 

before the 2005 
inspection 

15 
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Enbridge 2012 and 2016 U
nderw

ater Inspection Video 

•
At tim

es, stronger currents (2-3 ft/s) ham
pered dive operations but never         

becam
e a problem

 during survey operations 
 

•
Furtherm

ore RO
V video inspection and AU

V data collection show
s that the 

pipeline currently appears to be in stable condition w
ith m

inim
al coating 

delam
ination or nearby obstruction concerns 

 

•
Anchors to be added to a pre existing engineering bend in one of the 
pipelines.  N

o m
ention of this in previous Ballard inspection reports 
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“The exposed portion of the pipeline is heavily covered in zebra m
ussel grow

th, m
aking a  

detailed analysis of the coating and actual pipe condition im
possible” 

W
illiam

 Scheutte, Hydrographics M
anager,  Veolia ES Special Services, Inc., 2012. 

Enbridge 2012 and 2016 U
nderw

ater Inspection Video - 2 

A current velocity of 0.6 m
ph is in the top 10%

 of current events 
6/13/16 

Video 
6/14/16 

Video 

ET Conclusion:  About 20%
 of the 20” line can be visibly inspected and Scheutte’s 

com
m

ents apply to that 20%
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Kiefner Report on Currents and Stresses in Line 5 
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Kiefner Report on Currents and Stresses in Line 5 
Enbridge Current Velocity Data 

Conclusions Regarding Enbridge Current Data 
•

Location of current velocity sensors unknow
n 

•
Type of current velocity sensors unknow

n 
•

Current sam
pling averaging tim

e unknow
n 

•
Data is not referenced in report 

•
Q

uality of data is unknow
n 

•
Contractor responsible for project is unknow

n 
•

Reference 12 looks interesting! 
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Kiefner Report on Currents and Stresses in Line 5 
Kiefner Analysis Discussion 

Conclusions 
 Codes, Standards and Regulations Section 
     Pipeline is considered an O

ffshore Pipeline under the offshore sections of ASM
E B31.4 

 Engineering Analysis of Spans Section 
     Static analysis of span stresses, does not consider stresses added by currents! 
     Recom

m
ends that spans greater than 75’ could be safely perm

itted 
     Discloses and supports Enbridge 140’ threshold for taking support action 
     Concludes that spans of 155’ to 195’ m

ay be safe w
ith disclaim

ers 
     Reveals that Enbridge has allow

ed unsupported spans of up to 286’ in the past. 
        1964/79 “As Built” blueprint only revealed three spans longer than 140’     
Does not discuss the “overturning m

om
ent” caused by currents on long spans 

 Effects of O
perating Conditions Section 

     Raises som
e new

 concerns about how
 the line w

ill accom
m

odate therm
al expansion 

          in supported sections 
 Support O

ptions Section 
     Recom

m
ends screw

 anchor supports w
here there is clearance to install them

 and grout 
          filled bags w

here there is no clearance for screw
 anchor installation 

     Considers option of burying the entire line in rock.......! 
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Kiefner Report on Currents and Stresses in Line 5 
Kiefner Analysis Discussion - 2 

Conclusions 
 

Vortex Induced Vibrations Section 
      Q

uestionable analysis of Enbridge supplied current data 
          N

o discussion of turbulent flow
 field in Straits 

          N
o discussion of the im

portance of instantaneous current velocity data and the m
asking 

               effect of averaging tim
e 

          Fails to recognize and quantify the im
portance of extrem

e current events as docum
ented 

               by Schw
ab (2013) and m

any other authors 
          Fails to recognize the m

eteorological events that drive extrem
e currents 

          Does not use appropriate statistical m
ethodology for hunting “Black Sw

ans” 
          If the report’s conclusions about the current velocities under the Straits are correct, 
               Line 5 w

ould not be suffering from
 w

ashout problem
s! 

      Q
uestionable Analysis of Fluid Phenom

ena and Resulting Bending and Fatigue 
          N

o discussion of the possibility that extrem
e current events could plastically deform

 
               (bend) long unsupported spans 
          N

o recognition that reversing currents could bend the line back and forth causing m
etal 

               fatigue over 50 years (The w
ord fatigue does not appear in the report) 

          Author is obviously w
eak in his fluid m

echanical understanding about bluff body flow
 

               in a turbulent flow
 field (Author doesn’t recognize flow

 in the Straits is turbulent) 
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Kiefner Report on Currents and Stresses in Line 5 
Kiefner Analysis Discussion - 3 
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0
1
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Entrained Particle Diameter, (mm)

Current Velocity, (m
ph)

120 Foot Depth

200 Foot Depth

Tail Risk as a Function of Current Velocity 

Particle Entrainm
ent Velocity Com

puted from
 the Levillain Equation 
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Flaw
ed Conclusion from

 2016 LaM
ontagne ILI Review

 

“C
ra

ck-Like Anom
alies 

  Th
e 2

0
1

4
 u

ltra
so

n
ic in

sp
ectio

n
 fo

r circu
m

feren
tia

l “cra
ck-like” a

n
o

m
a

lies id
en

tified
 3

9
 th

a
t w

ere a
ll 

at the m
inim

um
 tool reporting depth of 5%

, save one at 6%
. Sixteen w

ere described as potential 
notches. Three w

ere excavated for field interpretation and found to be innocuous m
anufacturing 

rela
ted

 m
a

rks o
n

 th
e p

ip
e. A

 fa
tig

u
e a

n
a

lysis w
a

s m
a

d
e em

p
lo

yin
g

 th
e m

o
st recen

t yea
rs’ o

p
era

tin
g

 
pressures. All of the delineated anom

alies had a rem
aining life of greater than 50 years.” 

  
Conclusion from

 Tim
m

 Report on Stresses and Currents 
 “It is clear from

 this report that the possibility of m
etal fatigue from

 bending stresses due to  
current velocities that exceed the design basis of the pipeline w

ere not considered w
hen  

determ
ining that this pipe has a rem

aining fatigue life of greater than 50 years.”  
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Flaw
ed Conclusion from

 2016 LaM
ontagne ILI Review

 - 2 

E. E. Tim
m

, PhD, PE Conclusion 
 1.  Because the LaM

ontagne ILI review
 only looked at pipe position data from

 the period 
2005 through 2013 and did not reconcile this w

ith any underw
ater inspection data 

they m
issed pipe m

ovem
ent that occurred before 2005 

 2.  Because the visual inspection data show
s the pipe w

as bent before the ILI data w
as taken, 

LaM
ontagne’s conclusion that pipe deflection has added negligible stress or strain to this  

portion of Line 5 is flaw
ed. 

 3.  The approxim
ate 2.5

o deflection show
n in the 2016 inspection video occurs over a sm

all 
length of pipe.  This deflection has added a significant am

ount of stress and strain to the 
pipe and, especially if there is a girth w

eld near the apex of this deflection, this situation  
requires detailed analysis to prove fitness for service 

24 

     “ 
  

 
 

                “  
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Com
m

ents Regarding Hydrotesting 

Reference:  “The Benefits and Lim
itations of Hydrotesting”, Kiefner, J. F. and M

axey, W
. A. , 2013 

 
Industry Expert O

pinion 
For a pipeline of this criticality, a volum

etric hydrotest to yield is the best w
ay to assure integrity 

 Q
uestion from

 Anabel Dryw
er, Esq regarding the proposed Enbridge hydrotest of the Straits sections 

of Line 5:  “Should Enbridge be required to hydrotest Line 5 during an extrem
e current event ? 

Enbridge Proposed Hydrotest Pressure = 1200 psi 
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U
pcom

ing Events 
 

Task 3.4 from
 the Biota Report for the Consent Decree 

  
3.4 Engineering Stress Analysis 

 
A structural engineering firm

 w
ill be engaged to conduct an engineering stress analysis considering the im

pact of biota 
 

on the integrity of the pipelines suspended above the floor atthe Straits. The analysis w
ill include the follow

ing: 
  

• An allow
able suspended span length of the pipeline w

ill be calculated to include the biom
ass along w

ith operating 
 

loads, drag forces, buoyant w
eight, etc. A sensitivity analysis w

ill be also com
pleted on the im

pact of the biota m
ass to 

 
allow

able span length. 
  

• Vortex induced vibration (“VIV”) assessm
ent w

ill be also perform
ed to determ

ine the m
ode shape and associated 

 
vibration periods of pipe free spans w

ith various lengths and the assessed biom
ass. A sensitivity analysis w

ill also be 
 

com
pleted on the im

pact of the biota m
ass to allow

able span length as part of the VIV assessm
ent 

 

 
M

ichigan PSAB Alternatives Analysis, O
ption 5 
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