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DEFINITIONS 

Area(s) of Interest  
An Area of Interest is a part of the pipeline where, based on visual inspection, (i) the normal (local) 

Biota is unexpectedly absent or (ii) there is evidence of possible coating damage (e.g., Dislodged 

Coating and/or potential Holiday). Disturbed Areas (see definition below) are not Areas of Interest as 

the lack of Biota can be attributed to past maintenance and monitoring activities.  

Biota 
Animals and plants living around and on the pipelines through the Straits (e.g. mussels, periphyton, 

algae, microbes) 

Dislodged Coating
An area on the pipeline where, based on visual inspection, the outer wrap of the coating appears to 

have been dislodged or removed without exposure of the pipe steel. 

Disturbed Area  
An area on the pipeline where past maintenance and monitoring activities resulted in the removal of 

Biota but does not represent damage to the pipe coating.  

Holidays  
An area on the pipeline where there is a discontinuity in the coating that exposes the pipe steel to the 

environment. 

Undisturbed Area
An area on the pipeline where there is no evidence of any loss of Biota (or pipe coating).  
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1.0 Introduction 

Enbridge Energy, Limited Partnership (Enbridge) will be required by federal consent decree 

(Case 1:16-cv-00914, ECF No. 3 filed 07/20/16), once the decree is entered, to conduct 

measures to prevent spills in the Straits of Mackinac (Subsection VII.E of the consent decree). 

The consent decree contains requirements specifically focused on the two 20-inch diameter 

pipelines (“Dual Pipelines”) that span the Straits of Mackinac (“Straits”) as part of Enbridge’s’ 

Lakehead System Line 5 pipeline (“Line 5”).  

Per the consent decree, Enbridge must conduct an investigation (“Biota investigation”) to 

assess whether any of the Biota found on the pipeline impact the integrity of the Dual 

Pipelines. Prior to undertaking that effort, Enbridge must submit to the United States 

Environmental Protection Agency (“USEPA”) for approval, a proposed plan for the Biota 

investigation described in Subparagraph 69.a. This document details Enbridge’s plan for a 

Biota investigation that will satisfy requirements of the consent decree listed in Subparagraph 

69.a. Enbridge anticipates the information obtained from this investigation will complement the 

information gathered during integrity monitoring activities already undertaken by the company. 
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2.0 Consent Decree Requirements  

The consent decree includes three requirements (“assessments”) that must be part of 

Enbridge’s Biota investigation. Those assessments are listed below and associated efforts 

presented herein are designed to provide information to address the requirements in the 

consent decree. The assessments were not numbered in the consent decree but have been 

numbered in this document for consistency in referencing the assessments.  

• Assessment 1: “…..assess whether the accumulation of mussels and other Biota 

have impacted the integrity of the pipelines’ coating or the underlying metal, 

including areas where there are openings or “holidays” in the pipeline coating.” 

• Assessment 2: “…..evaluate whether the mussels and other Biota are creating a 

corrosive environment by, among other things, fostering the growth of anaerobic 

sulfate-reducing bacteria (“SRB”) that may cause metal loss.”  

• Assessment 3: “…..evaluate whether mussels and other Biota are introducing 

features that may threaten the integrity of either of the Dual Pipelines due to the 

weight of such biomass or the pressure caused by current or ice movement around 

such biomass in areas where the pipelines are suspended above the floor of the 

Straits.”  
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3.0 Methods 

Prior to development and submittal of this Biota Investigation Work Plan (“Plan”), Enbridge 

conducted literature searches and reviews of key topics and issues to aid in identifying, 

developing, and proposing use of appropriate methodologies, assessments, and analyses that 

could best address the requirements of the consent decree. Additional scoping efforts included 

assessing video-photography of the Dual Pipelines from 2014 and 2016 and overlaying 

pertinent pipeline and resource data. Those preliminary efforts have facilitated development of 

this Plan. Opportunistic testing of techniques and methodologies will enable subsequent 

sampling and monitoring efforts to be more effective.   

3.1 Literature Searches 
Literature searches and reviews included, but were not limited to, limnological data of the 

Straits, physical and chemical features of aquatic Biota previously observed on the pipelines, 

field data collection methodologies, cathodic protection, and SRB. Appendix A provides a 

bibliography of the literature reviewed.  

3.2 Coating Inspections 
In order to address Assessments 1 and 2 of the Consent Decree, this plan incorporates 

pipeline coating tests, inspection and documentation at Areas of Interest. A total of 18 

representative Areas of Interest1 were selected for the coating inspection – 11 on the East 

Pipeline and 7 on the West Pipeline.  These 18 sites were identified during the video surveys 

and selected based on their appearance, distribution through the four limnologic zones, and 

proximity to other dive locations (e.g., locations where screw anchors will be installed in 2017).  

Visual criteria used to select these sites include: (1) the normal (local) Biota is unexpectedly 

                                                 

1 In previous versions of this Plan, these Areas of Interest were variously referred to as “holidays”, “dislodged 

coating’ and ‘delaminations’ – and this inconsistency in terminology has led to confusion.  Until diver examinations 

are completed per this study, the exact nature of these features is unknown. It is for this reason that Enbridge has 

selected them for direct examination. 
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absent (and the disruption is not consistent with Biota removal caused by past maintenance 

and monitoring activities) or (2) there is evidence of possible coating damage.   

The locations of the 18 Areas of Interest are identified in Figures 1, 2 and 3. These Areas of 

Interest will be inspected to establish the condition of the pipe and coating (i.e., Disturbed 

Area, Dislodged Coating or Holiday), measure the size of the area, report the presence of 

corrosion and, if present, determine cathodic protection levels at Holidays. Seven (7) of the 18 

Areas of Interest shown in these Figures also coincide with locations at which Biota sampling 

will be conducted to address Assessment 3 of the Consent Decree (described later in Section 

3.3 and Table 1). 

Thickness readings of the coating will also be measured using an underwater, ultrasonic 

thickness gauge to assess the condition of the coating. Biota, if present, will be removed prior 

to the coating thickness measurements.  As shown in Figure 4 and described below, the 

thickness measurements will be collected at each (i) Area of Interest and (ii) at the 

Undisturbed Areas adjacent to the Area of Interest.  

i. Area of Interest: Three thickness measurements shall be taken at equal distances 

downstream from the center of the Area of Interest as close to as possible to the 9, 

12, and 3 o’clock positions around the pipe, respectively.  Three thickness 

measurements shall be taken upstream from the center of the Area of Interest as 

close as possible to the 9, 12, and 3 o’clock positions, respectively. If the Area of 

Interest exceeds 6 square feet, additional thickness measurements shall be taken 

at a frequency of 3 measurements (9, 12, and 3 o’clock positions) for every 

additional 6 square feet.   

ii. Undisturbed Area:

a. Within two inches of the Area of Interest (as determined by the diver). Three 

thickness measurements shall be taken at equal distances downstream from 

the Area of Interest as close to as possible to the 9, 12, and 3 o’clock positions, 

respectively.  Three additional thickness measurements shall be taken at equal 

distances upstream from the Area of Interest as close to as possible to the 9, 

12, and 3 o’clock positions, respectively.   

b. At least five (5) feet from the Area of Interest (as determined by the diver). 

Three thickness measurements shall be taken at equal distances downstream 
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from the Area of Interest as close to as possible to the 9, 12, and 3 o’clock 

positions, respectively.  Three (3) thickness measurements shall be taken at 

equal distances upstream from the Area of Interest as close as possible to the 

9, 12, and 3 o’clock positions, respectively.   

In addition to the 18 Areas of Interest, three (3) additional sites have been identified by the 

Enbridge marine contractor as being valuable to investigate further.  The locations of these 

areas are identified as “Additional Site” in Figures 1, 2, and 3.  These sites will be investigated 

using the same protocol described above for the 18 Areas of Interest.  CP measurements 

(Section 3.2.1) and Biota sampling (Section 3.5.3.2) will be taken if Holidays are found.  

3.2.1 Cathodic Protection Evaluation
Cathodic protection readings will be taken at each Holiday area that may be found.  The diver 

will utilize a hand-held bathycorrommeter dual element probe, specifically a 

 that is a product of , Houston, 

Texas, for those measurements. 

Three potential measurements shall be taken at any Holiday area that may be found to 

evaluate levels of cathodic protection. The video camera attached to the diver shall assist in 

recording the measurements obtained from the and in providing visual observations 

of the Holiday area. Readings will not be taken of any coated portions of the pipe since the  

requires a metal contact to obtain a reading. 

Data collected during this investigation will be evaluated by one of Enbridge NACE Accredited 

CP Specialists prior to incorporation into Enbridge’s Cathodic Protection Data Management 

(CPDM) system as a unique survey. Data collected during this evaluation will be correlated 

with the most recent cathodic protection in-line inspection results. 

3.3 Biota Study Zones and Sampling Locations 
Proposed locations for surveying and obtaining aquatic Biota samples were determined based 

upon a wide range of information. Primary factors included video-photography from 2014 and 

2016 coupled with a literature review of limnological information on the Straits.  

Assessment of underwater video determined that within both the northern and southern 

shallow water zones where the pipeline was visible (not buried beneath the bottom substrates) 

there was a mixture of submergent aquatic vegetation, algae, periphyton, and mussels.  As the 
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Dual Pipelines extended into deeper water, the density of filamentous algae and macrophytes 

diminished, and the density of mussels increased.  The approximate “break point/depth” where 

vegetation began to diminish occurred between water depths of 100 to 120 feet.  This depth 

and reduction in plant growth correlates with expected euphotic zones for Lake Michigan 

which range from approximately 60 to 100 foot water depths (Lake Access 2016).   

Underwater video-photography provided useful information in identifying general types of 

aquatic Biota present and changes in composition and density of that aquatic Biota at various 

depths and locations on and around the pipes. Figures 5 and 6 summarize qualitative 

observations made of the aquatic Biota on the east and west pipelines, respectively, using 

2014 and 2016 video-photography. A review of 2016 video-photography for both pipelines 

indicated that the composition and density of Biota along both pipelines were similar to one 

another, and that findings presented were representative of both pipelines (Enbridge, 2016). 

Using the video-photography information, four zones were established based upon physical, 

limnological, and biological features associated with various water depths of the Straits across 

both the Dual Pipelines.  Figure 1 shows the location of the four zones across the east and 

west pipelines. The four zones for the east and west pipelines and a basic description relative 

to each are provided below:  

• Zone A – 50- to 100-foot water depth; periphyton most abundant; mussels present   

o There is a Zone A at the northern and southern ends of each of the Dual 

Pipelines.  

• Zone B – 100- to 150-foot water depth; periphyton moderate, mussels moderate. 

o There is a Zone B at the northern and southern ends of each of the Dual 

Pipelines. 

• Zone C – 150- to 200-foot water depth; periphyton sparse, mussels most abundant 

o There is a Zone C at the northern and southern ends of each of the Dual 

Pipelines. 

• Zone D – Over 200-foot water depth; mussels abundant 

o There is only one Zone D as it represents the deepest zone of each of the Dual 

Pipelines. 
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As shown in Figure 1, starting from the North Bank of the Straits, each pipeline passes through 

zones A, B, and C before reaching the deepest zone (D), and then through C, B, and A before 

passing out of the Straits via the South Bank.   

In order to address Assessment 3 of the Consent Decree, Biota will be collected at two (2) 

sampling sites from each limnologic zone on each pipeline (see Figure 1). This approach will 

result in eight (8) sampling sites on each pipeline with four (4) sampling sites within each zone. 

A primary focus of this Biota sampling is to establish mass and volume of the Biota, which will 

be used in calculations to assess the forces acting on the pipelines. The level of effort being 

conducted within each zone provides for evaluation of variability among surveys, samples, and 

measurements taken within each zone. Details of these surveys, sampling, and 

measurements are discussed further in Section 3.5. If a Holiday is found, Biota sampling will 

follow methods described in Section 3.5.4.  

The proposed Biota sampling locations within each zone also included locations with 

suspended and non-suspended pipe, areas of expected elevated water currents, and Areas of 

Interest, and took into account dive logistics. Areas where pipe was suspended above the 

bottom of the lake were selected over areas where the pipe was partially buried in the lake 

bottom to enable surveys, measurements and sampling to occur around the full diameter of 

the pipe.  

3.4 Biota Sampling Field Testing 
Specific Biota sampling protocol described below will be field tested prior to collecting Biota 

samples from the Dual Pipelines. Field testing will be conducted in another location of Lake 

Michigan through a series of shallow water dives to ensure the methods described below can 

be safely executed by the diver while maintaining data/sample integrity. These dives will test 

the effective use of diver communication and video techniques to ensure adequate 

communication with the biologist on the barge during sample observation and collection. Field 

testing will also ensure effective communication between the diver and biologist on providing 

randomly generated numbers which the diver will use to move up-current to randomly 

generated sampling locations (when not at a specific Area of Interest), where and how to 

collect samples, take measurements and readings, and in transferring of samples to the water 
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surface (dive boat). Any changes to the protocols to increase safety, communication, and/or 

integrity of the data collection will be provided to the USEPA for approval prior to conducting 

the described work within the Straits. 

3.5 Biota Surveys, Measurements, and Sampling
In evaluating appropriate sampling methods to use, literature searches and reviews provided 

few articles or studies where Biota samples were being collected from deep freshwater 

structures for analysis.  Many of the references were from marine environments and were 

associated with saltwater corrosion issues and/or aquatic Biota that are not present in the 

freshwater of the Straits (Castaneda and Benetton, 2008; Duperron, 2010; Moura et al., 2013). 

The overall paucity of references dealing with Biota collection in deep freshwater environments 

necessitated adapting sampling methodologies and principles utilized in marine environments 

for use in the Straits (Gale and Thompson, 1975; Hicks and Oster, 2012; Kikuchi et al., 2006; 

Purcell, 1996; Purcell and Bellwood, 2001; Water Research Foundation, 2015).     

Based upon discussions with marine contractors who have conducted maintenance related 

activities for Line 5, a professional diver will be required to perform the proposed visual survey, 

data collection, and sampling tasks given that pipeline sampling locations range from 

approximately 65 to over 225 feet below the water surface of the Straits.  Surveying, data 

collection, and sampling methods were selected to address the requirements of the consent 

decree while also being manageable by a diver operating at those extreme depths using 

gloves and necessary safety gear.  The conditions also require that the size and number of 

sampling containers be kept at a minimum while still maintaining the integrity of the samples 

and not impacting subsequent testing and analysis.  

Each diver will be equipped with a video camera so that visual surveys and data collection 

activities can be observed and directed (as necessary) by surface staff to ensure data is being 

collected accurately and scientifically. Field data and Biota samples will be obtained as 

effectively and efficiently as possible, while also adhering to safety and time constraints 

imposed from working in various water depths and underwater currents associated with the 

Straits. Dive times will be limited to approximately 30 minutes or less when operating at depths 

greater than 120 feet. 
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Enbridge (2016) identified that the apparent density of mussels and other Biota on the Dual 

Pipelines varied based upon water depth and past maintenance and monitoring activities.  In 

some areas, past maintenance and monitoring activities have disturbed or removed the 

normal local amount of Biota, such sites would be poor choices for addressing Assessment 3.  

Should a Biota site coincide with an area where Biota has been previously disturbed 

(Disturbed Area), the diver is directed to relocate a maximum of 100 linear feet to reach an 

area of undisturbed Biota (Undisturbed Area). If all areas in that 100-linear-foot span have 

been disturbed by past monitoring activities, the samples shall be taken within the Disturbed 

Area (as it represents existing and representative conditions of that site). This location 

selection criterion applies to all survey and sampling activities outlined below. 

3.5.1 Visual Biota Surveys 
At the 16 Biota sampling sites, video-photography will be used to provide a visual record of the 

Biota associated with various sections of the Dual Pipelines, the general appearance/condition 

of the Dual Pipelines, and to document the field sampling process.  Prior to collecting samples, 

a slow pan view of the sampling site will be taken.  

The slow pan view will enable qualitative characterization of the relative level of mussel 

colonization on the pipe (i.e., heavy, moderate, sparse, or none).  In addition, multiple layers of 

Biota, if present, will be noted in areas where samples are to be collected.  The divers, in 

communication with a biologist, will also be trained with reference cards to identify the relative 

level of mussel colonization.  The reference cards to be used are included in Appendix B.  The 

slow pan or other video-photography footage obtained throughout the sampling dive may also 

provide data on the presence of fish species or macroinvertebrates that may be utilizing the 

pipelines for habitat (e.g., feeding and cover sites). Where positive identifications can be made 

by the diver or biologist(s) reviewing the video-photography, the data will be recorded to the 

lowest possible taxa.   

Special attention will be given to any areas where Biota have been disturbed and Areas of 

Interest. Those areas will be closely inspected by the diver(s) allowing for additional video 

footage to be collected of those areas for further review.  
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3.5.2 Biota Measurements 
To avoid potential bias, upon arrival at one of the 16 Biota sampling locations the diver will 

receive a randomly- generated number (ranging from 1 - 100 feet) from a person on board the 

boat. The diver will then proceed into the current (or to the north) that given distance and 

commence Biota measurements.  

Once the diver has arrived at the random location, the thickness of Biota on the pipelines will 

be determined. The circumference of the pipeline will be measured at three locations with a 

flexible tape measure. Once that measurement has been recorded, a “clean pipe” 

circumference measurement should be taken in the same location as the previous 

measurement. To do that, the diver should gently, but comprehensively, remove all attached 

material (mussels, periphyton, etc.) from the pipeline and re-measure the circumference. A 

combination of a narrow plastic putty knife and nylon scrub brush will be used to remove 

attached material. The process will be repeated at two additional locations that are 

approximately three feet and six feet up-current from the initial location. That information will 

be useful in calculating point estimates of Biota thickness at those specific locations on the 

pipeline. It is important to note that circumference measurements can only be taken at 

locations where the pipelines are elevated off the lake bed (i.e., not partially or fully-buried).   

3.5.3 Biota Sampling 
Biota samples will be taken up-current of the Biota measurements (Section 3.5.2 Biota 

Measurements). Taking these samples up-current of the Biota measurements will minimize 

disturbances, turbidity, and any possible sample impacts or biases to the Biota sampling. 

Collection of Biota from the Dual Pipelines will include all Biota attached to or surrounding the 

pipelines, including mussels, macrophytes, periphyton, biofilm, etc. Biota will be collected in 

accordance with the protocol outlined below with the intent of collecting complete samples with 

little to no loss of Biota. Biota will be evaluated and analyzed as presented in Section 4.0 

Analysis. 

Prior to collection of Biota samples, sampling containers (pre-labeled with a unique sample 

identification number [ID]) will be held in front of the video camera so that the sampling 

location and associated unique sample ID(s) can be documented. 
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Once the Biota sampling site has been identified (up-current or north of the Biota 

measurements), a set of paired samples will be taken from every designated location on or 

around the pipe. Biota samples will be collected using a container similar to that used by 

Purcell (1996). The sampling containers for the Biota samples need to enclose a fixed surface 

area on the pipe to enable quantification (number of mussels per square inch) of the total 

surface area sampled at each site. At this time, it is expected the containers will enclose 

approximately 10 to 16 square inches (Figure 7). 

The containers will be compact so divers can effectively transport numerous containers, 

handle, and use them at depth within their limited dive times. The containers will be pre-filled 

with lake water to ensure neutral or negative buoyancy. Prototype containers and proposed 

collection protocol (described below) will be field tested, and refined if necessary, prior to Biota 

sampling on the Dual Pipelines. 

The Biota sampling container will consist of a four (4) inch diameter circular plastic pipe, 

synthetic nylon screen (e.g., bolt cloth-Nitex), end caps, and water pressure release valve (i.e., 

vent) with a screw-in end cap (Figure 7). One end of the sampling container will be affixed with 

screen, end cap, and vent and the other end will be open for collection of the Biota sample. 

The end caps for the container and vent will be tethered to the sampling container to prevent 

loss of end caps during the collection process. A thin, flexible blade, such as a plastic putty 

knife, will be slid in between the wall of the pipeline and the sampling container to dislodge 

Biota from the pipeline up into the container. The dislodged material will be captured inside the 

sampling container. Mussels that are outside of the sampling container will not be included in 

the sample unless the majority of the length of the mussel is within the interior portions of the 

container. The blade will be used to push mussels into the interior of the sampling container or 

to pull them out from the container (where the majority of the mussel is outside of the 

container). At that point, the sampling container will be carefully removed from the pipeline 

ensuring that the blade is held against the open end of the sampling container to minimize 

sample loss. The diver will place the end cap on the blade then slowly remove the blade so 

that the end cap can be pushed on to the open end of the container. The small vent will allow 

water to escape, yet retain material scraped off the pipeline due to the screen inside the upper 

part of the container.  The container will be returned to the surface and the sample extracted 

and placed into storage bags as described in Section 3.5.4 Sampling Handling and 

Preparation. The final sampling container and method used to collect Biota samples, as part of 
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implementing this Plan, is expected to undergo additional modifications and refinements to 

those currently presented.  Containers and protocol will be field tested and any subsequent 

improvements to the containers and methods will be made to increase the divers’ ability to 

handle and maintain the integrity of the samples being collected (i.e., minimize sample loss 

and obtain samples from a defined area).  

At the sixteen (16) Biota sampling locations shown in Figure 1, Biota samples will be collected 

following the protocols described above. Samples will be taken from four different positions on 

the pipelines (top, both sides, and the bottom).  A set of two samples will be taken from each 

of the four (4) positions for a total of eight (8) sampling containers per sampling location 

(Figure 8). Spacing of the paired set of samples will be as close to one another as possible but 

without adversely affecting the integrity of the sample locations or the collected sample. 

Samples will not be collected from the bottom of the pipeline if it is not accessible due to safety 

hazards or because the bottom is in contact with the lake bed. The paired samples will be 

numbered as belonging to either Set 1 or Set 2. Half of the samples (one from each pipeline 

position) will be used to obtain Biota community data (e.g., mussel count) described in Section 

4.1 Biota Counts/Densities/Weight and the other half will be used for testing for the presence 

or absence of SRB or acid producing bacteria (“APB”) as described in Section 4.2 

Presence/Absence Bacteria Testing. Set 1 or Set 2 will be randomly assigned (coin flip or 

random number generator) for either SRB/APB testing or to be sent to the ecological lab for 

Biota community data. 

As discussed above, a stratified sampling design has been selected based on the visual 

observations of Biota on the Dual Pipelines and the establishment of four zones. The zones 

represent varying degrees of biomass accumulation that correlate to water depth, depending 

on the development of the periphyton/macrophyte and mussel assemblage, including 

microbial biofilm development.  The zones also represent potential differences in biomass 

accumulation depending on whether the zone is on the north or south side of the Straits.     

One sample site has been established in each zone with the exception of Zone D where two 

sample sites have been established. This provides for eight (8) sample sites for the east and 

west pipelines for a total of 16 sample sites across the Dual Pipelines (Figures 1-3). Biotic 

samples will be collected from the Undisturbed Areas to examine the extent to which the 

biomass of the plant-microbial biofilm layer or mussel layer vary with respect to location 
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around the pipe.  The data will be graphically displayed to identify potential patterns in 

biomass accumulation by different zones and by different positions around each pipeline.  The 

total biomass and individual biomass components (e.g., plant-biofilm biomass or quagga 

biomass) for each stratum will be analyzed using a mixed model analysis of variance 

(ANOVA) to examine whether there are differences in the biomass with respect to zones or 

position on the pipeline.  Further comparisons may prove to be meaningful if statistical 

differences are noted.  

3.5.3.1 Biota Sampling at Areas of Interest 
A total of seven (7) representative locations were selected for the Biota sampling at Areas of 

Interest – 3 on the East Pipeline and 4 on the West Pipeline.  The locations of the seven (7) 

areas of interest that will be sampled are identified in Figures 1 – 3.  Biota samples will be 

collected following the protocols described above (3.5.3).  Collection of samples will 

commence at the down-current location first (i.e., diver facing into the current) to minimize 

disturbances, turbidity, and any possible sample impacts. A set of two samples will be taken 

from the Area of Interest and another set of two samples will be taken outside of the Area of 

Interest at the same position on the pipe.  That will yield a total of four (4) samples per 

sampling location. One of the two Area of Interest samples will be used to obtain Biota 

community data as described in Section 4.1 Biota Counts/Densities/Weight and the other for 

testing for SRB and APB as described in Section 4.2 Presence/Absence Bacteria Testing.  

The sampling design of the Areas of Interest has been structured to provide paired biomass 

data to evaluate whether these areas provide a more desirable/suitable area for periphyton-

microbial biofilm development or quagga mussel attachment when compared to immediately 

adjacent coated area (see Figure 9).  Results of Area of Interest sampling will provide insight 

as to whether the accumulation of mussels or other Biota have impacted the integrity of the 

pipeline.  The biomass data will be graphically displayed to identify potential patterns in 

biomass accumulation at these Areas of Interest, and determine whether statistical differences 

in biomass accumulation exist in those areas where the coating has been disturbed. 

3.5.3.2 Biota Sampling at Any Holiday Found 
Currently there are no known Holidays on the pipeline.  However, Biota will be sampled from 

any Area of Interest that is found to be a Holiday. A set of two samples will be taken from 

within the Holiday and two samples outside of the Holiday (at the same position on the pipe as 
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the Holiday area samples [Figure 9]).  That will yield a total of four samples per sampling 

location. One of two samples taken from the Holiday and non-Holiday area will be used to 

obtain Biota community data as described in Section 4.1 Biota Counts/Densities/Weight and 

the other for SRB and APB testing as described in Section 4.2 Presence/Absence Bacteria 

Testing.  

The sampling design of the Holidays has been structured to provide paired biomass data to 

evaluate whether these areas provide a more desirable/suitable area for periphyton-microbial 

biofilm development or quagga mussel attachment when compared to immediately adjacent 

coated area (see Figure 9).  Results of sampling of any Holiday found will provide insight as to 

whether the accumulation of mussels or other Biota have the potential to impact the integrity of 

the pipeline.  The biomass data will be graphically displayed to identify potential patterns in 

biomass accumulation at these Areas of Interest, and will be used to determine whether 

statistical differences in biomass accumulation exist in those areas where the coating has 

been disturbed. 

3.5.3.3 Additional/Opportunistic Sampling  
If Dislodged Coatings are found along the lake floor or, at the discretion of the diver, are easily 

removed from the pipe without affecting the integrity of the glass inner wrap and enamel 

coating, their location shall be first surveyed, inclusive of its surroundings, using a slow pan 

view of the site. The sample and any attached Biota shall be carefully bagged and sealed in a 

bag with a unique sample ID. The location and sample depth of where the sample was 

collected will be recorded by the field sampling team. Upon collection of the Dislodged 

Coating, the pipeline shall be visually inspected by the diver to identify the source of the 

Dislodged Coating if possible. If Dislodged Coating samples are found, they will be evaluated 

for biologically-induced impacts to the coating as indicated in Section 4.3 Coating Integrity 

Testing. 

3.5.4 Sample Handling and Preparation 
Sampling containers will be returned to the surface upon completion of the dive and grouped 

according to laboratory. All biological material will then be transferred from each sampling 

container into individual plastic storage bags (Ziploc® or Whirl-Pak®, one bag per sampling 

container). Transferring of the samples from the containers to the storage bags will be 

conducted by experienced staff using sterilized stainless steel instruments (e.g., long-handled 
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spatula). Remaining material will be washed from the container into the storage bags using 

wash bottles filled with lake water. Bags will be labeled with information such as the pipe, 

zone, sampling, and pipe position site numbers clearly visible.  Representative photographs 

will be taken of this process.  

Samples will be transported on ice to a secure laboratory or office facility near the Straits. 

Bacteria presence/absence testing (see Section 4.2) will be conducted at the secure facility. 

Sample handling and chain-of-custody procedures can be found in Appendix C.  
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4.0 Analysis 

Experienced aquatic biologists will review all of the underwater video-photography taken of the 

Dual Pipelines, with respect to sampling sites and their surrounding habitats to assist in the 

identification of larger macrophytes and fish species that may be attached to or utilizing the 

Dual Pipelines (and which are unlikely to be captured within the Biota sampling containers).  

Review of the video-photography can assist in identifying apparent visual differences in 

colonization rates or densities of mussels or other Biota on the Dual Pipelines at various 

depths and locations around the pipe.  Qualitative characterization of the relative level of 

mussel colonization on the pipe (i.e., heavy, moderate, sparse, or none as shown in Appendix 

B) will be made using the video-photography, recorded, and potentially used in conjunction 

with the lab analyses. 

Those observations may be beneficial and substantiated by the lab analyses of the Biota 

samples sent to an ecological laboratory. Comparison of video-photography of specific areas 

from previous and subsequent years, where locations can be confirmed, will be evaluated for 

differences in colonization rates or densities, especially in areas where maintenance and 

inspection activities removed mussels from the upper surface of the pipe.  

As noted in Section 3.5 Biota Surveys, Measurements, and Sampling, Biota samples will be 

collected in pairs to enable analysis of multiple parameters from the same location without 

having to collect and subdivide larger samples, which can increase the risk of contamination 

and loss of sample integrity.  

One Biota sample from each of the four locations sampled around the pipe (or one Biota 

sample from each of the two locations if sampled at a Holiday) will be sent to an ecological 

laboratory for evaluation of Biota composition and physical metrics of the Biota present. 

Experienced staff will conduct tests for the presence or absence of SRB and APB on the set of 

Biota samples that were not randomly selected to be sent to the lab for Biota analysis. 

Dislodged Coating samples will also be sent to the ecological lab for evaluation of attached 

Biota.  
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4.1 Biota Counts/Densities/Weight
The ecological laboratory will qualitatively evaluate and separate out the larger Biota (i.e., 

mussels) from the smaller Biota. At the present time, Biota is expected to be divided into four 

(4) general categories: plant matter (macrophytes and algae), mussels, benthic 

macroinvertebrates, and biofilm (microscopic organisms and undiscernible gelatinous 

material). All Biota will be identified or keyed out to its lowest practicable taxa.  

The ecological laboratory will obtain dry and wet weights of mussels using standard laboratory 

procedures for obtaining these masses, similar to those used by United States Army Corps of 

Engineers (USACE,1993; Wilson et al., 2006). Mussels will be enumerated and their shells 

measured. Shell measurements will be used to assist in determining the number of 

generations (i.e., age structure) of mussels present at each of the sampling locations.  

Mussels are consumed by some fish species, particularly round gobies (Neogobius 

melanostomus) (French and Jude, 2001; Wilson et al., 2006), and overt signs of mussel 

predation such as active feeding and high abundance of round gobies will be documented. 

The ecological laboratory will obtain collective dry and wet weights of the remaining Biota 

using standard laboratory procedures similar to those used by USACE (1993). The total mass 

of all aquatic Biota will be obtained by adding together the weights of the mussels and the 

remaining non-mussel Biota. 

4.2 Presence/Absence Bacteria Testing 
Staff will utilize BioSan Laboratories SRB and APB test kits for evaluating Biota samples taken 

from the one set of samples collected from the various sides of the pipe, Dislodged Coatings, 

areas adjacent to Dislodged Coatings, and any Dislodged Coating for the presence or 

absence of SRB and APB. Approximately 5 grams or less of biofilm/periphyton will be 

removed from the appropriate sample bag(s) and placed it into a test kit. Additional information 

related to SRB/APB test kit use can be found in Appendix C.      

The SRB test kits contain tubes of culture media specifically formulated to promote the growth 

of anaerobic SRB. SRBs are organisms which reduce sulfate to sulfide in the absence of 

oxygen. The most common organisms of that type associated with accelerated corrosion and 

industrial environments are found in the genera Desulfovibrio and Desulfotomaculum. When 
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sulfide is liberated, it reacts with iron in the tubed culture medium to form iron sulfide, a black 

precipitate. The degree to which the test kit medium blackens, along with the length of time it 

takes to change color, allows for an estimated count of sulfate reducers to be made. Test kits 

include sample applicators that allows for the evaluation of both liquids and surfaces.    

The APB test kit is a simple and rapid test for the detection and enumeration of APB with 

results in 24 hours when strong acid producers are present. That semi-quantitative system 

contains tubes of culture media specifically formulated to promote the growth of APB. One 

culture tube equals one test and no syringes are needed. Similar to the SRB test kits, 

applicators are included to allow for the evaluation of both liquids and surfaces. When acid is 

liberated, it reacts with the tubed culture medium and changes the color from red to yellow. 

The length of time it takes to change color allows for an estimated count of acid producing 

bacteria to be made. 

4.3 Coating Integrity Testing 
In addition to the coating inspection in Section 3.2, Enbridge will also retrieve representative 

samples of Dislodged Coating from the bottom of the Straits when available.  The intent of this 

work is to confirm the overall thickness of the coating and determine the penetration depth of 

various types of Biota into the coating.  The overall coating thickness and penetration depths 

will be measured by cross-sectional microscopy.  Biota samples will also be tested for SRB 

and APB in accordance with Section 4.2. 

4.4 Engineering Stress Analysis 
An additional analysis will be conducted and will include additional inputs from the Biota 

Investigation. The intent of the augmented analysis will be to determine how sensitive both 

stress and vortex induced vibration (VIV) assessments are to variability in the pipeline as a 

result of Biota. The inputs into this engineering analysis from the Plan will include; Biota mass, 

Biota size, and corresponding effect on drag force and effective diameter.  

In addition to the Plan variables, the variables normally considered for stress and VIV 

assessments include pipeline weight (with varying products), internal pressure, span length, 

pipeline wall thickness, grade, diameter, coating type/thickness and water velocities. For the 

stress analysis, the methodology used will involve varying the input parameters within a finite 

element model to determine the effects of varying the weight, span length, pressure and 
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buoyancy on the pipe stress. For VIV assessments, both the increase in diameter due to Biota 

presence, as well as the increase in pipe mass will be assessed utilizing finite element 

analysis to calculate nodal frequencies and span lengths and closed formed solutions to 

determine VIV limits. 

This assessment will require at least 12 weeks to complete once the Biota variable data has 

been provided to the engineering consultant. 
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5.0 Quality Assurance/Quality Control  

Robust quality assurance/quality control measures will be instituted to ensure the integrity of 

samples and measurements generated during the Biota investigation (see also Appendix C). 

Those measures will include, but are not limited to:  

• Project organization: the Project Manager, subcontractors, and all parties taking part in 

this effort will be identified and their roles articulated prior to commencing efforts. 

Planning and coordination calls and/or meetings will take place with divers, members 

of the integrity team, biologists, etc., to ensure the proper execution of sampling and 

data collection protocol.   

• Proper training: The divers used on this project will be Operator Qualified (OQ) for 

coating thickness measurements and cathodic protection readings. 

• All instruments will be calibrated according to manufacturer’s recommendations.  

• Field sampling review: the location of zones, sampling sites, and pipe positions where 

samples are to be collected will be reviewed prior to undertaking any field sampling 

efforts.

• Video-photography and audio communication (between divers and personnel on 

boats) will be utilized to ensure proper documentation of conditions and sampling 

requirements. 

• Sample handling: biological samples (e.g., biofilm, periphyton, mussels, etc.) collected 

during the course of the investigation will be handled and preserved using proper 

techniques to ensure sample integrity.   

o Methods currently include the removal and washing of all Biota from the 

sampling containers into plastic storage bags using a flexible blade and wash 

bottles. 

• Documentation and records: field notes, chain-of-custody documents, laboratory 

reports, etc., will be compiled and saved at secure locations in hard copy and/or 

electronic form. 

o Chain-of-custody files will be utilized to track the custody of samples throughout 

collection, transfer/shipment of samples to analytical labs, etc. Pertinent 

information such as the dates, times, and persons handling samples will be 

recorded to ensure that chain-of-custody is properly documented.  
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• Data validation: Data generated through the course of these efforts will be routinely 

evaluated for accuracy, precision, representativeness, and completeness.  

• Reporting: Reports and project deliverables will be edited, reviewed, and finalized prior 

to submittal.  
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6.0 Schedule and Deliverables 

Enbridge shall implement the Plan in accordance with the schedule described below, 

predicated upon USEPA’s approval of the Plan in June 2017.  If USEPA approval is not 

granted by this date, logistical requirements, seasonal limitations, and biological growing 

season considerations will necessitate moving field sampling efforts to 2018.  

• June 2017:  Refinement and opportunistic testing of sampling methodologies, lab 

analyses, and statistical tests of any preliminary data. 

• July 2017 � September 2017: Visual and Biota surveys and sampling of Biota on 

Dual Pipelines. 

o  Representative samples of the aquatic Biota attaching to and/or surrounding the 

Dual Pipelines are best obtained later in the growing season since macrophytes, 

algae, and periphyton will not fully establish until later in the growing season 

when water temperatures are highest (July-September, [NOAA, 2016]). 

o  Representative samples of mussels can be obtained at any time of the year but 

late summer is recommended given mussels would be at their greatest size 

(Schneider, 1992), which would enable more accurate maximum mass 

estimations. 

• August 2017 � December 2017: Lab and engineering stress analysis. 

o  Discussions with the ecological laboratory and Enbridge integrity indicate that 12 

weeks are needed to process the large volume of Biota samples for analysis. 

o  A pipeline structural engineering firm will also require 12 weeks to complete an 

engineering stress analysis of the Biota with respect to the integrity of the 

pipelines suspended above the floor at the Straits.  

• December 2017 � February 2018: Data analysis. 

• March 2018: Submittal of Final Report. 

o Submitted within 60 days of completion of field and lab analyses. 

Implementation of this Plan, inclusive of its literature reviews, visual surveys, Biota 

measurements, Biota sampling and lab analyses, chemical and biological activities, and levels 

of cathodic protection will aide in answering the assessments presented in Section 2.0 

Consent Decree Requirements.  To achieve compliance with the consent decree, Enbridge 
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will implement this Plan in accordance with the schedules presented above.  As part of the 

Plan the following deliverables will be provided to USEPA, within the specified timeframes, as 

follows:  

• No later than 60 days after the completion of field and lab analyses associated with 

implementing this Plan, Enbridge shall submit a final report to USEPA for review and 

approval, describing the findings and results of the investigation.  

o In the event that the investigation finds that mussels and other Biota have 

impaired, or threaten to impair, the Dual Pipelines, Enbridge shall supplement 

its final report with a proposed work plan to address such impairments, together 

with a proposed schedule for completing such work.  

� The supplement shall be submitted within 60 days of submittal of the 

final report to USEPA.  
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7.0 Workforce 

Key personnel currently proposed for implementation of this Plan include the following: 

Enbridge Energy, Limited Partnership 

•  Senior Manager Environment U.S. Operations  

•  Senior Integrity Engineer  

Leggette, Brashears, and Graham, Inc. (LBG) 

•  P.E., Civil Engineer, Leggette, Brashears & Graham, Inc, Hancock, 

Michigan 

•  P.E., Environmental Engineer, Leggette, Brashears & Graham, Inc, 

Wetmore, Michigan 

GEI Consultants of Michigan, P.C.  

•  Sr. Aquatic Biologist, Traverse City, Michigan 

•  Aquatic Ecotoxicologist, Lansing, Michigan  

GEI Consultants, Inc. 

• , Aquatic Ecologist / Limnologist, Denver, Colorado 

•  Ecological Laboratory Manager, Denver, Colorado 

Ballard Marine 

•  Project/Operations Manager 

Kiefner and Associates Inc.  

•  Principal Engineer, Manager-Stress Analysis, Columbus, Ohio 

Key personnel, Contractors and Consultants maybe changed as needed to facilitate 

completion of this investigation plan as outlined in Section 6.0 Schedules and Deliverables. 
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FIGURES

Figure 1 – General profile view of east and west pipelines and associated zones 

Figure 2 – Profile view of sampling zones and sites for the east pipeline  

Figure 3 – Profile view of sampling zones and sites for the west pipeline  

Figure 4 – Layout of Thickness Measurements at Areas of Interest  

Figure 5 – Qualitative assessment of the Biota across the east pipeline

Figure 6 – Qualitative assessment of the Biota across the west pipeline 

Figure 7 – Biotic sampler  

Figure 8 – Layout at Undisturbed Area with Biota Sampling 

Figure 9 – Layout at Area of Interest with Biota Sampling 
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TABLES

Table 1: Biota sample sites: East and West pipelines
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Table 1. Biota sample sites: East and West pipelines

East Pipeline - Biota sample sites

Zone Water depth (ft)1
Proposed Biota 
sampling sites2 Description of Biota sampling sites Total number of Biota samples3

Total number of Biota samples 
at area of interest4

A (north) 50-100 1 Equidistant between E07 and E65B 6-8 -
B (north) 100-150 1 North of E-05B 6-8 -
C (north) 150-200 1 Area of Interest south of E01B-B 6-8 4

D >200 1 Area of Interest north of E76A/B 6-8 4
D >200 1 E10 6-8 -

C (south) 150-200 1 E16 6-8 -
B (south) 100-150 1 South of E-61A 6-8 -
A (south) 50-100 1 Area of Interest south of 34A 6-8 4

West Pipeline - Biota sample sites

Zone Water depth (ft)1
Proposed Biota 
sampling sites2 Description of Biota sampling sites Total number of Biota samples3

Total number of Biota samples 
at area of interest4

A (north) 50-100 1 W65B 6-8 -
B (north) 100-150 1 W61A 6-8 -
C (north) 150-200 1 W58B 6-8 -

D >200 1 Area of Interest near W54A 6-8 4
D >200 1 Area of Interest near W72A 6-8 -

C (south) 150-200 1 Area of Interest north of W-70B 6-8 4
B (south) 100-150 1 Area of Interest south of W35B North 6-8 4
A (south) 50-100 1 Area of Interest south of W10 6-8 4

1 Pipelines buried to water depth of approximately 65 feet
2 One site per zone, sampling immediately adjacent to Area of Interest when possible
3 Six samples/site if pipeline bottom not accessible; eight samples/site otherwise
4 Paired sampling: two samples in area of interest, two samples immediately adjacent area of interest
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STANDARD OPERATING PROCEDURE
Field Notebook 

1. Objective
Describe methods for documentation of field activities.

Documentation of site activities is a crucial part of the field investigation process. 
The field notebook serves as the record of field activities performed or observed 
during the project.  It provides a factual basis for preparing field observation 
reports, if required, and reports to clients and regulatory agencies. Example field 
notes are provided in Attachment A.

2. Execution
� Use a separate all-weather bound notebook for each site/location/project

number. Spiral notebooks should not be used because pages can be easily
removed.

� Write neatly using black or blue pen, preferably a waterproof pen. Use of
pencil is also acceptable only with approval of the project manager, such as in
but not limited to, certain field conditions [e.g., cold or wet weather].

� Write the project name, project number, book number (i.e., 1 of 3), and date
on the front cover.  On the inside cover, identify the project name, project
number, and “Return Book To:” the office address of the project manager.

� Number all of the pages of the field book starting with the first entry.
� Record activities as they occur. Record only facts and observations,

regardless of whether they appear to be relevant at that time.
� Identify conditions or events that could affect/impede your ability to observe

conditions (e.g. snow-covered ground surface, inability to access areas of
interest).

� Neatly cross out mistakes using a single line and initial them.  Erasures are
not permitted.

o If an error is made on an entry in the field notebook, the individual
who made the entry should make the corrections.  The corrections
must be initialed and dated by the person making the correction.

� Sign or initial and date the bottom of every page with an entry if the project
requires such documentation.

� Place a diagonal line through unused portions of a page.
� Record the following information upon each arrival at the site:

o Date/time/weather.
o #ersonnel.
o Purpose of visit/daily objectives.
o People (client, contractor, landowners, etc.) present upon�

arrival�������
.
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� Record the following information during the course of the day:
o Conversations with contractors/subcontractors, clients, visitors, 

$��.
�������� ���..?� landowners (site or abutters).  If possible, 
record complete� names, titles, and affiliations.

o Time of arrival and departure of individuals.
o Activities as they occur.

� Additional examples of observations to record may include and are not limited
to:

o Type and quantity of monitoring well construction materials used.
o Use of field data sheets or electronic logging equipment (e.g. boring

logs, monitoring well sampling logs, etc.).
o Ambient air monitoring data.
o Field equipment calibration information.
o Locations and descriptions of sampling points.
o Contractor/Subcontractor progress.
o Sample media (soil, sediment, groundwater, etc.).
o Sample collection method.
o Number and volume of sample(s) collected and sample bottle

preservatives used.
o Sample identification number (s) and date and time of sample

collection.
o Approximate volume of groundwater removed before sampling.
o Any field observations made such as pH, temperature, turbidity,

conductivity, water level, etc.
o References for maps and photographs of the sampling site(s).
o Information pertaining to sample documentation: bottle lot numbers/

dates, method of sample shipments, chain-of custody record
numbers, and overnight shipping numbers.

o Surveying data (including sketches with north arrows).
o Changes in weather.
o Rationale for critical field decisions.
o Recommendations made to the client representative and7���

Project Manager@�A.
o Site sketch of conditions at the end of the day.
o Summary of work completed/work remaining.
o Allow time at the end of the day to complete entries in the

notebook.

-. Attachments
Attachment A - Example Field Notes
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Attachment A –
Example Field Notes

Start of each day includes:
•Date
•Project Number
•People on site
•Purpose of Work
•Weather Conditions

Errors are 
single line 
crossed out 
and initialed

Bottom of each 
page signed  and 
dated

Blank Space 
crossed out and 
initialed

Each page is 
numbered
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STANDARD OPERATING PROCEDURE
Photo Documentation

1. Objective
Describe methods to document and retain photographic records.  

Keeping a record of photographs taken is crucial to their validity as a 
representation of existing conditions. 

2. Execution
� Photographs of a site, individual samples, or other observations should be

taken using a digital camera.
� Set the camera to record the time and date for each photograph.
� All photographic records, along with the following information, should be

recorded in the field notebook (SOP FD-001).
o If applicable, the compass direction describing the direction the

photograph was taken (e.g. looking southeast).  This may not apply to 
photographs of individual samples.

o Brief description of what the photograph is intended to show.
� The field notebook should note who took the photographs.
� The photographs should be electronically backed up on a computer or other

data storage device.
� If photographs will be used in a report, memo, or letter, they should be placed

on a photograph record template and the relevant information describing the
photograph should be inserted into the caption section for each photograph.

3. Limitations
� Some clients and regulatory agencies require photographs of every subsurface

soil sample collected.  These photographs typically include a “whiteboard” which
indicates the site, the boring ID, and the depth of the sample, while logging
details are recorded in the field notebook.  Under these circumstances, it is not
necessary to include compass directions or descriptions.
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STANDARD OPERATING PROCEDURE
Sample Handling 

1. Objective
Describe appropriate environmental sample handling procedures.

The procedures include collection and transport of environmental samples to a 
laboratory for chemical analysis.  Appropriate sample handling should ensure that 
samples are properly:

� labeled and documented;
� preserved;
� packaged; and
� transported

2. Execution
� Prior to mobilizing to the field, select a shipper or arrange for a courier for

sample delivery to the laboratory.  If using a shipper (i.e., FedEx or UPS)
determine the time constraints for pickup requests, the location and hours of
the nearest shipping office, and any size/weight restrictions.

� A waterproof or permanent ink pen should be used for all labels. The label
should have an adhesive backing and be placed on the jar or bottle, not on
the cap.  In addition, clear packing tape can be placed over the sample label
to secure it to the bottle as moisture from the samples can loosen the label
adhesive.

� Record the following information on the label and in the field notebook (See
SOPs FD-001 and FD-003):

o Project number
o Sample identification (i.e. MW-201 or SS-2)
o Date and time (military time) of collection
o Sampler’s initials
o Analysis methods
o Preservative, if present

� Pre-preserved laboratory jars are preferable and should be used whenever
practicable. If sample jars are not pre-preserved, add preservative as 
appropriate.

� At each sampling location, samples should be collected in order of volatility,
most volatile first. Samples collected for volatile analysis should be placed in
sample containers immediately upon retrieval of the sample.

� Aqueous samples for volatile analysis should be collected without air bubbles.
� The collection and preservation method of soil samples for volatile analysis

may depend on project, client, or state regulatory requirements. Check with
your Project Manager and/or SOPs SM-001 and SM-002 where appropriate.
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� Care must be taken to avoid getting soils on the threads of sample jars, which
can cause a faulty seal.

� If compositing samples in the field, specify the basis for composite (i.e.
volume, weight, spoon recovery, etc.) and record in the field book the
procedure for compositing the sample.

� Once samples have been collected and labeled, place samples in a cooler
with sufficient bagged ice or freezer packs (blue ice) (if allowed) to chill
samples to 4�C.  If using ice, use double-bagged ice.

� Complete the chain-of-custody (COC) (SOP FD-003).
� If transporting the samples by way of a shipper:

i. The sample cooler should have water drains securely sealed with duct
tape, both on the inside and outside of the cooler.

ii. Place a layer of packing material on the bottom of the cooler as a
cushion.

iii. Individually wrap each sample bottle with bubble packing or suitable
packing material and place the wrapped bottles upright in the cooler
with sufficient packing material between samples to avoid breakage.

iv. Methanol preserved samples for volatiles analysis should be packed
so they remain upright with the soil completely covered by the
methanol during transport.

v. Place a layer of packing material on top of the sample bottles.
vi. Place bagged ice or freezer packs on top of the packing material. Fill

the remaining space in the cooler with packing material to eliminate the
possibility of vertical movement of samples.

vii. Place the completed and signed chain-of-custody form in a sealable
plastic bag and place on top of the packing material in the cooler, or
tape it to the inside lid of the cooler.

viii. Fill out the appropriate shipping or courier forms and attach to the top
or handle of the cooler.  If necessary, place the proper shipping labels
on the cooler.  Have the courier sign the COC form (or write pickup by
FEDEX, UPS, etc. with date and time).  Place a signed and dated
custody seal on the cooler.

� All samples should be submitted to the laboratory as soon as possible.  In
many cases, same day shipping will be required by the client or the project
manager.  Be clear on this before beginning the field work.

� A copy of the waybills should be kept by the field supervisor to track
shipments if necessary.

3. Limitations
� If samples are shipped on a Friday, call the laboratory ahead of time to

confirm that personnel will be at the laboratory to receive and log-in the
samples.

� During warm weather, make sure to use plenty of ice in the shipping
container.
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� Field personnel should be aware of analyses which have short hold times and
schedule sampling events and shipping accordingly.  Shipment of samples for
analyses with short hold times must be arranged for in advance.  Refer to the
project work plan, quality assurance project plan, or state/federal regulations
for holding time and preservative information. Contact the laboratory ahead
of time when shipping samples with short hold time to ensure the lab is
prepared for these analyses.

� For glassware containing preservatives (e.g., HCl, HNO3

� Never composite samples for VOCs in the field.  Collect individual aliquots
and direct the laboratory to perform compositing, if needed.

), take care not to 
overfill the container, thus flushing the preservative out of the bottle.

� Collection of aqueous samples should not be performed over the opening of a
monitoring well.  Preservatives from overfilling, a marker pen or other objects
could fall into the well.

� If the recharge volume for a monitoring well is low, completely fill all volatile
vials and then collect the minimum sample volume required for each
remaining analysis.

� During subsurface soil sampling, if the recovery from the split-spoon sample
is inadequate, if appropriate, resample the bottom of the borehole to obtain
proper sample volume.

� Laboratories will homogenize and test the contents of the sample container,
unless directed otherwise.  Samples should not contain rocks, twigs, leaves,
etc… unless these materials are of interest.
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STANDARD OPERATING PROCEDURE
Sample Management and Chain of Custody 

1. Objective
Describe methods to label sample containers, manage the samples, and prepare
Chain of Custody documentation for the samples.  Sample transport is also
addressed.

2. Project Setup
When setting up a sampling event, inform the recipients of the samples
(laboratories) and recipients of laboratory results (data group and project managers).
Discuss with the laboratory the sampling media, turnaround times, and reporting
limits for appropriate regulatory criteria for the site.  Include the data group on
correspondence so that turnaround times, data validation, and project deliverable
schedules can be tracked successfully.

� Laboratory - Number of samples, analyses needed: bottle orders and holding
times, turnaround times needed, reporting limits needed for regulatory criteria.

� Data group - Number of samples, analyses requested, turnaround times and
reporting limits requested, data validation needed, regulatory criteria to use
for tabulating results, deliverables needed, and project name and number.

� Schedule - Inform the laboratory and Data Group of schedule delays,
changes to analyses, and expediting.

3. Sampling Execution
� Review the work plan prior to sampling to determine the following:

o Sample matrix and sampling method.
o Required analysis and sample volumes.
o Sample container type and preservative requirements.
o Required analysis methods and/or report formats.
o The turnaround time required by the project.
o If the data will be sent directly from the laboratory to the data validator,

Project Manager, or Data Group.
o Holding time restrictions for sampling media and analytical methods.
o Sample naming convention used for this project site.

� Sample labels should be filled out using a waterproof or permanent marker or
pen.  Required information includes:

o Sample ID.
o Date and time of sample collection.
o Project number.
o Sample preservatives.
o Sampler’s initials.
o Laboratory analytical methods.
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� Place the label on the jar or bottle, not on the cap.  Sample custody begins at
this time.

� Record the above information in the field notebook.
� Individually wrap sample jars with packing material, if needed.  Place

samples in a cooler with bagged ice or freezer� packs (blue ice) 
immediately after collection. Add sufficient ice or freezer� packs to cool 
samples to approximately 4°C.

� Complete a chain of custody (COC) for the samples as described below.  
/aboratory COCs may be used as long as they contain fields for all required�
sample information as described in Section 2.1.

3.1. Chain-of-Custody (COC) Completion 
� Fill out COC neatly and in permanent ink.  Alternatively, an Excel version of�

the COC is available and can be filled out electronically.
� Certain analyses (i.e. air analysis by TO-15) require specialized, laboratory

issued COCs.  Make sure any specialized COCs are available before sample
collection.

� Record the project name and number, the sampler’s name(s) and the state
where the samples were collected.

� For each sample, enter the sample identification number, date and time
(military time) collected, the number of sample containers, and any additional
information to fulfill project, client or regulatory requirements.

� Record the type of analysis (including laboratory method; e.g. EPA-SW846
Method XX) requested and the preservative (if appropriate) in the vertical
boxes.

� Field duplicates should be anonymous to the laboratory, but must be�
recorded for use by the Data Group. To keep track of this information, link�
the field duplicate with the proper sample in the field notebook.  If required by�
the Project Manager or Data Group, also document this information on or�
attach a note to ��copy of the COC.

� Trip blanks for large sites should be named similar to the samples they are
collected with so that there are not two of the same sample name for the
same site.  For example, “OU1TB-122509” and “OU3TB-122509” would avoid
any mistakes.

� Strike incorrect entries on the COC with a single line, followed by the initials
of the person making the correction, the date, and the correct entry.

� When sample custody is ready to be relinquished, complete the bottom of the�
form with date and time (military time) and signatures of relinquisher and�
receiver of samples as indicated.  The sample collector is always the first�
signature while the analytical laboratory is the final signature.  Theoretically,�
all individuals handling the samples between collection and laboratory should�
sign the form; however, if a common carrier (i.e., Federal Express, UPS) is�
used for shipping, ��
������
��!�����
���
���.�
� in the ‘Received by’ box on the
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COC.  If the sampler hand delivers the samples to the laboratory, the 
received box must be signed by the laboratory. 

� If the samples are placed in a designated secure area (e.g. sample
fridge), note this location in the “Received by” box on the COC.

� ��ngle sheet and triplicate COCs� ��
� �����D
�.  If using the triplicate COCs
(white, yellow, and pink copies), the pink copy should be retained by the
sampling personnel and provided to the Data Group for proper filing.  The
white and yellow copies should accompany the samples to the laboratory.

� If you are using the single sheet COC, make a copy of the COC after it has
been signed by the lab courier and forward it to the Data Group.

� Prior to sample shipment by common carrier, the COC must be placed inside
the cooler in a Ziplock bag or other watertight package.

� If a common carrier such as FedEx is used to transport the samples to the
laboratory, include the carrier tracking number and identify the carrier in the
“Received by” box on the COC.

� If a courier is used to transport samples to the laboratory the courier signs 
the COC in the “Received by” box.

� Place a custody seal on the cooler if shipping via common carrier.
� Transport samples to the laboratory as soon as possible.   It is preferable to

transport the samples directly to the laboratory from the field.  Samples
brought back to the office for storage prior to submission to the laboratory
must be kept cold (4° C).

� Unused sampling containers/media that are sent back to the lab should be
included on a separate COC.

4. Limitations
� Keep the number of people involved in handling samples to a minimum.
� Where practical, only allow people associated with the project to handle the

samples.
� Always document the transfer of samples from one person to another on the

COC.
� The COC should always accompany the samples.
� Give samples positive identification at all times that is legible and written with

waterproof or permanent ink.
� When sending samples via a common carrier, use one COC per package.
� Where practical, avoid sending samples from more than one site with

separate COCs in a single package.
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® APB
Field Test Kit for Detecting Acid Producing Bacteria (APB)

INSTRUCTIONS 

1. Disinfect hands with an alcohol wipe before handling any of the test kit components. 

2. Open one Agar Tube and place screw cap side up on a clean, dry surface.

3. Remove sterile Sample Applicator Swab from the envelope (do not touch the swab side).

4. Insert Sample Applicator Swab into the liquid sample for approximately 10 seconds. For solid samples, use 
the Sample Applicator directly to swab the surface.

5. Transfer Sample Applicator into the Agar Tube by inserting it slowly into the agar to reach the bottom of the 
tube.

6. Slowly and carefully remove Sample Applicator from the Agar Tube. Discard used Sample Applicator.

7. Replace screw cap on Agar Tube.  

8. Incubate samples for 1-5 days at 30ºC.

9. Examine tubes daily for color change. 

• Color change from red to yellow in the Agar Tube indicates acid production.  Note: any portion of the 
Agar Tube turning yellow indicates acid production.

• Strong acid producers even at very low numbers can change the color overnight.

• Slow acid producers require longer time for color change development depending on the type and 
number of acid producers present in the sample.   

• Visually check Agar Tubes daily for color change from red to yellow.

• Use the evaluation chart provided below to estimate the amount of acid production due to the growth 
of acid producing bacteria.

Appearance of Yellow

Day 1 – Day 2

Day 3 – Day 4

Day 5

Acid Production

Strong

Medium

Weak

Evaluation Chart for Acid Production  
due to the Growth of Acid Producing Bacteria

BIOSAN LABORATORIES, INC.
1950 Tobsal Court, Warren, MI 48091-1351
586-755-8970  •  800-253-6800
Fax 586-755-8978  •  Email lesley@biosan.com
Website http://www.Biosan.com

BIOSAN LABORATORIES, INC. offers technical service on matters relating to its 
products at no charge. Call toll free 800-253-6800 from within the U.S.A. and 
Canada or collect 586-755-8970 from outside the U.S.A.
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4.    For Best results, place tube in any location where the temperature will be close (within 5 degrees) to that of the environment 
       which it was taken.

5.    Observe the tube regularly for results and compare to the chart below.

lesley@biosan.com

25 identification labels, 25 applicators, one bottle mineral oil
15 (mil), one sample vial with cap, one alligator clip, and one instruction sheet.
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External Pipeline Inspection Form for L5 Straits of Mackinac 

General Information

Date:T ��U�VUXY Contractor: Z[\\[]^T_[]`kvT+{
AFE / W.O.#: |���V��� Company Rep / Inspector:
Segment: }~���X Water Depth (ft):
Longitude: Latitude:

External Pipe Coating Inspection Results

Coating Condition � Disturbed Area      �Dislodged Coating   
�Holiday �Other

Size of anomaly 
(ft2): 9.17 (3’4” X 2’9”)

Feature 1 � Disturbed Area      �Dislodged Coating   
�Holiday �Other

Size of anomaly 
(ft2): 0.01 (1” X1”)

Feature 2 � Disturbed Area      �Dislodged Coating   
�Holiday �Other

Size of anomaly 
(ft2): 0.01 (1” X1.5”)

Feature 3 � Disturbed Area      �Dislodged Coating   
�Holiday �Other

Size of anomaly 
(ft2): 0.01 (1” X1”)

� Disturbed Area      �Dislodged Coating   
�Holiday                  �Other

Size of anomaly 
(ft2):

Corrosion present: �YES               �NO  Biota present:           �YES   � NO  

Dislodged coating observed on the lake floor:  �YES    �NO Lake floor location 
wrt pipe:

6 o’clock (pipe resting on 
lake bed)

Comments/Issues/Discussion

EAOI-1 E-01B-B is an area of disturbed biota and contains three areas of white deposit within a 6” X 
1.5” area on the top of the pipe (12 o’clock).

DFT measurements indicate normal coating thickness through the entire area inspected.

CP measurements taken with the Polatrak CP gun through the white deposit areas deviated slightly 
from reference ‘open water’ measurements, but they were not sufficiently electronegative to indicate 
contact with Line 5 pipe metal.

Contractor Signature Enbridge Representative/ Inspector Signature
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External Pipeline Inspection Form for L5 Straits of Mackinac 

Coating Gauge Information
Manufacturer: Elcometer Inspection Equip Product: 211 Coating Thickness Gauge
Last Calibrated: 08/09/2017 Next Calibration Due: 08/09/2018
Gauge verified prior to use: �YES   � NO

Coating Thickness Inspection Data

Thickness Measure (mil) Area of Interest <��=>?@ABC�DEACFDGHDID=���D <��=>?@ABC�DEACFDGJDKDL?��
North End #1 115 105 110

#2 150 125 110
#3 105 98 90

South End #4 105 95 100
#5 105 95 100
#6 110 100 100

Average Thickness 115 103 101
Additional Coating Thickness Inspection Data (A/R)

Centerline of AOI at 12, 3, and 9 
o’clock

Top 105
West 125
East 110

Visual Inspection (General Coating Condition)
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 09/08/17 Frame(HH:MM:SS) 9:01:01 Date: 09/08/17 Frame(HH:MM:SS) 12:07:06

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Note: CP readings at this feature were recorded with the probe of Polatrak CP gun pressed firmly into 
the white substance coating the pipe.  These readings were more electronegative than the ‘open 
water’ CP readings (-198mV / -170mV), but are not consistent with Line 5 pipe metal contact – 
indicating that the presence of a resistive coating on the pipe surface.

Cathodic Protection and Coating Measurements (if Holiday is found)
(note: holiday could not be confirmed)

CP Reading #1 (mV)
(feature 1)

-234 
-281

CP Reading #2 (mV)
(feature 2)

-440
-316

CP Reading #3 (mV)
(feature 3)

-320
-260

Temperature (°F) 45 DFT at Feature (mil) N/R DFT Adjacent to Features (mil)
(features 1, 2, and 3 respectively)

130, 145, 
140

For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 09/08/17 Frame(HH:MM:SS) 12:07:06 Date: Frame(HH:MM:SS)
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External Pipeline Inspection Form for L5 Straits of Mackinac 

General Information

Date: ������XY Contractor: Z[\\[]^��[]�	
���
AFE / W.O.#: ���� Company Rep / Inspector:
Segment: �~���� Water Depth (ft):
Longitude: Latitude:

External Pipe Coating Inspection Results

 General Area � Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2): 4.52 (1’5.5” X 3.1’)

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

Corrosion present: �YES               �NO  Biota present:              �YES   � NO  

Dislodged coating observed on the lake floor:  �YES    �NO Lake floor location 
wrt pipe: 6:00

ments/Issues/Discussion

EAOI-2 is between E-02A and E-76B

Minimum DFT thickness recorded was 70 mils, so no CP measurements were obtained.

No external corrosion was detected by dive team.

Contractor Signature Enbridge Representative/ Inspector Signature
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External Pipeline Inspection Form for L5 Straits of Mackinac 

Coating Gauge Information
Manufacturer: Elcometer Inspection Equip Product: 211 Coating Thickness Gauge
Last Calibrated: 08/09/2017 Next Calibration Due: 08/09/2018
Gauge verified prior to use: �YES   � NO

Coating Thickness Inspection Data

Thickness Measure (mil) Area of Interest <��=>?@ABC�DEACFDGHDID=���D <��=>?@ABC�DEACFDGJDKDL?��
South End #1 70 88 115

#2 105 90 105
#3 125 98 115

North End #4 105 74 100
#5 100 115 72
#6 110 100 105

Average Thickness 103 94 102
Additional Coating Thickness Inspection Data (A/R)

Visual Inspection (General Coating Condition)
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 08/26/17 Frame(HH:MM:SS) 08:54:11 Date: 08/26/17 Frame(HH:MM:SS) 08:59:19
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External Pipeline Inspection Form for L5 Straits of Mackinac 

General Information

Date: ������ Contractor: ��������_��`kv�+{
AFE / W.O.#: |��� Company Rep / Inspector:
Segment: �~���� Water Depth (ft):
Longitude: Latitude: �

External Pipe Coating Inspection Results

 General Area � Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2): 3.69 (18” X 29.5”)

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

Corrosion present: �YES               �NO  Biota present:              �YES   � NO  

Dislodged coating observed on the lake floor:  �YES    �NO Lake floor location 
wrt pipe: 5:00 – 7:00

Comments/Issues/Discussion

EAOI-3 Near E-70

Outer wrap is disloged at 12:00

No external corrosion was detected by dive team.

Contractor Signature Enbridge Representative/ Inspector Signature
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External Pipeline Inspection Form for L5 Straits of Mackinac 

Coating Gauge Information
Manufacturer: Elcometer Inspection Equip Product: 211 Coating Thickness Gauge
Last Calibrated: 08/09/2017 Next Calibration Due: 08/09/2018
Gauge verified prior to use: �YES   � NO

Coating Thickness Inspection Data

Thickness Measure (mil) Area of Interest <��=>?@ABC�DEACFDGHDID=���D <��=>?@ABC�DEACFDGJDKDL?��
North End #1 125 125 110

#2 120 135 125
#3 120 125 120

South End #4 140 110 115
#5 140 95 105
#6 125 125 110

Average Thickness 128 119 114

Additional Coating Thickness Inspection Data (A/R)

Visual Inspection (General Coating Condition)
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 08/30/17 Frame(HH:MM:SS) 01:22:23 Date: 08/30/17 Frame(HH:MM:SS) 01:22:23
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External Pipeline Inspection Form for L5 Straits of Mackinac 

General Information

Date: ������ Contractor: ��������_��`kv�+{
AFE / W.O.#: |��� Company Rep / Inspector:
Segment: �~���� Water Depth (ft):
Longitude: Latitude:

External Pipe Coating Inspection Results

 General Area � Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2): 4.12 (1.6’ X 2.9’)

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

Corrosion present: �YES               �NO  Biota present:              �YES   � NO  

Dislodged coating observed on the lake floor:  �YES    �NO Lake floor location 
wrt pipe: 3-9 o’clock

Comments/Issues/Discussion

EAOI-4 is near E-48

Minimum DFT thickness recorded was 94 mils, so no CP measurements were obtained.

No external corrosion was detected by dive team.

Contractor Signature Enbridge Representative/ Inspector Signature
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External Pipeline Inspection Form for L5 Straits of Mackinac 

Coating Gauge Information
Manufacturer: Elcometer Inspection Equip Product: 211 Coating Thickness Gauge
Last Calibrated: 08/09/2017 Next Calibration Due: 08/09/2018
Gauge verified prior to use: �YES   � NO

Coating Thickness Inspection Data

Thickness Measure (mil) Area of Interest <��=>?@ABC�DEACFDGHDID=���D <��=>?@ABC�DEACFDGJDKDL?��
                       South End #1 125 145 115

#2 140 125 115
#3 125 115 140

North End #4 125 120 125
#5 135 94 135
#6 135 105 100

Average Thickness 131 117 121
Additional Coating Thickness Inspection Data (A/R)

Visual Inspection (General Coating Condition)
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 08/30/17 Frame(HH:MM:SS) 14:51:00 Date: 08/30/17 Frame(HH:MM:SS) 16:07:12
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External Pipeline Inspection Form for L5 Straits of Mackinac 

General Information

Date:T ��U��UXY Contractor: Z[\\[]^T_[]`kvT+{
AFE / W.O.#: |������� Company Rep / Inspector:
Segment: �~���� Water Depth (ft):
Longitude: Latitude:

External Pipe Coating Inspection Results

Coating Condition � Disturbed Area      �Dislodged Coating   
�Holiday �Other

Size of anomaly 
(ft2): 23.29 (6’6”x3’7”)

Feature 1 � Disturbed Area      �Dislodged Coating   
�Holiday �Other

Size of anomaly 
(ft2): 0.01 (1” X1”)

Feature 2 � Disturbed Area      �Dislodged Coating   
�Holiday �Other

Size of anomaly 
(ft2): 0.01 (1” x 2”)

� Disturbed Area      �Dislodged Coating   
�Holiday �Other

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday �Other

Size of anomaly 
(ft2):

Corrosion present: �YES               �NO  Biota present:           �YES   � NO  

Dislodged coating observed on the lake floor:  �YES    �NO Lake floor location 
wrt pipe: N/A (pipe is suspended)

Comments/Issues/Discussion

EAOI-5 E-39 is an area of disturbed biota and contains one area of white deposit approximately the 
size of a quarter located near the top of the pipe (at 12 o’clock).  The white deposit is located adjacent 
to a coated circumferential seam weld in the pipe.

DFT measurements indicate normal coating thickness through the entire area inspected, with slightly 
thinner coating adjacent to the white deposit.

CP measurements taken with the Polatrak CP gun through the white deposit areas deviated slightly 
from reference ‘open water’ measurements, but they were not sufficiently electronegative to indicate 
contact with Line 5 pipe metal.  

Part of the white deposit broke away during the CP readings without exposing bare metal.  

Contractor Signature Enbridge Representative/ Inspector Signature
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External Pipeline Inspection Form for L5 Straits of Mackinac 

Coating Gauge Information
Manufacturer: Elcometer Inspection Equip Product: 211 Coating Thickness Gauge
Last Calibrated: 08/09/2017 Next Calibration Due: 08/09/2018
Gauge verified prior to use: �YES   � NO

Coating Thickness Inspection Data

Thickness Measure (mil) Area of Interest <��=>?@ABC�DEACFDGHDID=���D <��=>?@ABC�DEACFDGJDKDL?��
North End #1 145 72 130

#2 94 115 130
#3 105 100 110

South End #4 130 130 135
#5 110 120 105
#6 105 100 105

Average Thickness 119 106 119
Additional Coating Thickness Inspection Data (A/R)* (see note below)

16” from South End 34” from South End 52” from South End
West 135 145 145

Top 105 105 120
East 105 125 105

Note: An area of dislodged outer wrap was identified 2.5’ from the south end of the AOI.  Coating 
thickness in this area was 100 mil.

Visual Inspection (General Coating Condition)
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 09/06/17 Frame(HH:MM:SS) 14:45:12 Date: 09/06/17 Frame(HH:MM:SS) 14:47:47

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Note: CP readings at this feature were recorded with the probe of Polatrak CP gun pressed firmly into 
the white substance coating the pipe.  These readings were more electronegative than the ‘open 
water’ CP readings (-101mV / -061mV), but are not consistent with Line 5 pipe metal contact – 
indicating that the presence of a resistive coating on the pipe surface.

Cathodic Protection and Coating Measurements (if Holiday is found)
(note: holiday could not be confirmed)

CP Reading #1 (mV)
(feature 1)

-391
-326 CP Reading #2 (mV) N/R CP Reading #3 (mV) N/R

Temperature (°F) 50 DFT at Feature (mil) N/R DFT Adjacent to Features (mil) 82,72,78,78
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 09/06/17 Frame(HH:MM:SS) 14:47:47 Date: Frame(HH:MM:SS)

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

General Information

Date: ������� Contractor: �	

	��_	�`kv+{
AFE / W.O.#: |������� Company Rep / Inspector:
Segment: ��~���� Water Depth (ft):
Longitude: Latitude:

External Pipe Coating Inspection Results

 General Area � Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2): 3.17 (1’7”x2’)

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

Corrosion present: �YES               �NO  Biota present:              �YES   � NO  

Dislodged coating observed on the lake floor:  �YES    �NO Lake floor location 
wrt pipe: 3-9 o’clock

Comments/Issues/Discussion

EAOI-6 is between E-33 and E-34B

Minimum DFT thickness recorded was 100 mils, so no CP measurements were obtained.

Opportunistic sampling of dislodged outer wrap was performed (found laying on lake floor).

No external corrosion was detected by dive team.

Contractor Signature Enbridge Representative/ Inspector Signature
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External Pipeline Inspection Form for L5 Straits of Mackinac 

Coating Gauge Information
Manufacturer: Elcometer Inspection Equip Product: 211 Coating Thickness Gauge
Last Calibrated: 08/09/2017 Next Calibration Due: 08/09/2018
Gauge verified prior to use: �YES   � NO

Coating Thickness Inspection Data

Thickness Measure (mil) Area of Interest <��=>?@ABC�DEACFDGHDID=���D <��=>?@ABC�DEACFDGJDKDL?��
South End #1 130 120 120

#2 125 130 100
#3 145 135 136

North End #4 130 122 125
#5 120 120 135
#6 160 135 139

Average Thickness 135 127 125
Additional Coating Thickness Inspection Data (A/R)

Visual Inspection (General Coating Condition)
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 09/05/17 Frame(HH:MM:SS) 14:00:07 Date: 09/05/17 Frame(HH:MM:SS) 14:00:14

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

General Information

Date:T ��U��UXY Contractor: Z[\\[]^T_[]`kvT+{
AFE / W.O.#: |������� Company Rep / Inspector:
Segment: �~���Y Water Depth (ft):
Longitude: Latitude:

External Pipe Coating Inspection Results

Coating Condition � Disturbed Area      �Dislodged Coating   
�Holiday �Other

Size of anomaly 
(ft2): 7.08 (2’5” X 2’10”)

Feature 1 � Disturbed Area      �Dislodged Coating   
�Holiday �Other

Size of anomaly 
(ft2): 0.04 (3” X2”)

� Disturbed Area      �Dislodged Coating   
�Holiday �Other

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday �Other

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday �Other

Size of anomaly 
(ft2):

Corrosion present: �YES               �NO  Biota present:           �YES   � NO  

Dislodged coating observed on the lake floor:  �YES    �NO Lake floor location 
wrt pipe: N/A (pipe is suspended)

Comments/Issues/Discussion

EAOI-7 is located in Span E-35.  This area of disturbed biota contains one area of white deposit.

DFT measurements indicate normal coating thickness through the entire area inspected, with slightly 
thinner coating adjacent to the white deposit.

The Polatrak CP gun was used to test for coating holiday through the white deposit, but valid CP 
measurements could not be obtained.  This indicates the presence of a resistive or isolating coating 
on the pipe surface.

Contractor Signature Enbridge Representative/ Inspector Signature
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External Pipeline Inspection Form for L5 Straits of Mackinac 

Coating Gauge Information
Manufacturer: Elcometer Inspection Equip Product: 211 Coating Thickness Gauge
Last Calibrated: 08/09/2017 Next Calibration Due: 08/09/2018
Gauge verified prior to use: �YES   � NO

Coating Thickness Inspection Data

Thickness Measure (mil) Area of Interest <��=>?@ABC�DEACFDGHDID=���D <��=>?@ABC�DEACFDGJDKDL?��
South End #1 111 106 114

#2 104 109 100
#3 135 113 126

                         North End #4 159 160 160
#5 166 200 190
#6 190 120 110

Average Thickness 144 134 133
Additional Coating Thickness Inspection Data (A/R)* (see note below)

Centerline of AOI Adjacent to white 
substance

134 63
104 75
119 95

CP gun was pressed firmly into the white deposit, but valid CP readings could not be obtained.

Visual Inspection (General Coating Condition)
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 09/05/17 Frame(HH:MM:SS) 12:24:13 Date: 09/05/17 Frame(HH:MM:SS) 12:23:58

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

General Information

Date:T ��U��U�� Contractor: �����	
T��	��T��
AFE / W.O.#: �������� Company Rep / Inspector:
Segment: �~���� Water Depth (ft):
Longitude: Latitude:

External Pipe Coating Inspection Results

1A � Disturbed Area      �Dislodged Coating   
�Holiday �Other

Size of anomaly 
(ft2): 0.23 (1’1”x2½”)

1B � Disturbed Area      �Dislodged Coating   
�Holiday �Other

Size of anomaly 
(ft2): 0.19 (1’2”x2”)

1C � Disturbed Area      �Dislodged Coating   
�Holiday �Other

Size of anomaly 
(ft2): 0.01 (1”x1½”)

1D � Disturbed Area      �Dislodged Coating   
�Holiday �Other

Size of anomaly 
(ft2): 0.92 (1’7”x7”)

1E � Disturbed Area      �Dislodged Coating   
�Holiday �Other

Size of anomaly 
(ft2): 0.67 (2’x4”)

1F � Disturbed Area      �Dislodged Coating   
�Holiday �Other

Size of anomaly 
(ft2): 0.19 (6”x4½”)

1G � Disturbed Area      �Dislodged Coating   
�Holiday �Other

Size of anomaly 
(ft2): 0.07 (4”x2½”)

1H � Disturbed Area      �Dislodged Coating   
�Holiday �Other

Size of anomaly 
(ft2): 0.003 (¾”x¾”)

1I � Disturbed Area      �Dislodged Coating   
�Holiday �Other

Size of anomaly 
(ft2): 1.33 (16”x1’)

1J � Disturbed Area      �Dislodged Coating   
�Holiday �Other

Size of anomaly 
(ft2): 0.59 (10”x8½”)

1K � Disturbed Area      �Dislodged Coating   
�Holiday �Other

Size of anomaly 
(ft2): 0.002 (¾”x½”)

1L � Disturbed Area      �Dislodged Coating   
�Holiday �Other

Size of anomaly 
(ft2): 1.04 (15”x10”)

1M � Disturbed Area      �Dislodged Coating   
�Holiday �Other

Size of anomaly 
(ft2): 0.44 (16”X4”)

1N � Disturbed Area      �Dislodged Coating   
�Holiday �Other

Size of anomaly 
(ft2): 0.28 (16”X2½”)

1O � Disturbed Area      �Dislodged Coating   
�Holiday �Other

Size of anomaly 
(ft2): 0.17 (12”X2”)

Corrosion present: �YES               �NO  Biota present:           �YES   � NO  
Dislodged coating observed on the lake floor:  �YES    �NO Lake floor location 

wrt pipe:
N/A (pipe is suspended)
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External Pipeline Inspection Form for L5 Straits of Mackinac 

������?�����	���
���	�����

EAOI-7 is located in Span E-35.  

Features 1G, 1J, 1L are classified as ‘other’ (DFT >25, no valid metal contact CP readings).

Features 1K, 1M are classified as ‘holidays’ based on diver observation.  However, DFT readings 
were >25mils and no valid CP readings could be obtained.

All other features are classified as holidays, and have valid CP readings indicated metal contact with 
pipe.

Contractor Signature Enbridge Representative/ Inspector Signature
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External Pipeline Inspection Form for L5 Straits of Mackinac 

Coating Gauge Information
Manufacturer: Elcometer Inspection Equip Product: 211 Coating Thickness Gauge
Last Calibrated: 10/06/2017 Next Calibration Due: 10/06/2018
Gauge verified prior to use: �YES   � NO

Coating Thickness Inspection Data

Thickness Measure (mil) Area of Interest ����?	�����E�����M�N����O� ����?	�����E�����P�Q��?�O
North End #1 78 200 200

#2              120 66 190
#3                96 74 220

                         South End #4 210 125 150
#5 72 115 125
#6 105 130 130

Average Thickness 113 118 169
Additional Coating Thickness Inspection Data (A/R)* (see note below)

Centerline of AOI Adjacent to white 
substance

Visual Inspection (General Coating Condition)
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 09/05/17 Frame(HH:MM:SS) 12:24:13 Date: Frame(HH:MM:SS)

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Average CP ‘OFF’ reading: -869mV.

Cathodic Protection and Coating Measurements (if Holiday is found) - 
Holiday 1A

CP Reading #1 (mV) -1235    
-1238 CP Reading #2 (mV) -1223    

-1269 CP Reading #3 (mV) -1206   
-1195

Temperature (°F) 62 DFT at Holiday (mil) <25 DFT Adjacent to Holiday (mil) 100, 250, 
109

For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 10/12/17 Frame(HH:MM:SS) 10:08:23 Date: Frame(HH:MM:SS)

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Average CP ‘OFF’ reading: -903mV.

Cathodic Protection and Coating Measurements (if Holiday is found) - 
Holiday 1B

CP Reading #1 (mV) -1185     
-1196 CP Reading #2 (mV) -1281    

-1277 CP Reading #3 (mV) -1278   
-1279

Temperature (°F) 54 DFT at Holiday (mil) <25 DFT Adjacent to Holiday (mil) 135, 102, 
126

For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 10/12/17 Frame(HH:MM:SS) 10:12:48 Date: Frame(HH:MM:SS)

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Average CP ‘OFF’ reading: -1112mV

Cathodic Protection and Coating Measurements (if Holiday is found) - 
Holiday 1C

CP Reading #1 (mV) -1511     
-1528 CP Reading #2 (mV) -1485    

-1511 CP Reading #3 (mV) -1505   
-1515

Temperature (°F) 54 DFT at Holiday (mil) 48 DFT Adjacent to Holiday (mil) 78,76,79
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 10/12/17 Frame(HH:MM:SS) 10:19:27 Date: Frame(HH:MM:SS)

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Average CP ‘Off’ reading:-1078mV

Cathodic Protection and Coating Measurements (if Holiday is found) - 
Holiday 1D

CP Reading #1 (mV) -1359    
-1370 CP Reading #2 (mV) -1355    

-1367 CP Reading #3 (mV) -1365   
-1373

Temperature (°F) 54 DFT at Holiday (mil) 37 DFT Adjacent to Holiday (mil) 71,106,42
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 10/12/17 Frame(HH:MM:SS) 10:22:32 Date: Frame(HH:MM:SS)
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External Pipeline Inspection Form for L5 Straits of Mackinac 

Average CP ‘OFF’ reading: -917mV

Cathodic Protection and Coating Measurements (if Holiday is found) - 
Holiday 1E

CP Reading #1 (mV) -1174     
-1187 CP Reading #2 (mV) -1205    

-1214 CP Reading #3 (mV) -1186  
-1087

Temperature (°F) 54 DFT at Holiday (mil) 42 DFT Adjacent to Holiday (mil) 99,88,94
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 10/12/17 Frame(HH:MM:SS) 10:28:51 Date: Frame(HH:MM:SS)
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External Pipeline Inspection Form for L5 Straits of Mackinac 

Average CP ‘OFF’ reading: -1127mV

Cathodic Protection and Coating Measurements (if Holiday is found) - 
Holiday 1F

CP Reading #1 (mV) -1568     
-1570 CP Reading #2 (mV) -1561    

-1570 CP Reading #3 (mV) -1552   
-1558

Temperature (°F) 55 DFT at Holiday (mil) <25 DFT Adjacent to Holiday (mil) 96,88,121
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 10/12/17 Frame(HH:MM:SS) 10:30:30 Date: Frame(HH:MM:SS)

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

No bare metal was observed. DFT readings>25 mils.  Valid CP readings could not be obtained (no 
pipe metal could be contacted).

Cathodic Protection and Coating Measurements (if Holiday is found) - 
Feature 1G

CP Reading #1 (mV) -272
-254 CP Reading #2 (mV) -227

-184 CP Reading #3 (mV) -251
-248

Temperature (°F) 55 DFT at Feature (mil) 68 DFT Adjacent to Feature (mil) 66, 120, 
105

For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 10/12/17 Frame(HH:MM:SS) 11:05:27 Date: Frame(HH:MM:SS)

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Average CP ‘OFF’ reading: -1073mV

Cathodic Protection and Coating Measurements (if Holiday is found) - 
Holiday 1H

CP Reading #1 (mV) -1577     
-1571 CP Reading #2 (mV) -1562   

-1547 CP Reading #3 (mV) -1575   
-1559

Temperature (°F) 55 DFT at Holiday (mil) 65 DFT Adjacent to Holiday (mil) 115, 115, 
94

For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 10/12/17 Frame(HH:MM:SS) 11:07:53 Date: Frame(HH:MM:SS)

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Average CP ‘OFF’ reading: -1053mV

Cathodic Protection and Coating Measurements (if Holiday is found) - 
Holiday 1I

CP Reading #1 (mV) -1486     
-1468 CP Reading #2 (mV) -1551    

-1508 CP Reading #3 (mV) -1524   
-1517

Temperature (°F) 59 DFT at Holiday (mil) <25 DFT Adjacent to Holiday (mil) 115,125,86
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 10/12/17 Frame(HH:MM:SS) 11:21:24 Date: Frame(HH:MM:SS)
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External Pipeline Inspection Form for L5 Straits of Mackinac 

No bare metal was observed. DFT readings>25 mils.  Valid CP readings could not be obtained (no 
pipe metal could be contacted).

Cathodic Protection and Coating Measurements (if Holiday is found) - 
Feature 1J

CP Reading #1 (mV) -270
-290 CP Reading #2 (mV) -252

-273 CP Reading #3 (mV) -401
-349

Temperature (°F) 55 DFT at Feature (mil) 51 DFT Adjacent to Feature (mil) 94, 94, 135
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 10/12/17 Frame(HH:MM:SS) 11:59:33 Date: Frame(HH:MM:SS)

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

NB: Diver observed bare metal (holiday) from visual examination, but Polartrak gun could not be 
positioned to take valid reading.  DFT of 47 mils at feature suggests the bare metal area is very small 
in relation to the apparent visual feature.  Recorded CP readings 1, 2, and 3 indicate no metal contact 
(open water readings) which are not valid pipe potential.

Cathodic Protection and Coating Measurements (if Holiday is found) - 
Holiday 1K

CP Reading #1 (mV) -311      
-282 CP Reading #2 (mV) -276     

-258 CP Reading #3 (mV) -276   
-261

Temperature (°F) 55 DFT at Holiday (mil) 47 DFT Adjacent to Holiday (mil) 94, 88, 112
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 10/12/17 Frame(HH:MM:SS) 12:01:27 Date: Frame(HH:MM:SS)

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

No bare metal was observed. DFT readings>25 mils.  Valid CP readings could not be obtained (no 
pipe metal could be contacted).

Cathodic Protection and Coating Measurements (if Holiday is found) - 
Feature 1L

CP Reading #1 (mV) -278
-265 CP Reading #2 (mV) -267

-252 CP Reading #3 (mV) -280
-259

Temperature (°F) 54 DFT at Feature (mil) 88 DFT Adjacent to Feature (mil) 88, 94, 98
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 10/12/17 Frame(HH:MM:SS) 12:01:59 Date: Frame(HH:MM:SS)

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

NB: Diver observed bare metal (holiday) from visual examination, but Polartrak gun could not be 
positioned to take valid reading.  DFT of 71 mils at feature suggests the bare metal area is very small 
in relation to the apparent visual feature.  Recorded CP readings 1, 2, and 3 indicate no metal contact 
(open water readings) which are not valid pipe potential.

Cathodic Protection and Coating Measurements (if Holiday is found) - 
Holiday 1M

CP Reading #1 (mV) -434      
-429 CP Reading #2 (mV) -407     

-403 CP Reading #3 (mV) -446   
-416

Temperature (°F) 55 DFT at Holiday (mil) 71 DFT Adjacent to Holiday (mil) 84, 83, 104
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 10/12/17 Frame(HH:MM:SS) 12:03:45 Date: Frame(HH:MM:SS)

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Average CP ‘OFF’ reading: -913mV.  Note that CP reading #2 may have been affected by surface 
contact resistance between Polatrack gun and pipe steel.

Cathodic Protection and Coating Measurements (if Holiday is found) - 
Holiday 1N

CP Reading #1 (mV) -1436      
-1430 CP Reading #2 (mV) -1025      

-1043 CP Reading #3 (mV) -1401 
-1406

Temperature (°F) 59 DFT at Holiday (mil) 29 DFT Adjacent to Holiday (mil) 115, 116, 
72

For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 10/12/17 Frame(HH:MM:SS) 12:05:18 Date: Frame(HH:MM:SS)

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Average CP ‘OFF’ reading: -970mV

Cathodic Protection and Coating Measurements (if Holiday is found) - 
Holiday 1O

CP Reading #1 (mV) -1291    
-1302 CP Reading #2 (mV) -1466    

-1459 CP Reading #3 (mV) -1212   
-1218

Temperature (°F) 59 DFT at Holiday (mil) 29 DFT Adjacent to Holiday (mil) 78,120,96
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 10/12/17 Frame(HH:MM:SS) 12:05:59 Date: Frame(HH:MM:SS)

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

General Information

Date: �������� Contractor: �����	
	_�	`kv	+{
AFE / W.O.#: |������� Company Rep / Inspector:
Segment: �~���� Water Depth (ft):
Longitude: Latitude:

External Pipe Coating Inspection Results

 General Area � Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2): 3.67 (1’10”x2’)

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

Corrosion present: �YES               �NO  Biota present:              �YES   � NO  

Dislodged coating observed on the lake floor:  �YES    �NO Lake floor location 
wrt pipe: N/A (pipe is suspended)

Comments/Issues/Discussion

EAOI-8 is in Span E-30

Minimum DFT thickness recorded was 94 mils, so no CP measurements were obtained.

Diver identified the outer layer as being loose.

No external corrosion was detected by dive team.

Contractor Signature Enbridge Representative/ Inspector Signature

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Coating Gauge Information
Manufacturer: Elcometer Inspection Equip Product: 211 Coating Thickness Gauge
Last Calibrated: 08/09/2017 Next Calibration Due: 08/09/2018
Gauge verified prior to use: �YES   � NO

Coating Thickness Inspection Data

Thickness Measure (mil) Area of Interest <��=>?@ABC�DEACFDGHDID=���D <��=>?@ABC�DEACFDGJDKDL?��
South End #1 125 135 94

#2 140 115 100
#3 120 145 95

North End #4 140 115 110
#5 130 115 115
#6 115 100 105

Average Thickness 128 120 103
Additional Coating Thickness Inspection Data (A/R)

Visual Inspection (General Coating Condition)
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 09/06/17 Frame(HH:MM:SS) 08:56:29 Date: 09/06/17 Frame(HH:MM:SS) 09:45:37

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

General Information

Date: �������� Contractor: �����	
	_�	`kv	+{
AFE / W.O.#: |������� Company Rep / Inspector:
Segment: �~���� Water Depth (ft):
Longitude: Latitude:

External Pipe Coating Inspection Results

 General Area � Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2): 0.71 (1’5”x6”)

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

Corrosion present: �YES               �NO  Biota present:              �YES   � NO  

Dislodged coating observed on the lake floor:  �YES    �NO Lake floor location 
wrt pipe: 2-9 o’clock

Comments/Issues/Discussion

EAOI-9 is between E-24 and E-25

Minimum DFT thickness recorded was 80 mils, so no CP measurements were obtained.

Opportunistic sampling of coating and banding was recovered from the lake floor beside the pipe.

No external corrosion was detected by dive team.

Contractor Signature Enbridge Representative/ Inspector Signature

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Coating Gauge Information
Manufacturer: Elcometer Inspection Equip Product: 211 Coating Thickness Gauge
Last Calibrated: 08/09/2017 Next Calibration Due: 08/09/2018
Gauge verified prior to use: �YES   � NO

Coating Thickness Inspection Data

Thickness Measure (mil) Area of Interest <��=>?@ABC�DEACFDGHDID=���D <��=>?@ABC�DEACFDGJDKDL?��
South End #1 115 140 145

#2 115 110 125
#3 110 125 140

North End #4 95 80 120
#5 85 105 120
#6 95 120 115

Average Thickness 102 113 127
Additional Coating Thickness Inspection Data (A/R)

Visual Inspection (General Coating Condition)
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 09/06/17 Frame(HH:MM:SS) 11:13:28 Date: 09/06/17 Frame(HH:MM:SS) 11:13:33

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

General Information

Date: ��������XY Contractor: Z[\\[]^��[]����	

AFE / W.O.#: �������� Company Rep / Inspector:
Segment: ~���X� Water Depth (ft):
Longitude: Latitude:

External Pipe Coating Inspection Results

 General Area � Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2): 8.83 (4’5”x2’)

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

Corrosion present: �YES               �NO  Biota present:              �YES   � NO  

Dislodged coating observed on the lake floor:  �YES    �NO Lake floor location 
wrt pipe: 1-11 o’clock

Comments/Issues/Discussion

EAOI-10 between E-77 and E-26 

The diver described what appeared to be a ‘scratch in the coating @ 12:00.  However, DFT thickness 
readings in this area were 95 mils, indicating intact coating.  Minimum DFT thickness recorded was 
89 mils, so no CP measurements were obtained.

Diver observed ‘bands’ in the lake bed at this AOI.

A loose piece of outerwrap was recovered and brought to surface.

No external corrosion was detected by dive team.

Contractor Signature Enbridge Representative/ Inspector Signature

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Coating Gauge Information
Manufacturer: Elcometer Inspection Equip Product: 211 Coating Thickness Gauge
Last Calibrated: 08/09/2017 Next Calibration Due: 08/09/2018
Gauge verified prior to use: �YES   � NO

Coating Thickness Inspection Data

Thickness Measure (mil) Area of Interest <��=>?@ABC�DEACFDGHDID=���D <��=>?@ABC�DEACFDGJDKDL?��
South End #1 115 125 105

#2 125 135 120
#3 120 145 130

North End #4 89 95 100
#5 105 99 105
#6 94 94 115

Average Thickness 108 115 112
Additional Coating Thickness Inspection Data (A/R)

C/L of AOI, close as 
possible to 12 o’clock

135
160
140

Visual Inspection (General Coating Condition)
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 09/06/17 Frame(HH:MM:SS) 12:26:44 Date: 09/06/17 Frame(HH:MM:SS) 12:27:34

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

General Information

Date: ������XY Contractor: Z[\\[]^��[]����	

AFE / W.O.#: ������� Company Rep / Inspector:
Segment: �~���XX Water Depth (ft):
Longitude: Latitude:

External Pipe Coating Inspection Results

 General Area � Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2): 0.02 (1.3” x 1.9”)

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

Corrosion present: �YES               �NO  Biota present:              �YES   � NO  

Dislodged coating observed on the lake floor:  �YES    �NO Lake floor location 
wrt pipe: 2-10 o’clock

Comments/Issues/Discussion

EAOI-11 is between E-74 and E-71

Minimum DFT thickness recorded was 105 mils, so no CP measurements were obtained.

No external corrosion was detected by dive team.

Contractor Signature Enbridge Representative/ Inspector Signature

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Coating Gauge Information
Manufacturer: Elcometer Inspection Equip Product: 211 Coating Thickness Gauge
Last Calibrated: 08/09/2017 Next Calibration Due: 08/09/2018
Gauge verified prior to use: �YES   � NO

Coating Thickness Inspection Data

Thickness Measure (mil) Area of Interest <��=>?@ABC�DEACFDGHDID=���D <��=>?@ABC�DEACFDGJDKDL?��
South End #1 125 135 140

#2 125 130 105
#3 125 135 115

North End #4 120 190 195
#5 190 200 190
#6 180 185 200

Average Thickness 144 162 157
Additional Coating Thickness Inspection Data (A/R)

Visual Inspection (General Coating Condition)
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 08/24/17 Frame(HH:MM:SS) 17:05:42 Date: 08/24/17 Frame(HH:MM:SS) 15:50:39

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

General Information

Date: 
�����
� Contractor: ��������	��
����
AFE / W.O.#: �������� Company Rep / Inspector:
Segment: �~��� Water Depth (ft):
Longitude: Latitude:

External Pipe Coating Inspection Results

1B 12:00 � Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2): 0.02 (1”x 3-1/2”)

1C  9:00 � Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2): 0.01 (1”x1-1/2”)

1D  7:00 � Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2): 0.50 (1-1/2”x4’)

1E  6:00 � Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2): 0.32 (1-1/2”x2’7”)

1F  9:00 � Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2): 0.03 (1-1/4”x3”)

Corrosion present: �YES               �NO (see note 1) Biota present:              �YES   � NO  

Dislodged coating observed on the lake floor:  �YES    �NO Lake floor location 
wrt pipe: In span 10-18”

Comments/Issues/Discussion

EAS-1 within span of E-72. 

1B and 1C are on a girth weld (Same GW)

(1) Dive video shows an area of discoloration beneath coating (upon removal of dislodged coating by 
the diver). Inspection of pipe after wire brushing did not reveal metal loss. 

No external corrosion was detected by dive team.

Contractor Signature Enbridge Representative/ Inspector Signature

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Coating Gauge Information
Manufacturer: Elcometer Inspection Equip Product: 211 Coating Thickness Gauge
Last Calibrated: 09/15/2017 Next Calibration Due: 09/15/2018
Gauge verified prior to use: �YES   � NO

Coating Thickness Inspection Data

Thickness Measure (mil) Area of Interest <��=>?@ABC�DEACFDGHDID=���D <��=>?@ABC�DEACFDGJDKDL?��
South #1 N/A N/A N/A 

#2 N/A N/A N/A 
#3 N/A N/A N/A 
#4 N/A N/A N/A
#5 N/A N/A N/A
#6 N/A N/A N/A

Average Thickness 
Additional Coating Thickness Inspection Data (A/R)

Visual Inspection (General Coating Condition)
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: Frame(HH:MM:SS) Date: Frame(HH:MM:SS)

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

NB: CP Readings #2 and #3 are suspected to be impacted by contact resistance (some coating or 
other resistive material between probe tip and pipe metal).

Alternatively, the ~200mV variation might be attributable to rectifier interruption during these 
measurements (consistent with Holidays 1B, 1D, and 1F; while 1E’s only valid CP readings are in the 
range of -1400mV CSE).

Cathodic Protection and Coating Measurements (if Holiday is found) - 
Holiday 1B

CP Reading #1 (mV) -1616    
-1606 CP Reading #2 (mV) -1394    

-1418 CP Reading #3 (mV) -1390   
-1407

Temperature (°F) 56 DFT at Holiday (mil) � 25 DFT Adjacent to Holiday (mil) 160,190,105
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 10/06/17 Frame(HH:MM:SS) 11:19:42 Date: Frame(HH:MM:SS)

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

NB: CP Readings #2 and #3 are suspected to be impacted by contact resistance (some coating or 
other resistive material between probe tip and pipe metal).

The only valid CP readings from this holiday are similar in magnitude to the most electronegative 
readings from Holidays 1B, 1C, and 1F)

Cathodic Protection and Coating Measurements (if Holiday is found) - 
Holiday 1C

CP Reading #1 (mV) -1569
-1578 CP Reading #2 (mV) -956

-998 CP Reading #3 (mV) -945
-960

Temperature (°F) 56 DFT at Holiday (mil) � 25 DFT Adjacent to Holiday (mil) 110,72,120
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 10/06/17 Frame(HH:MM:SS) 11:24:38 Date: Frame(HH:MM:SS)

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

NB: CP Readings #1 (top) is suspected to be impacted by contact resistance (this may be caused by 
slight movement of probe tip in between top and bottom readings).

Alternatively, the ~300-350mV variation might be attributable to rectifier interruption during these 
measurements (this is slightly greater than the variations observed at Holidays 1B, and 1F; while 1E’s 
only valid CP readings are in the range of -1400mV CSE).

Cathodic Protection and Coating Measurements (if Holiday is found) - 
Holiday 1D

CP Reading #1 (mV) -1133
-1496 CP Reading #2 (mV) -1437

-1439 CP Reading #3 (mV) -1471
-1460

Temperature (°F) 56 DFT at Holiday (mil) � 25 DFT Adjacent to Holiday (mil) 170, 160, 
135

For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 10/06/17 Frame(HH:MM:SS) 11:28:50 Date: Frame(HH:MM:SS)

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

NB: CP Readings #1 and #2 are suspected to be impacted by contact resistance (some coating or 
other resistive material between probe tip and pipe metal).

The only valid CP readings at this holiday is consistent with some of the readings from other holidays 
at this location.

Cathodic Protection and Coating Measurements (if Holiday is found) - 
Holiday 1E

CP Reading #1 (mV) -600
-591 CP Reading #2 (mV) -530

-501 CP Reading #3 (mV) -1406
-1403

Temperature (°F) 56 DFT at Holiday (mil) � 25 DFT Adjacent to Holiday (mil) 198, 98, 120
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 10/06/17 Frame(HH:MM:SS) 11:34:57 Date: Frame(HH:MM:SS)

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

NB: CP Readings #2 and #3 are suspected to be impacted by contact resistance (some coating or 
other resistive material between probe tip and pipe metal).

Alternatively, the ~200mV variation might be attributable to rectifier interruption during these 
measurements (consistent with Holidays 1B, 1D, and 1F; while 1E’s only valid CP readings are in the 
range of -1400mV CSE).

Cathodic Protection and Coating Measurements (if Holiday is found) - 
Holiday 1F

CP Reading #1 (mV) -1669     
-1674 CP Reading #2 (mV) -1478    

-1494 CP Reading #3 (mV) -1478   
-1494

Temperature (°F) 56 DFT at Holiday (mil) 85 DFT Adjacent to Holiday (mil) 130, 130, 
125

For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 10/06/17 Frame(HH:MM:SS) 11:35:09 Date: Frame(HH:MM:SS)

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

General Information

Date: ��������Y Contractor: Z[\\[]^��[]����	

AFE / W.O.#: ������� Company Rep / Inspector:
Segment: �~��� Water Depth (ft):
Longitude: Latitude:

External Pipe Coating Inspection Results

 General Area � Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2): 48.84 (46’x 1.74’)

Holiday 1 � Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2): 0.01 (3.0”x0.5”)

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

Corrosion present: �YES               �NO  Biota present:              �YES   � NO  

Dislodged coating observed on the lake floor:  �YES    �NO Lake floor location 
wrt pipe: N/A (pipe is suspended)

Comments/Issues/Discussion

EAS-1 within span of E-72. Total span is 46’ long, within the areas of 10:00 and 2:00.  
South End Lat: long 
North End Lat: 
Center Line listed in general information above.

One (1) feature with DFT measurements below the minimum resolvable thickness of gauge was 
found.  The Polatrak CP gun was used to confirm the existence of bare metal:  

Holiday 1 presented average CP reading of -1680mV CSE (holiday confirmed).  Holiday found in 
coating at coordinates Lat:  Long:   

No external corrosion was detected by dive team.

Contractor Signature Enbridge Representative/ Inspector Signature

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Coating Gauge Information
Manufacturer: Elcometer Inspection Equip Product: 211 Coating Thickness Gauge
Last Calibrated: 08/09/2017 Next Calibration Due: 08/09/2018
Gauge verified prior to use: �YES   � NO

Coating Thickness Inspection Data

Thickness Measure (mil) Area of Interest <��=>?@ABC�DEACFDGHDID=���D <��=>?@ABC�DEACFDGJDKDL?��
North End #1 115 125 130

#2 109 135 130
#3 115 136 140

South End #4 120 145 140
#5 120 128 130
#6 101 130 134

Average Thickness 113 133 134
Additional Coating Thickness Inspection Data (A/R)
Close as possible to 9 

o’clock
Close as possible to 12 

o’clock
Close as possible to 2 

o’clock
North End 104 120 122

--- 104 115 118
South End 130 130 140

Visual Inspection (General Coating Condition)
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 8/15/17 Frame(HH:MM:SS) 09:26:36 Date: 8/15/17 Frame(HH:MM:SS) 09:27:04

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Cathodic Protection and Coating Measurements (if Holiday is found) - 
Holiday 1

CP Reading #1 (mV) -1676
-1683 CP Reading #2 (mV) -1674

-1681 CP Reading #3 (mV) -1690
-1674

Temperature (°F) NR DFT at Holiday (mil) � 25 DFT Adjacent to Holiday (mil) 96, 94, 95
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 8/15/17 Frame(HH:MM:SS)   13:02:03 Date: 8/15/17 Frame(HH:MM:SS) 13:05:42

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

General Information

Date: �������XY Contractor: Z[\\[]^��[]����	

AFE / W.O.#: ������� Company Rep / Inspector:
Segment: �~��� Water Depth (ft):
Longitude: Latitude:

External Pipe Coating Inspection Results

Coating Condition � Disturbed Area      �Dislodged Coating   
�Holiday �Other

Size of anomaly 
(ft2): 0.14 (2.5” x 8”)

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

Corrosion present: �YES               �NO  Biota present:           �YES   � NO  

Dislodged coating observed on the lake floor:  �YES    �NO Lake floor location 
wrt pipe: N/A (pipe is suspended)

Comments/Issues/Discussion

EAS-2 is within span of E-74.  

DFT measurements indicate normal coating thickness through majority of area, with one small area of 
slightly reduced thickness, which may indicate possible dislodgement of outer wrap.  This could not 
be confirmed due to the presence of a white deposit.

The Polatrak CP gun was used to check for coating holiday through the white deposit. CP 
measurements could not be obtained, indicating the corrosion barrier coating is intact.

It is recommended to revisit this site to destructively remove the white deposit and inspect the coating 
condition beneath it.  This should be performed during the recoating project so that any resulting 
coating damage can be repaired.

Contractor Signature Enbridge Representative/ Inspector Signature

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Coating Gauge Information
Manufacturer: Elcometer Inspection Equip Product: 211 Coating Thickness Gauge
Last Calibrated: 08/09/2017 Next Calibration Due: 08/09/2018
Gauge verified prior to use: �YES   � NO

Coating Thickness Inspection Data

Thickness Measure (mil) Area of Interest <��=>?@ABC�DEACFDGHDID=���D <��=>?@ABC�DEACFDGJDKDL?��
North End #1 135 130 115

#2 140 130 115
#3 110 140 120

South End #4 117 119 125
#5 130 94 130
#6 70 150 135

Average Thickness 117 127 121
Additional Coating Thickness Inspection Data (A/R)

Visual Inspection (General Coating Condition)
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 8/24/17 Frame(HH:MM:SS) 14:11:12 Date: 8/24/17 Frame(HH:MM:SS) 14:38:33

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Note: CP readings at this feature were recorded with the probe of Polatrak CP gun pressed firmly 
through the white substance covering the pipe.  These readings were identical to ‘open water’ CP 
readings, which were recorded with the CP gun probe close to (but not touching) the pipe.

Cathodic Protection and Coating Measurements (if Holiday is found)
(note: holiday could not be confirmed)

CP Reading #1 (mV)
See note (below)

-261
-291 CP Reading #2 (mV) N/R CP Reading #3 (mV) N/R

Temperature (°F) NR DFT at Feature (mil) � 70
avg.117 DFT Adjacent to Feature (mil) � 94

avg.127
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 8/24/17 Frame(HH:MM:SS)   14:11:12 Date: 8/24/17 Frame(HH:MM:SS) 14:38:33

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

General Information

Date: �������XY Contractor: Z[\\[]^��[]�	
���
AFE / W.O.#: ������� Company Rep / Inspector:
Segment: }~��� Water Depth (ft):
Longitude: Latitude:

External Pipe Coating Inspection Results

Coating Condition � Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2): 0.93 (8”x1.4’)

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

Corrosion present: �YES               �NO  Biota present:              �YES   � NO  

Dislodged coating observed on the lake floor:  �YES    �NO Lake floor location 
wrt pipe: Pipe suspended

Comments/Issues/Discussion

East Additional Site #3 (South of E-22).

DFT measurements at the feature are below the minimum resolvable thickness of gauge.  
The Polatrak CP gun was used to confirm the existence of bare metal: 
 
Holiday 1 presented average CP reading of -848mV CSE (holiday confirmed).  

No external corrosion was detected by dive team.

Enbridge Representative/ Inspector Signature

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Coating Gauge Information
Manufacturer: Elcometer Inspection Equip Product: 211 Coating Thickness Gauge
Last Calibrated: 08/09/2017 Next Calibration Due: 08/09/2018
Gauge verified prior to use: �YES   � NO

Coating Thickness Inspection Data

Thickness Measure (mil) Area of Interest <��=>?@ABC�DEACFDGHDID=���D <��=>?@ABC�DEACFDGJDKDL?��
North End #1 105 85 130

#2 ��� 120 120
#3 115 115 130

South End #4 ��� 80 100
#5 ��� 80 100
#6 ��� 125 105

Average Thickness 101 114
Additional Coating Thickness Inspection Data (A/R)

Visual Inspection (General Coating Condition and Holiday 1)
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 8/29/17 Frame(HH:MM:SS) 10:35:09 Date: 8/29/17 Frame(HH:MM:SS) 10:35:44

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Cathodic Protection and Coating Measurements (if Holiday is found) - 
Holiday 1

CP Reading #1 (mV) -852
-886 CP Reading #2 (mV) -804

-842 CP Reading #3 (mV) -834
-875

Temperature (°F) 44 DFT at Holiday (mil) � 25 DFT Adjacent to Holiday (mil) 80, 80, 125
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 8/29/17 Frame(HH:MM:SS) 10:35:09 Date: 8/29/17 Frame(HH:MM:SS) 10:35:44

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

General Information

Date: �������XY Contractor: Z[\\[]^��[]�	
���
AFE / W.O.#: ������� Company Rep / Inspector:
Segment: �~��� Water Depth (ft):
Longitude: Latitude:

External Pipe Coating Inspection Results

 General Area � Disturbed Area      �Dislodged 
Coating   �Holiday 

Size of anomaly 
(ft2): 3.0 (1’6” X 2’)

Holiday 1 � Disturbed Area      �Dislodged 
Coating   �Holiday 

Size of anomaly 
(ft2): 0.53 (7” X 11”)

Holiday 2 � Disturbed Area      �Dislodged 
Coating   �Holiday 

Size of anomaly 
(ft2): 1.11 (1’4” X 10”)

� Disturbed Area      �Dislodged 
Coating   �Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged 
Coating   �Holiday 

Size of anomaly 
(ft2):

Corrosion present: �YES               �NO  Biota present:              �YES   � NO  

Dislodged coating observed on the lake floor:  �YES    �NO Lake floor location 
wrt pipe: Pipe buried

Comments/Issues/Discussion

East Additional Site #4.

Two (2) features with DFT measurements below the minimum resolvable thickness of gauge were 
found.  The Polatrak CP gun was used to confirm the existence of bare metal:  
Holiday 1 presented average CP reading of -963mV CSE (holiday confirmed).  
Holiday 2 presented average CP reading of -958mV CSE (holiday confirmed).

No external corrosion was detected by dive team.

Contractor Signature Enbridge Representative/ Inspector Signature

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Coating Gauge Information
Manufacturer: Elcometer Inspection Equip Product: 211 Coating Thickness Gauge
Last Calibrated: 08/09/2017 Next Calibration Due: 08/09/2018
Gauge verified prior to use: �YES   � NO

Coating Thickness Inspection Data

Thickness Measure (mil) Area of Interest <��=>?@ABC�DEACFDGHDID=���D <��=>?@ABC�DEACFDGJDKDL?��
North End #1 ��� N/R (see note, below) N/R

#2 ��� N/R N/R
#3 ��� N/R N/R

South End #4 ��� N/R N/R
#5 ��� N/R N/R
#6 ��� N/R N/R

Average Thickness 

Additional Coating Thickness Inspection Data (A/R)
Note: coating thickness in undisturbed areas around the cable rub could not be obtained due to the presence of silt and 
soil (lake bed).  The pipe is below the level of the lake bed.  See Holiday 1 and Holiday 2 ‘DFT thicknesses adjacent to the 
Holidays’ for representative coating thickness in the area.

Visual Inspection (General Coating Condition, Holidays 1 and 2)
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video sdurveillance.

Date: 8/30/17 Frame(HH:MM:SS) 09:17:44 Date: 8/30/17 Frame(HH:MM:SS) 08:55:25

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Cathodic Protection and Coating Measurements (if Holiday is found) - 
Holiday 1

CP Reading #1 (mV) -955
-991 CP Reading #2 (mV) -938

-965 CP Reading #3 (mV) -951
-979

Temperature (°F) 44 DFT at Holiday (mil) � 25 DFT Adjacent to Holiday (mil) 96, 84, 100, 
135

For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 8/30/17 Frame(HH:MM:SS) 8:58:31 Date: 8/30/17 Frame(HH:MM:SS) 9:17:40

Cathodic Protection and Coating Measurements (if Holiday is found) - 
Holiday 2

CP Reading #1 (mV) -981
-1012 CP Reading #2 (mV) -907

-933 CP Reading #3 (mV) -944
-974

Temperature (°F) 44 DFT at Holiday (mil) � 25 DFT Adjacent to Holiday (mil) 105, 140, 
76, 95, 84

For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 8/30/17 Frame(HH:MM:SS) 10:03:31 Date: 8/30/17 Frame(HH:MM:SS) 10:14:55

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

General Information

Date: �������� Contractor: ������	
�����
��
AFE / W.O.#: �������� Company Rep / Inspector:
Segment: �~���� Water Depth (ft):
Longitude: Latitude:

External Pipe Coating Inspection Results

 General Area � Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2): 1.65 (1’2”x1’5”)

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

Corrosion present: �YES               �NO  Biota present:              �YES   � NO  

Dislodged coating observed on the lake floor:  �YES    �NO Lake floor location 
wrt pipe: 6 o clock

Comments/Issues/Discussion

WAOI-1 is South of span W-54

Minimum DFT thickness recorded was 100 mils, so no CP measurements were obtained.

A coating-like material (12” X 16.75”, 3 mm thick) was found leaning against the east side of the pipe 
and was brought to surface.

No external corrosion was detected by dive team.

Contractor Signature Enbridge Representative/ Inspector Signature

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Coating Gauge Information
Manufacturer: Elcometer Inspection Equip Product: 211 Coating Thickness Gauge
Last Calibrated: 08/09/2017 Next Calibration Due: 08/09/2018
Gauge verified prior to use: �YES   � NO

Coating Thickness Inspection Data

Thickness Measure (mil) Area of Interest <��=>?@ABC�DEACFDGHDID=���D <��=>?@ABC�DEACFDGJDKDL?��
South End #1 119 100 120

#2 105 135 115
#3 136 123 116

North End #4 126 123 119
#5 109 119 128
#6 131 110 141

Average Thickness 121 118 123
Additional Coating Thickness Inspection Data (A/R)

Visual Inspection (General Coating Condition)
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 09/07/17 Frame(HH:MM:SS) 08:55:54 Date: 09/07/17 Frame(HH:MM:SS) 10:54:37

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

General Information

Date: �������� Contractor: ������	
�����
��
AFE / W.O.#: �������� Company Rep / Inspector:
Segment: �~���� Water Depth (ft):
Longitude: Latitude:

External Pipe Coating Inspection Results

 General Area � Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2): 5.0 (5’x1’)

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

Corrosion present: �YES               �NO  Biota present:              �YES   � NO  

Dislodged coating observed on the lake floor:  �YES    �NO Lake floor location 
wrt pipe: N/A (pipe is suspended)

Comments/Issues/Discussion

WAOI-2 is in span W-68A

Minimum DFT thickness recorded was 95 mils, so no CP measurements were obtained.

No external corrosion was detected by dive team.

Contractor Signature Enbridge Representative/ Inspector Signature

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Coating Gauge Information
Manufacturer: Elcometer Inspection Equip Product: 211 Coating Thickness Gauge
Last Calibrated: 08/09/2017 Next Calibration Due: 08/09/2018
Gauge verified prior to use: �YES   � NO

Coating Thickness Inspection Data

Thickness Measure (mil) Area of Interest <��=>?@ABC�DEACFDGHDID=���D <��=>?@ABC�DEACFDGJDKDL?��
South End #1 105 105 100

#2 100 130 110
#3 135 130 130

North End #4 115 95 105
#5 135 130 120
#6 120 110 105

Average Thickness 118 116 112
Additional Coating Thickness Inspection Data (A/R)

Visual Inspection (General Coating Condition)
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 09/07/17 Frame(HH:MM:SS) 14:39:54 Date: 09/07/17 Frame(HH:MM:SS) 16:06:16

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

General Information

Date: �������XY Contractor: Z[\\[]^��[]�	
���
AFE / W.O.#: ������� Company Rep / Inspector:
Segment: �~���� Water Depth (ft):
Longitude: Latitude:

External Pipe Coating Inspection Results

 General Area � Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2): 3.84 (1 .2’ X 3.2’)

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

Corrosion present: �YES               �NO  Biota present:              �YES   � NO  

Dislodged coating observed on the lake floor:  �YES    �NO Lake floor location 
wrt pipe: N/A (pipe is suspended)

Comments/Issues/Discussion

WAOI-3 is in span W-70

Minimum DFT thickness recorded was 83 mils, so no CP measurements were obtained.

No external corrosion was detected by dive team.

Contractor Signature Enbridge Representative/ Inspector Signature

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Coating Gauge Information
Manufacturer: Elcometer Inspection Equip Product: 211 Coating Thickness Gauge
Last Calibrated: 08/09/2017 Next Calibration Due: 08/09/2018
Gauge verified prior to use: �YES   � NO

Coating Thickness Inspection Data

Thickness Measure (mil) Area of Interest <��=>?@ABC�DEACFDGHDID=���D <��=>?@ABC�DEACFDGJDKDL?��
South End #1 84 88 110

#2 89 95 104
#3 120 116 88

North End #4 83 210 90
#5 112 120 108
#6 190 225 124

Average Thickness 113 142 104
Additional Coating Thickness Inspection Data (A/R)

Visual Inspection (General Coating Condition)
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 08/26/17 Frame(HH:MM:SS) 12:54:10 Date: 08/26/17 Frame(HH:MM:SS) 14:30:02

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

General Information

Date: ��������XY Contractor: Z[\\[]^��[]�	
���
AFE / W.O.#: ������ Company Rep / Inspector:
Segment: �~���� Water Depth (ft):
Longitude: Latitude:

External Pipe Coating Inspection Results

 General Area � Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2): 3.66 (1’5”x2’7”)

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

Corrosion present: �YES               �NO  Biota present:              �YES   � NO  

Dislodged coating observed on the lake floor:  �YES    �NO Lake floor location 
wrt pipe: N/A (pipe is suspended)

Comments/Issues/Discussion

WAOI-4 is in span W-35A 

Minimum DFT thickness recorded was 84 mils, so no CP measurements were obtained.

No external corrosion was detected by dive team.

Contractor Signature Enbridge Representative/ Inspector Signature

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Coating Gauge Information
Manufacturer: Elcometer Inspection Equip Product: 211 Coating Thickness Gauge
Last Calibrated: 08/09/2017 Next Calibration Due: 08/09/2018
Gauge verified prior to use: �YES   � NO

Coating Thickness Inspection Data

Thickness Measure (mil) Area of Interest <��=>?@ABC�DEACFDGHDID=���D <��=>?@ABC�DEACFDGJDKDL?��
South End #1 180 170 100

#2 180 100 110
#3 125 104 100

North End #4 160 180 84
#5 180 170 115
#6 115 115 125

Average Thickness 156 139 105
Additional Coating Thickness Inspection Data (A/R)

Visual Inspection (General Coating Condition)
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 09/08/17 Frame(HH:MM:SS) 14:25:44 Date: 09/08/17 Frame(HH:MM:SS) 15:40:45

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

General Information

Date: ��������� Contractor: ��������_��`kv�+{
AFE / W.O.#: ������� Company Rep / Inspector:
Segment: �~���� Water Depth (ft):
Longitude: Latitude:

External Pipe Coating Inspection Results

 General Area � Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2): 2.72 (1.5’x1.11’)

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

Corrosion present: �YES               �NO  Biota present:              �YES   � NO  

Dislodged coating observed on the lake floor:  �YES    �NO Lake floor location 
wrt pipe: 3-9 o’clock

Comments/Issues/Discussion

WAOI-5 is located between W-15 and W-16 

Dislodged coating was collected from the East side of the pipe.

Minimum DFT thickness recorded was 72 mils, so no CP measurements were obtained.

No external corrosion was detected by dive team.

Contractor Signature Enbridge Representative/ Inspector Signature

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Coating Gauge Information
Manufacturer: Elcometer Inspection Equip Product: 211 Coating Thickness Gauge
Last Calibrated: 08/09/2017 Next Calibration Due: 08/09/2018
Gauge verified prior to use: �YES   � NO

Coating Thickness Inspection Data

Thickness Measure (mil) Area of Interest <��=>?@ABC�DEACFDGHDID=���D <��=>?@ABC�DEACFDGJDKDL?��
North End #1 205 215 72

#2 202 103 105
#3 115 140 75

South End #4 94 180 80
#5 105 175 115
#6 96 115 115

Average Thickness 136 155 94
Additional Coating Thickness Inspection Data (A/R)

Visual Inspection (General Coating Condition)
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 08/21/17 Frame(HH:MM:SS) 14:49:38 Date: 08/21/17 Frame(HH:MM:SS) 15:54:13

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

General Information

Date: ������� Contractor: ��������_��`kv�+{
AFE / W.O.#: |����� Company Rep / Inspector:
Segment: �~���� Water Depth (ft):
Longitude: Latitude:

External Pipe Coating Inspection Results

 General Area � Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2): 3.54 (1’3”x2’10”)

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

Corrosion present: �YES               �NO  Biota present:              �YES   � NO  

Dislodged coating observed on the lake floor:  �YES    �NO Lake floor location 
wrt pipe: 5-7 o’clock

Comments/Issues/Discussion

WAOI-6 is in span W-12 

Outer wrap of coating appears to be lifting throughout this AOI.

Minimum DFT thickness recorded was 90 mils, so no CP measurements were obtained.

No external corrosion was detected by dive team.

Contractor Signature Enbridge Representative/ Inspector Signature

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Coating Gauge Information
Manufacturer: Elcometer Inspection Equip Product: 211 Coating Thickness Gauge
Last Calibrated: 08/09/2017 Next Calibration Due: 08/09/2018
Gauge verified prior to use: �YES   � NO

Coating Thickness Inspection Data

Thickness Measure (mil) Area of Interest <��=>?@ABC�DEACFDGHDID=���D <��=>?@ABC�DEACFDGJDKDL?��
South End #1 105 94 115

#2 90 105 100
#3 125 100 110

North End #4 110 105 105
#5 120 100 110
#6 140 110 110

Average Thickness 115 102 108
Additional Coating Thickness Inspection Data (A/R)

Visual Inspection (General Coating Condition)
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 09/09/17 Frame(HH:MM:SS) 15:53:02 Date: 09/06/17 Frame(HH:MM:SS) 16:39:10

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

General Information

Date: �������XY Contractor: Z[\\[]^��[]�	
���
AFE / W.O.#: ������� Company Rep / Inspector:
Segment: �~���Y Water Depth (ft):
Longitude: Latitude:

External Pipe Coating Inspection Results

 General Area � Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2): 3.36 (1.10’ X 1.10’)

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

Corrosion present: �YES               �NO  Biota present:              �YES   � NO  

Dislodged coating observed on the lake floor:  �YES    �NO Lake floor location 
wrt pipe: 3-9 o clock

Comments/Issues/Discussion

WAOI-7 is between W-10 and W-11 

Minimum DFT thickness recorded was 70 mils, so no CP measurements were obtained.

No external corrosion was detected by dive team.

Contractor Signature Enbridge Representative/ Inspector Signaturen ge Repres

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Coating Gauge Information
Manufacturer: Elcometer Inspection Equip Product: 211 Coating Thickness Gauge
Last Calibrated: 08/09/2017 Next Calibration Due: 08/09/2018
Gauge verified prior to use: �YES   � NO

Coating Thickness Inspection Data

Thickness Measure (mil) Area of Interest <��=>?@ABC�DEACFDGHDID=���D <��=>?@ABC�DEACFDGJDKDL?��
South End #1 160 85 90

#2 160 120 115
#3 170 105 155

North End #4 84 84 70
#5 155 80 85
#6 160 160 90

Average Thickness 148 105 100
Additional Coating Thickness Inspection Data (A/R)

Visual Inspection (General Coating Condition)
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 08/29/17 Frame(HH:MM:SS) 17:00:56 Date: 08/29/17 Frame(HH:MM:SS) 18:01:45

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

General Information

Date: �������XY Contractor: Z[\\[]^��[]�	
���
AFE / W.O.#: ������ Company Rep / Inspector:
Segment: �~��X Water Depth (ft):
Longitude: Latitude:

External Pipe Coating Inspection Results

Holiday 1B � Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2): 0.01 (2½” x ¾”)

Holiday 4B � Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2): 0.01 (3” x ½”)

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

� Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2):

Corrosion present: �YES               �NO  Biota present:           �YES   � NO  

Dislodged coating observed on the lake floor:  �YES    �NO Lake floor location 
wrt pipe: N/A (pipe is suspended)

Comments/Issues/Discussion

WAS-1 within span of W-68A.   

These 2 additional features in the general area of WAS-1 were originally covered with a white 
deposit.  In preparation for recoating the original features, a decision was made to prepare these 
features for recoating at the same time; CP readings were not obtained.

Adjacent DFT documented are from original inspection of area #1 and #4 (1B and 4B were in close 
proximity to the original features 1 & 4).  Deposits were removed with hydraulic wheel to expose 
substrate large enough for UT readings.  As pipe metal was exposed using the hydraulic wheel (and 
because “other” is not an option on this template), these features have been classified as ‘holidays’.

No external corrosion was detected by dive team.

Contractor Signature Enbridge Representative/ Inspector Signature

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Coating Gauge Information
Manufacturer: Elcometer Inspection Equip Product: 211 Coating Thickness Gauge
Last Calibrated: 08/09/2017 Next Calibration Due: 08/09/2018
Gauge verified prior to use: �YES   � NO

Coating Thickness Inspection Data

Thickness Measure (mil) Area of Interest <��=>?@ABC�DEACFDGHDID=���D <��=>?@ABC�DEACFDGJDKDL?��
North End #1 80 105 105

#2 66 110 110
#3 110 105 95

South End #4 110 94 90
#5 105 95 85
#6 105 100 85

Average Thickness 96 102 95
Additional Coating Thickness Inspection Data (A/R)

Within AOI 5’ from North Within AOI 10’ from North
North End 92 98

--- 84 105
South End 80 110

Visual Inspection (General Coating Condition)
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: Frame(HH:MM:SS) Date: Frame(HH:MM:SS)

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Cathodic Protection and Coating Measurements (if Holiday is found) -
4B

CP Reading #1 (mV) N/R CP Reading #2 (mV) N/R CP Reading #3 
(mV) N/R

Temperature (°F) 42 DFT at Holiday (mil) N/R DFT Adjacent to Holiday (mil) 80, 80, 90
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 9/23/17 Frame(HH:MM:SS) 09:56:43 Date: Frame(HH:MM:SS)

Cathodic Protection and Coating Measurements (if Holiday is found) - 
 1B

CP Reading #1 (mV) N/R CP Reading #2 (mV) N/R CP Reading #3 (mV) N/R

Temperature (°F) 42 DFT at Holiday (mil) N/R DFT Adjacent to Holiday (mil) 90, 93, 110
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 9/23/17 Frame(HH:MM:SS)   10:00:34 Date: Frame(HH:MM:SS)

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

General Information

Date: �������XY Contractor: Z[\\[]^��[]�	
���
AFE / W.O.#: ������� Company Rep / Inspector:
Segment: �~��X Water Depth (ft):
Longitude: Latitude:

External Pipe Coating Inspection Results

 General Area � Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2): 20.8 (13’ x 1.6’)

Holiday 1 � Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2): 0.06 (9” x 1”)

Holiday 2 � Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2): 0.24 (1’2” x 2.5”)

Holiday 3 � Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2): 0.07 (1’7” x ½”)

Holiday 4 � Disturbed Area      �Dislodged Coating   
�Holiday 

Size of anomaly 
(ft2): 0.01 (1’3” x 1/8”)

Corrosion present: �YES               �NO  Biota present:           �YES   � NO  

Dislodged coating observed on the lake floor:  �YES    �NO Lake floor location 
wrt pipe: N/A (pipe is suspended)

Comments/Issues/Discussion

WAS-1 within span of W-68A.  Four (4) features with DFT measurements below the minimum 
resolvable thickness of gauge were found.  The Polatrak CP gun was used to confirm the existence of 
bare metal at the following features:  

Holiday 1 presented average CP reading of -1312mV CSE (holiday confirmed).  
Holiday 2 presented average CP reading of -1312mV CSE (holiday confirmed).   
Holiday 3 presented average CP reading of -1365mV CSE (holiday confirmed).   
Holiday 4 presented average CP reading of -1408mV CSE (holiday confirmed).   

No external corrosion was detected by dive team. A white deposit was found at the holiday 
area.

Contractor Signature Enbridge Representative/ Inspector Signature

REDACTED SUBMITTAL - PUBLIC COPYREDACTED SUBMITTAL - PUBLIC COPY



External Pipeline Inspection Form for L5 Straits of Mackinac 

Coating Gauge Information
Manufacturer: Elcometer Inspection Equip Product: 211 Coating Thickness Gauge
Last Calibrated: 08/09/2017 Next Calibration Due: 08/09/2018
Gauge verified prior to use: �YES   � NO

Coating Thickness Inspection Data

Thickness Measure (mil) Area of Interest <��=>?@ABC�DEACFDGHDID=���D <��=>?@ABC�DEACFDGJDKDL?��
North End #1 80 105 105

#2 66 110 110
#3 110 105 95

South End #4 110 94 90
#5 105 95 85
#6 105 100 85

Average Thickness 96 102 95
Additional Coating Thickness Inspection Data (A/R)

Within AOI 5’ from North Within AOI 10’ from North
North End 92 98

--- 84 105
South End 80 110

Visual Inspection (General Coating Condition)
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 8/25/17 Frame(HH:MM:SS) 10:15:30 Date: 8/25/17 Frame(HH:MM:SS) 10:14:46
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External Pipeline Inspection Form for L5 Straits of Mackinac 

Cathodic Protection and Coating Measurements (if Holiday is found) -
Holiday 2

CP Reading #1 (mV) -1274
-1328 CP Reading #2 (mV) -1283

-1237
CP Reading #3 

(mV)
-1375
-1372

Temperature (°F) 43 DFT at Holiday (mil) � 25 DFT Adjacent to Holiday (mil) 79, 94, 100
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 8/25/17 Frame(HH:MM:SS) 13:29:51 Date: 8/25/17 Frame(HH:MM:SS) 13:30:30

Cathodic Protection and Coating Measurements (if Holiday is found) - 
Holiday 1

CP Reading #1 (mV) -1300
-1362 CP Reading #2 (mV) -1277

-1336 CP Reading #3 (mV) -1277
-1322

Temperature (°F) 43 DFT at Holiday (mil) � 25 DFT Adjacent to Holiday (mil) 90, 93, 110
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 8/25/17 Frame(HH:MM:SS)   09:15:30 Date: 8/25/17 Frame(HH:MM:SS) 10:14:42
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External Pipeline Inspection Form for L5 Straits of Mackinac 

Cathodic Protection and Coating Measurements (if Holiday is found) -
Holiday 3

CP Reading #1 (mV) -1340
-1388 CP Reading #2 (mV) -1342

-1389 CP Reading #3 (mV) -1343
-1385

Temperature (°F) 43 DFT at Holiday (mil) � 25 DFT Adjacent to Holiday (mil) 95, 83, 89
For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 8/25/17 Frame(HH:MM:SS) 09:14:35 Date: 8/25/17 Frame(HH:MM:SS) 10:15:41

Cathodic Protection and Coating Measurements (if Holiday is found) -
Holiday 4

CP Reading #1 (mV) -1384
-1433 CP Reading #2 (mV) -1390

-1430 CP Reading #1 (mV) -1380
-1430

Temperature (°F) 43 DFT at Holiday 
(mil) � 25 DFT Adjacent to Holiday (mil) 80, 80, 90

For all sections of dislodged coating or holidays, provide pictures below.
Included the date and time stamps associated with video surveillance.

Date: 8/25/17 Frame(HH:MM:SS) 09:14:19 Date: 8/25/17 Frame(HH:MM:SS) 09:14:26
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Location Feature ON (-mV) OFF (-mV) Cell
Metal 

Contact?
CP Date Comment

WAS-1 1 1300 Top Yes 8/25/2017 Over/through deposit
WAS-1 1 1362 Bottom Yes 8/25/2017 Over/through deposit
WAS-1 1 1277 808 Top Yes 8/25/2017 Over/through deposit
WAS-1 1 1336 870 Bottom Yes 8/25/2017 Over/through deposit
WAS-1 1 1277 Top Yes 8/25/2017 Over/through deposit
WAS-1 1 1322 Bottom Yes 8/25/2017 Over/through deposit
WAS-1 2 1274 Top Yes 8/25/2017 Over/through deposit
WAS-1 2 1328 848 Bottom Yes 8/25/2017 Over/through deposit
WAS-1 2 1283 Top Yes 8/25/2017 Over/through deposit
WAS-1 2 1327 851 Bottom Yes 8/25/2017 Over/through deposit
WAS-1 2 1375 803 Top Yes 8/25/2017 Over/through deposit
WAS-1 2 1372 851 Bottom Yes 8/25/2017 Over/through deposit
WAS-1 3 1340 Top Yes 8/25/2017 Over/through deposit
WAS-1 3 1388 Bottom Yes 8/25/2017 Over/through deposit
WAS-1 3 1342 Top Yes 8/25/2017 Over/through deposit
WAS-1 3 1389 Bottom Yes 8/25/2017 Over/through deposit
WAS-1 3 1343 Top Yes 8/25/2017 Over/through deposit
WAS-1 3 1385 Bottom Yes 8/25/2017 Over/through deposit
WAS-1 4 1384 Top Yes 8/25/2017 Over/through deposit
WAS-1 4 1433 Bottom Yes 8/25/2017 Over/through deposit
WAS-1 4 1390 Top Yes 8/25/2017 Over/through deposit
WAS-1 4 1430 Bottom Yes 8/25/2017 Over/through deposit
WAS-1 4 1380 Top Yes 8/25/2017 Over/through deposit
WAS-1 4 1430 Bottom Yes 8/25/2017 Over/through deposit
WAS-1 2 471 Top NO 9/22/2017 On deposit
WAS-1 2 509 Bottom NO 9/22/2017 On deposit
WAS-1 2 460 199 Top NO 9/22/2017 On deposit
WAS-1 2 451 211 Bottom NO 9/22/2017 On deposit
WAS-1 2 1344 855 Top Yes 9/22/2017 Scraped to metal
WAS-1 2 1370 848 Bottom Yes 9/22/2017 Scraped to metal
WAS-1 2 1070 704 Top Yes 9/22/2017 After wire brushing
WAS-1 2 1086 724 Bottom Yes 9/22/2017 After wire brushing
WAS-1 4 334 223 Top NO 9/22/2017 On deposit
WAS-1 4 360 250 Bottom NO 9/22/2017 On deposit
WAS-1 4 1374 954 Top Yes 9/22/2017 Scraped to metal
WAS-1 4 1402 860 Bottom Yes 9/22/2017 Scraped to metal
WAS-1 4 1188 777 Top Yes 9/22/2017 After wire brushing
WAS-1 4 1203 782 Bottom Yes 9/22/2017 After wire brushing
WAS-1 3 269 172 Top NO 9/22/2017 On deposit
WAS-1 3 295 197 Bottom NO 9/22/2017 On deposit
WAS-1 3 1382 846 Top Yes 9/22/2017 Scraped to metal
WAS-1 3 1411 826 Bottom Yes 9/22/2017 Scraped to metal
WAS-1 3 1221 768 Top Yes 9/22/2017 After wire brushing
WAS-1 3 1239 779 Bottom Yes 9/22/2017 After wire brushing
EAS-1 1 1676 Top Yes 8/15/2017 Over/through deposit
EAS-1 1 1683 Bottom Yes 8/15/2017 Over/through deposit
EAS-1 1 1674 Top Yes 8/15/2017 Over/through deposit

REDACTED SUBMITTAL - PUBLIC COPY



Location Feature ON (-mV) OFF (-mV) Cell
Metal 

Contact?
CP Date Comment

EAS-1 1 1681 Bottom Yes 8/15/2017 Over/through deposit
EAS-1 1 1690 Top Yes 8/15/2017 Over/through deposit
EAS-1 1 1674 Bottom Yes 8/15/2017 Over/through deposit
EAS-1 1B 298 Top NO 10/6/2017 Over/through deposit
EAS-1 1B 298 Bottom NO 10/6/2017 Over/through deposit
EAS-1 1B 1616 Top Yes 10/6/2017 After deposit removal
EAS-1 1B 1606 Bottom Yes 10/6/2017 After deposit removal
EAS-1 1B 1394 Top Yes 10/6/2017 After deposit removal
EAS-1 1B 1418 Bottom Yes 10/6/2017 After deposit removal
EAS-1 1B 1390 Top Yes 10/6/2017 After deposit removal
EAS-1 1B 1407 Bottom Yes 10/6/2017 After deposit removal
EAS-1 1C 277 Top NO 10/6/2017 Over/through deposit
EAS-1 1C 279 Bottom NO 10/6/2017 Over/through deposit
EAS-1 1C 1569 Top Yes 10/6/2017 After deposit removal
EAS-1 1C 1578 Bottom Yes 10/6/2017 After deposit removal
EAS-1 1C 956 Top Yes 10/6/2017 OFF reading, or poor pipe contact.
EAS-1 1C 998 Bottom Yes 10/6/2017 OFF reading, or poor pipe contact.
EAS-1 1C 945 Top Yes 10/6/2017 OFF reading, or poor pipe contact.
EAS-1 1C 960 Bottom Yes 10/6/2017 OFF reading, or poor pipe contact.
EAS-1 1D 1582 Top Yes 10/6/2017 Over/through deposit
EAS-1 1D 1602 Bottom Yes 10/6/2017 Over/through deposit
EAS-1 1D 1133 Top Yes 10/6/2017 After deposit removal
EAS-1 1D 1496 Bottom Yes 10/6/2017 After deposit removal
EAS-1 1D 1437 Top Yes 10/6/2017 After deposit removal
EAS-1 1D 1439 Bottom Yes 10/6/2017 After deposit removal
EAS-1 1D 1435 Top Yes 10/6/2017 After deposit removal (video)
EAS-1 1D 1127 Bottom Yes 10/6/2017 After deposit removal (video)
EAS-1 1D 1471 Top Yes 10/6/2017 After deposit removal
EAS-1 1D 1460 Bottom Yes 10/6/2017 After deposit removal
EAS-1 1E 560 Top NO 10/6/2017 Over/through deposit
EAS-1 1E 554 Bottom NO 10/6/2017 Over/through deposit
EAS-1 1E 600 Top NO 10/6/2017 After deposit removal
EAS-1 1E 591 Bottom NO 10/6/2017 After deposit removal
EAS-1 1E 530 Top NO 10/6/2017 After deposit removal
EAS-1 1E 501 Bottom NO 10/6/2017 After deposit removal
EAS-1 1E 1406 Top Yes 10/6/2017 After deposit removal
EAS-1 1E 1403 Bottom Yes 10/6/2017 After deposit removal
EAS-1 1F 512 Top NO 10/6/2017 Over/through deposit
EAS-1 1F 503 Bottom NO 10/6/2017 Over/through deposit
EAS-1 1F 1669 Top Yes 10/6/2017 After deposit removal
EAS-1 1F 1674 Bottom Yes 10/6/2017 After deposit removal
EAS-1 1F 1478 Top Yes 10/6/2017
EAS-1 1F 1494 Bottom Yes 10/6/2017
EAS-1 1F 1478 Top Yes 10/6/2017
EAS-1 1F 1494 Bottom Yes 10/6/2017
EAS-2 1 261 Top NO 8/24/2017 No CP readings (DFT>70)
EAS-2 1 291 Bottom NO 8/24/2017 No CP readings (DFT>70)
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Location Feature ON (-mV) OFF (-mV) Cell
Metal 

Contact?
CP Date Comment

EAS-3 1 852 Top Yes 8/29/2017 ON reading from dive video
EAS-3 1 886 Bottom Yes 8/29/2017
EAS-3 1 804 Top Yes 8/29/2017
EAS-3 1 842 Bottom Yes 8/29/2017
EAS-3 1 834 Top Yes 8/29/2017
EAS-3 1 875 Bottom Yes 8/29/2017
EAS-3 1 799 620 Top Yes 8/29/2017 ON/OFF readings from dive video
EAS-3 1 836 666 Bottom Yes 8/29/2017 ON/OFF readings from dive video
EAS-4 1 955 Top Yes 8/30/2017
EAS-4 1 991 Bottom Yes 8/30/2017
EAS-4 1 938 Top Yes 8/30/2017
EAS-4 1 965 Bottom Yes 8/30/2017
EAS-4 1 951 Top Yes 8/30/2017
EAS-4 1 979 Bottom Yes 8/30/2017
EAS-4 2 981 Top Yes 8/30/2017
EAS-4 2 1012 Bottom Yes 8/30/2017
EAS-4 2 907 682 Top Yes 8/30/2017 OFF reading from dive video
EAS-4 2 933 705 Bottom Yes 8/30/2017 OFF reading from dive video
EAS-4 2 944 701 Top Yes 8/30/2017 OFF reading from dive video
EAS-4 2 974 722 Bottom Yes 8/30/2017 OFF reading from dive video

EAOI-1 234 Top NO 9/8/2017
EAOI-1 281 Bottom NO 9/8/2017
EAOI-1 440 Top NO 9/8/2017
EAOI-1 316 Bottom NO 9/8/2017
EAOI-1 320 Top NO 9/8/2017
EAOI-1 260 Bottom NO 9/8/2017
EAOI-5 391 Top NO 9/6/2017
EAOI-5 326 Bottom NO 9/6/2017
EAOI-7 1 1155 849 Top Yes 10/13/2017 Under deposit
EAOI-7 1 1158 841 Bottom Yes 10/13/2017 Under deposit
EAOI-7 1 1188 832 Top Yes 10/13/2017 Under deposit
EAOI-7 1 1101 815 Bottom Yes 10/13/2017 Under deposit
EAOI-7 1 1085 832 Top Yes 10/13/2017 Under deposit
EAOI-7 1 1081 814 Bottom Yes 10/13/2017 Under deposit
EAOI-7 1A 1235 894 Top Yes 10/13/2017 Under deposit
EAOI-7 1A 1238 837 Bottom Yes 10/13/2017 Under deposit
EAOI-7 1A 1223 893 Top Yes 10/13/2017 Under deposit
EAOI-7 1A 1269 836 Bottom Yes 10/13/2017 Under deposit
EAOI-7 1A 1206 886 Top Yes 10/13/2017 Under deposit
EAOI-7 1A 1195 869 Bottom Yes 10/13/2017 Under deposit
EAOI-7 1B 1185 879 Top Yes 10/13/2017 Under deposit
EAOI-7 1B 1196 870 Bottom Yes 10/13/2017 Under deposit
EAOI-7 1B 1281 918 Top Yes 10/13/2017 Under deposit
EAOI-7 1B 1277 903 Bottom Yes 10/13/2017 Under deposit
EAOI-7 1B 1278 932 Top Yes 10/13/2017 Under deposit
EAOI-7 1B 1279 918 Bottom Yes 10/13/2017 Under deposit
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Location Feature ON (-mV) OFF (-mV) Cell
Metal 

Contact?
CP Date Comment

EAOI-7 1C 1511 1109 Top Yes 10/12/2017 Under deposit
EAOI-7 1C 1528 1114 Bottom Yes 10/12/2017 Under deposit
EAOI-7 1C 1485 1119 Top Yes 10/12/2017 Under deposit
EAOI-7 1C 1511 1111 Bottom Yes 10/12/2017 Under deposit
EAOI-7 1C 1505 1109 Top Yes 10/12/2017 Under deposit
EAOI-7 1C 1515 1111 Bottom Yes 10/12/2017 Under deposit
EAOI-7 1D 1359 1077 Top Yes 10/12/2017 Under deposit
EAOI-7 1D 1370 1086 Bottom Yes 10/12/2017 Under deposit
EAOI-7 1D 1355 1077 Top Yes 10/12/2017 Under deposit
EAOI-7 1D 1367 1062 Bottom Yes 10/12/2017 Under deposit
EAOI-7 1D 1365 1079 Top Yes 10/12/2017 Under deposit
EAOI-7 1D 1373 1085 Bottom Yes 10/12/2017 Under deposit
EAOI-7 1E 1174 908 Top Yes 10/12/2017 Under deposit
EAOI-7 1E 1187 914 Bottom Yes 10/12/2017 Under deposit
EAOI-7 1E 1205 914 Top Yes 10/12/2017 Under deposit
EAOI-7 1E 1214 921 Bottom Yes 10/12/2017 Under deposit
EAOI-7 1E 1186 921 Top Yes 10/12/2017 Under deposit
EAOI-7 1E 1087 926 Bottom Yes 10/12/2017 Under deposit
EAOI-7 1E 485 344 Top NO 10/12/2017 Over deposit pH 11
EAOI-7 1E 484 347 Bottom NO 10/12/2017 Over deposit pH 11
EAOI-7 1E 432 359 Top NO 10/12/2017 Over deposit pH 11
EAOI-7 1E 437 364 Bottom NO 10/12/2017 Over deposit pH 11
EAOI-7 1F 1568 1133 Top Yes 10/12/2017 Under deposit
EAOI-7 1F 1570 1122 Bottom Yes 10/12/2017 Under deposit
EAOI-7 1F 1561 1125 Top Yes 10/12/2017 Under deposit
EAOI-7 1F 1570 1135 Bottom Yes 10/12/2017 Under deposit
EAOI-7 1F 1552 1124 Top Yes 10/12/2017 Under deposit
EAOI-7 1F 1558 1125 Bottom Yes 10/12/2017 Under deposit
EAOI-7 1F 429 310 Top NO 10/12/2017 Over deposit pH 12
EAOI-7 1F 437 314 Bottom NO 10/12/2017 Over deposit pH 12
EAOI-7 1F 472 381 Top NO 10/12/2017 Over deposit pH 12
EAOI-7 1F 478 384 Bottom NO 10/12/2017 Over deposit pH 12
EAOI-7 1G 272 199 Top NO 10/12/2017 Under deposit
EAOI-7 1G 254 211 Bottom NO 10/12/2017 Under deposit
EAOI-7 1G 227 187 Top NO 10/12/2017 Under deposit
EAOI-7 1G 184 189 Bottom NO 10/12/2017 Under deposit
EAOI-7 1G 251 187 Top NO 10/12/2017 Under deposit
EAOI-7 1G 248 185 Bottom NO 10/12/2017 Under deposit
EAOI-7 1H 1577 1091 Top Yes 10/12/2017 Under deposit
EAOI-7 1H 1571 1079 Bottom Yes 10/12/2017 Under deposit
EAOI-7 1H 1562 1071 Top Yes 10/12/2017 Under deposit
EAOI-7 1H 1575 1074 Top Yes 10/12/2017 Under deposit
EAOI-7 1H 1559 1053 Bottom Yes 10/12/2017 Under deposit
EAOI-7 1I 1486 1044 Top Yes 10/13/2017 Under deposit
EAOI-7 1I 1468 1032 Bottom Yes 10/13/2017 Under deposit
EAOI-7 1I 1551 1063 Top Yes 10/13/2017 Under deposit
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Location Feature ON (-mV) OFF (-mV) Cell
Metal 

Contact?
CP Date Comment

EAOI-7 1I 1508 1055 Bottom Yes 10/13/2017 Under deposit
EAOI-7 1I 1524 1070 Top Yes 10/13/2017 Under deposit
EAOI-7 1I 1517 1054 Bottom Yes 10/13/2017 Under deposit
EAOI-7 1J 270 237 Top NO 10/12/2017 Under deposit
EAOI-7 1J 290 263 Bottom NO 10/12/2017 Under deposit
EAOI-7 1J 252 222 Top NO 10/12/2017 Under deposit
EAOI-7 1J 273 241 Bottom NO 10/12/2017 Under deposit
EAOI-7 1J 401 299 Top NO 10/12/2017 Under deposit
EAOI-7 1J 349 255 Bottom NO 10/12/2017 Under deposit
EAOI-7 1K 311 301 Top NO 10/12/2017 Under deposit
EAOI-7 1K 282 230 Bottom NO 10/12/2017 Under deposit
EAOI-7 1K 276 238 Top NO 10/12/2017 Under deposit
EAOI-7 1K 258 223 Bottom NO 10/12/2017 Under deposit
EAOI-7 1K 276 234 Top NO 10/12/2017 Under deposit
EAOI-7 1K 261 217 Bottom NO 10/12/2017 Under deposit
EAOI-7 1L 278 239 Top NO 10/12/2017 Under deposit
EAOI-7 1L 265 227 Bottom NO 10/12/2017 Under deposit
EAOI-7 1L 267 235 Top NO 10/12/2017 Under deposit
EAOI-7 1L 252 220 Bottom NO 10/12/2017 Under deposit
EAOI-7 1L 280 239 Top NO 10/12/2017 Under deposit
EAOI-7 1L 259 216 Bottom NO 10/12/2017 Under deposit
EAOI-7 1M 434 420 Top NO 10/12/2017 Under deposit
EAOI-7 1M 429 384 Bottom NO 10/12/2017 Under deposit
EAOI-7 1M 407 408 Top NO 10/12/2017 Under deposit
EAOI-7 1M 403 397 Bottom NO 10/12/2017 Under deposit
EAOI-7 1M 446 437 Top NO 10/12/2017 Under deposit
EAOI-7 1M 416 395 Bottom NO 10/12/2017 Under deposit
EAOI-7 1N 1436 1011 Top Yes 10/13/2017 Under deposit
EAOI-7 1N 1430 999 Bottom Yes 10/13/2017 Under deposit

EAOI-7 1N 1025 785 Top NO 10/13/2017
Invalid due to companion (high 
contact resistance)

EAOI-7 1N 1043 744 Bottom NO 10/13/2017
Invalid due to companion (high 
contact resistance)

EAOI-7 1N 1401 963 Top Yes 10/13/2017 Under deposit
EAOI-7 1N 1406 967 Bottom Yes 10/13/2017 Under deposit
EAOI-7 1O 1291 939 Top Yes 10/13/2017 Under deposit
EAOI-7 1O 1302 989 Bottom Yes 10/13/2017 Under deposit
EAOI-7 1O 1466 1052 Top Yes 10/13/2017 Under deposit
EAOI-7 1O 1459 1036 Bottom Yes 10/13/2017 Under deposit
EAOI-7 1O 1212 908 Top Yes 10/13/2017 Under deposit
EAOI-7 1O 1218 895 Bottom Yes 10/13/2017 Under deposit
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Cathodic Protection Measurements from BIWP 

E-6 

Dive Inspection CP Measurements - Introduction: 

Enbridge executed underwater CP measurements as per section 3.2.1 of the BIWP.  These 

measurements were recorded using the Polatrak CP Gun, which is specifically designed for 

underwater work.  This tool contains two independent precision voltmeters, two reference 

electrodes, and a sharp metal electrode that is used to make electrical contact with the pipe. 

This was the first diver executed underwater CP survey in Enbridge history in the Straits.  As a 

result, Enbridge made various procedural modifications aimed at improving the quality and value 

of the CP measurements as the BIWP progressed.  Some of the challenges experienced and 

procedural modifications which resulted are discussed below: 

� Pipe Contact Resistance: As a pipe-to-soil potential measurement requires good 

metallic contact with the pipe, any contact resistance between the Polatrak CP Gun’s 

metal tip and the pipe will introduce reading error.  Measurements conducted early in the 

study demonstrated instability which was attributed to high resistance contact between the 

CP gun and the pipe metal.  In the interest of minimizing dive inspection related coating 

damage, Enbridge instructed divers to use ‘firm pressure’ when taking CP readings and to 

avoid using excessive pressure that could cause coating damage.  As a consequence, the 

CP potentials became relevant as an indicator of possible existence of bare pipe metal.  

Enbridge instituted a criterion of -600mV (300mV more electronegative than open water 

readings) as a preliminary indicator of bare metal – this was used to confirm diver’s visual 

observations of coating damage or possible metal exposure.  This criterion was 

established in consideration of the guidance provided in the Polatrak CP Gun operating 

manual, the half-cell potential difference between Ag-AgCl and CSE reference cells, and 

dive logistics. It should be noted that the -600mV CSE criterion does not independently 

verify good electrical contact with the pipe metal if other CP readings taken from the same 

feature or at the same dive site are substantially more electronegative. 

� Loss of Reference Cell calibration: The Polatrak CP Gun contains two copper/copper 

sulphate electrodes (CSE) that are used as a voltage reference for the pipe CP 

measurements.  These electrodes are comprised of a copper wire within a plastic barrel 

containing saturated copper sulphate solution that is electrolytically coupled to the 

environment through a porous plug.  The calibration of the electrodes was found to drift 

after successive dives, and this was attributed to cyclical ingress and egress of lake water 

through the porous plug during successive dives: a process exacerbated if the reference 
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Cathodic Protection Measurements from BIWP 
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cells contained air bubbles.  In response, Enbridge instituted more frequent calibrations of 

the reference cells, and employed an electrolyte replenishment procedure intended to 

minimize air in the reference cell.  Some of the pipe-to-soil potentials recorded in the first 

few days of the project were affected by calibration error. 

� Rectifier Interruption Status:  The interpretation of CP potential readings requires 

consideration of voltage effects other than those across the structure to electrolyte 

boundary; the most common method of removing extraneous CP reading error is to 

simultaneously interrupt all current sources that affect CP levels on the structure of 

interest.  Potential measurements recorded under the influence of operating cathodic 

protection current sources are referred to as “ON” readings; potentials recorded with 

current sources briefly deactivated are commonly called “OFF” or “Polarized” potentials. 

The most recent (2017) CP study discussed previously identified several rectifiers (both 

Enbridge and foreign) with influence on the Straits dual pipelines.  To the best of the ability 

of Enbridge field staff, these rectifiers were simultaneously interrupted; however, some 

foreign CP sources were not consistently interrupted due to equipment failures and

coordination issues.  Enbridge regional CP staff summarized the status of rectifier 

interruption during each day of survey, and these have been considered in evaluating the 

CP potential obtained. 

� Special Investigation: In order to explore the transient processes (time dependent 

polarization of freshly exposed metal), Enbridge dive personnel obtained additional 

cathodic protection readings on select dives.  Where logistics and time permitted, CP 

readings were taken on select features before and after the power wire wheel brush was 

used to clean the calcareous deposit from the pipe surface.  The intent of this exercise 

was to investigate how significantly the CP potentials were affected by the calcareous 

deposit, and to demonstrate the level of protection that would be immediately available to 

freshly exposed pipe metal surface. It was observed that completely removing calcareous 

deposit (using a power wire brush) could dramatically decrease the level of cathodic 

protection measured. 

Dive Inspection Summaries: 

WAS-1: 

44 cathodic protection potential measurements were recorded from this location over several 

dives conducted on 24/08/2017 and 22/09/2017.  Calcareous deposits and residual coating 
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Cathodic Protection Measurements from BIWP 
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created high resistance between the pipe and the tip of the Polatrak CP Gun on 8 of these 

readings (which averaged -314 mV) and these have not been considered in this analysis.  

The “ON” readings (potentials recorded with the CP systems operating) ranged from -1274 mV to 

-1433 mV CSE (average of -1358 mV), indicating substantial availability of cathodic protection 

current at this site.  “OFF” readings (potentials obtained with most current sources briefly 

deactivated) indicated a range of -803 mV to -954 mV, with an average of -852 mV CSE.  One 

foreign CP system was not interrupted at the time these readings were taken; and this fact is 

estimated to produce an electropositive shift in the “OFF” readings of 33 mV at this location1.  The 

error corrected “OFF” readings (after considering the voltage gradient produced by the foreign 

influence) are estimated at -836 mV (minimum) with an average of -885 mV, indicating marginal to 

complete levels of cathodic protection. The CP data summary table in the report body reflects 

these error corrected data. 

Additional CP measurements were obtained immediately after a hydraulic power wire brush was 

used to remove calcareous deposit and residual coating material (the cup-disk brush wheel used 

at this site exposed large areas of bare metal).  The readings obtained before the wire brushing 

reflect residual chemical polarization from alkaline species contained by, or trapped within, any 

remaining calcareous deposit; the readings after wire brushing represent the ‘worst case’ 

condition of a newly developed coating holiday (with freshly exposed bare metal).  Average “ON” 

and “OFF” readings taken after the wire brushing were -1167 mV and -755 mV CSE, respectively.  

These data clearly demonstrate that the removal of the calcareous deposit decreased the 

effective level of CP by nearly 100mV at this location.   

As all of the recorded pipe potentials involved as least some disruption of the calcareous deposits 

to make electrical contact between the CP gun and the pipe wall, it is believed that all CP data 

recorded during the 2017 BIWP dive inspections contains some electropositive error (the CP 

readings may indicate lower levels of cathodic protection than would have existed before the 

deposits were disrupted).  In order to collect accurate CP measurements that represent the actual 

level of cathodic protection being received by the dual pipelines under normal operating 

conditions, it is recommended to leave these deposits intact for the duration of the survey.  

1 The adjustments made to “OFF” potential readings recorded during the BIWP are based upon rectifier 
influence testing performed by Lake Superior Consulting, and uses the methodology developed to 
compensate for transient interference of CIS data.  Ref: “Practical Telluric Compensation for Pipeline Close 
Interval Survey”, Paper #00741, Corrosion 2000 Symposia, NACE International, Houston TX (2000). 
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Alternatively, any CP survey performed after deposit removal should be delayed until the 

subsequent recoating program has been completed. 

EAS-1: 

48 cathodic protection potential measurements were recorded from this location over several 

dives conducted on 15/08/2017 and 10/06/2017.  Calcareous deposits and residual coating 

created high resistance between the pipe and the tip of the Polatrak CP Gun on 12 of these 

readings (which averaged -458 mV) and these have not been considered in this analysis.  

The “ON” readings observed ranged from -1390 mV to -1690 mV CSE (average of -1535 mV), 

indicating substantial availability of cathodic protection current at the site.  “OFF” readings ranged 

from -945 mV to -1133 mV, with an average of -1019 mV CSE.  These readings indicate complete 

cathodic protection in accordance with industry best practice and applicable regulations. 

EAS-2:

2 cathodic protection potential measurements were recorded from this location during dives on 

08/24/2017.  Calcareous deposits and residual coating created high resistance between the pipe 

and the tip of the Polatrak CP Gun on all 2 of these readings (which averaged -276 mV). No valid 

“ON” or “OFF” CP readings could be obtained at this location.

EAS-3:

The coating damage at this site was created by a communication cable rub that occurred on 

August 26, 2017 during execution of the BIWP.  This exposed metal consists of one feature with 

an area of 0.93 ft2. 

8 cathodic protection potential measurements were recorded from this location during dives 

conducted on 8/29/2017. 

The “ON” readings observed ranged from -799 mV to -886 mV CSE (average of -841 mV), 

indicating lower availability of cathodic protection current at this site compared to other dive sites.

“OFF” readings obtained from dive video analysis ranged from -620 mV to -666 mV, with an 

average of -643 mV CSE.  One foreign CP system was not interrupted at the time these readings 

were taken; and this fact is estimated to produce an electropositive shift in the “OFF” readings of 

163 mV at this location.  The error corrected “OFF” readings (after considering the voltage 

gradient produced by the foreign influence) are estimated at -783 mV (minimum) with an average 
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of -806 mV, indicating marginal levels of cathodic protection. The CP data summary table in the 

report body reflects these error corrected data. 

While there are numerous possible sources of error in the collection of ‘ON’ and ‘OFF’ CP 

readings by divers (discussed previously), the marginal levels of CP observed at this site are 

believed to be a consequence of the relatively large size of the bare metal area in conjunction with 

the very short time between metal exposure and the CP survey.  This short timeframe (~3 days) 

was inadequate for calcareous deposit to form (none was observed) and appears to be 

inadequate for cathodic polarization to achieve a steady state.  Based on observations from other 

dive sites, it is expected that a calcareous coating would eventually grow to cover this feature, 

resulting in increased chemical polarization and complete cathodic protection.  

EAS-4:

The coating damage at this site was created by a communication cable rub that occurred on 

August 26, 2017 during execution of the BIWP. This exposed area consists of one feature with an 

area of 1.64 ft2

12 cathodic protection potential measurements were recorded from this location during dives 

conducted on 8/30/2017. 

The “ON” readings observed ranged from -907 mV to -1012 mV CSE (average of -961 mV), 

indicating moderate availability of cathodic protection current at the site.  “OFF” readings obtained 

from dive video analysis ranged from -682 mV to -772 mV, with an average of -703 mV CSE.  

One foreign CP system was not interrupted at the time these readings were taken; and this fact is 

estimated to produce an electropositive shift in the “OFF” readings of 162 mV at this location.  The 

error corrected “OFF” readings (after considering the voltage gradient produced by the foreign 

influence) are estimated at -844 mV (minimum) with an average of -865 mV, indicating marginal to 

complete levels of cathodic protection. The CP data summary table in the report body reflects 

these error corrected data. 

While there are numerous possible sources of error in the collection of ‘ON’ and ‘OFF’ CP 

readings by divers (discussed previously), the marginal levels of CP observed at this site are 

believed to be a consequence of the relatively large size of the bare metal area in conjunction with 

the very short time between metal exposure and the CP survey.  This short timeframe (~4 days) 

was inadequate for calcareous deposit to form (none was observed) and appears to be 

inadequate for cathodic polarization to achieve a steady state. It is noted that the cathodic 
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protection levels recorded at EAS-4 were measurably improved as compared to the smaller area 

of exposed metal at EAS-3.  This may be attributable to the additional day of cathodic protection 

that EAS-4 received.  Based on observations from other dive sites, it is expected that a 

calcareous coating would eventually grow to cover this feature, resulting in a higher level of 

chemical polarization and complete cathodic protection.  

EAOI-1: 

6 cathodic protection potential measurements were recorded from this location during dives 

conducted on 9/8/2017.  Calcareous deposits and residual coating created high resistance 

between the pipe and the tip of the Polatrak CP Gun on all 6 of these readings (which averaged -

309mV).   No valid “ON” or “OFF” readings could be obtained from this location.

EAOI-5:

2 cathodic protection potential measurements were recorded from this location over one dive 

conducted on 9/06/2017.  Calcareous deposits and residual coating created high resistance 

between the pipe and the tip of the Polatrak CP Gun on all 2 of these readings (which averaged -

359mV).  No valid “ON” or “OFF” readings could be obtained from this location. 

EAOI-7: 

103 cathodic protection potential measurements were recorded from this location over several 

dives conducted on 10/12/2017 and 10/13/2017.  Calcareous deposits and residual coating 

created high resistance between the pipe and the tip of the Polatrak CP Gun on 40 of these 

readings (which averaged -338 mV) and these have not been considered in this analysis.  

The “ON” readings observed ranged from -1081 mV to -1577 mV CSE (average of -1362 mV), 

indicating substantial availability of cathodic protection current at the site.  “OFF” readings ranged 

from -814 mV to -1135 mV, with an average of -992 mV CSE.  The ATC rectifier was not 

interrupted at the time these readings were taken; and this fact is estimated to produce an 

electropositive shift in the “OFF” readings of 89 mV at this location.  The error corrected “OFF” 

readings (after considering the voltage gradient produced by the ATC rectifier) are estimated at -

903 mV (minimum) with an average of -1081 mV, indicating complete cathodic protection in 

accordance with industry best practice and all applicable regulations. The CP data summary table 

in the report body reflects these error corrected data. 
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Discussion: 

Cathodic protection potentials recorded during the BIWP dive inspections generally exhibited 

substantial availability of cathodic protection current – as indicated by current applied ‘ON’ CP 

readings.  The average of all ‘ON’ readings was -1328 mV CSE, which is approximately 700mV 

more electronegative than the expected native potential of steel in freshwater.  Moderate to high 

levels of cathodic polarization were also observed in the majority of data – as indicated by the 

current interrupted ‘OFF’ CP readings.  The average of all ‘OFF’ readings was -940 mV CSE, 

which exceeds the requirements of industry best practicei and applicable regulationsii. 

It is noted that many of the CP readings obtained during the BIWP CP survey were affected by 

measurement errors associated with equipment (rectifier interruption issues, CP gun calibration), 

procedures (long ‘OFF’ cycle depolarization, manual meter reading, and disruption of calcareous 

deposits), and problems associated with contact resistance. 

While some sites demonstrated marginal levels of cathodic polarization, the absence of any 

detectable external corrosion metal loss demonstrates that the cathodic protection being received 

by the dual pipelines has been successful at preventing external corrosion over the long history of 

the pipelines operation. 

i NACE SP0169-13, “Control of External Corrosion on Underground or Submerged 

Metallic Piping Systems”, NACE International, Houston TX, (2013).

ii Title 49, CFR 195, “Transportation of Hazardous Liquids by Pipeline”, Office of the 

Federal Register, Washington DC (2017). 
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Executive Summary

Enbridge Energy, Limited Partnership, was required by federal consent decree to conduct a 

Biota Investigation to characterize biological organisms (Biota) found on the surface of their 

Line 5 pipelines, which cross Lake Michigan at the Straits of Mackinac, MI. The overall 

objective of the Biota Investigation was to assess the extent to which Biota impacts the 

integrity of the dual Line 5 pipelines. The Biota Investigation was executed in August and 

September 2017, with additional efforts taking place in December 2017. USEPA-appointed 

Independent Third Party personnel were present for the duration of the August and 

September field portion of the Biota Investigation. 

Over one hundred-fifty (150) Biota samples were collected during the Biota Investigation 

and were used for Biota characterization or analysis of acid-producing bacteria (APB) and 

sulfate-reducing bacteria (SRB). Water and sediment samples were also collected and 

analyzed for APBs and SRBs. 

Quagga mussels (���������	
�������) were observed on both Line 5 pipelines, on all 

positions of the pipelines (top, bottom, and sides), and in all water depths from which Biota 

was sampled. Quagga mussels were unevenly distributed across the pipelines, wherein 

mussels would appear very dense in a given area, then sparse just a few feet away. Mussel 

density and the weight of mussels and other Biota on the pipelines was varied. Adult zebra 

mussels ���������	����������) were not observed in any of the Biota samples.

Findings do not suggest that the integrity of the pipelines coating or the underlying metal is 

being adversely impacted by the accumulation of mussels and other Biota on the pipelines. 

The coating of the pipeline appeared to be intact at all of the sixteen (16) randomly-selected 

Biota sampling sites. Examination of the byssal threads of the mussels via electron 

microscopy indicated that byssal threads are not penetrating the pipelines coating. Mussels 

and other Biota were not observed damaging or removing the coating of the pipe. 

Mussels and other larger Biota (e.g., macroinvertebrates) were not preferentially 

accumulating or colonizing at Holidays, Areas of Interest, or Additional Sites. For reasons 

that are not known, mussels and other larger Biota were much less abundant at most of those 

sites when compared to adjacent areas and Biota sites. Hence, based on the present data, 

mussels and larger Biota are likely not impacting the pipelines coating or underlying metal at 

Holidays because they are generally absent from those locations.

Mussels were the predominant Biota type (in abundance and biomass) observed on the 

pipelines. Other Biota such as periphyton, and macroinvertebrates were present, but to a 

lesser degree. The observations and data obtained during the Biota Investigation do not 

suggest the lesser-abundant Biota were impacting the integrity of the pipelines coating or 
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underlying metal. Visual examination of the byssal threads of the mussels via electron 

microscopy indicate that byssal threads are not penetrating the coating around the pipe but 

merely ‘splaying’ out and adhering to the surface of the coating. 

APBs and SRBs were analyzed in Biota, water, and sediment samples with qualitative (APB) 

and semi-quantitative (SRB) field test kits and via Deoxyribonucleic Acid (DNA) analysis 

techniques. Inconsistencies in APB field test kit quality assurance/quality control samples 

suggests that APB field test kit data should be utilized with caution and that the results of the 

APB and SRB DNA analysis should be utilized instead of field test kit bacteria data.  

Results of APB/SRB field test kits and Census qPCR DNA analysis support that APBs and 

SRBs are present to varying degrees in Biota collected from the pipeline surface, in water 

from Lake Michigan, and in sediment collected near the pipelines. However, no visible 

corrosion or metal loss was observed at the sites sampled, even when Biota density was high.  

Census qPCR APB and SRB DNA analysis results demonstrate that there are detectable 

concentrations of APBs and SRBs in Biota obtained from the pipeline surface. APBs were 

infrequently detected above the laboratory reporting limit in Biota samples but when 

detected, ranged from approximately 1.0 x 105 – 2.0 x 105 cells/gram. SRB concentrations 

were consistent across both pipelines, and generally ranged from 1.0 x 105 – 1.0 x 107

cells/gram. APBs and SRBs were detected above the laboratory reporting limit in all (n=6) of 

the water samples analyzed but concentrations were low, ranging from 0.6 – 74 APB 

cells/mL, and 26 – 113 SRB cells/mL. In sediment, APBs were detected above the laboratory 

reporting limit in 25% (1/4) of the samples collected, whereas SRBs were observed above the 

laboratory reporting limit in 100% (4/4) of the samples. Two of the sediment SRB 

concentrations exceeded 1.0 x 108 SRB cells/gram, a value greater than 98% (69/70) of the 

SRB concentrations in Biota samples.  

APB and SRB genera observed in water and sediment samples were the same genera 

observed in Biota samples. This strong overlap in DNA genera observed in the 2017 Biota 

Investigation samples suggests that Biota are likely not creating a unique microbiological 

environment, with respect to genera of APBs and SRBs analyzed by Microbial Insights, at 

the pipeline surface.
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1.0 Introduction & Objectives 

Enbridge Energy, Limited Partnership (Enbridge) was required by federal consent decree 

(Case 1:16-cv-00914, ECF No. 3 filed 07/20/16) to conduct a Biota Investigation to assess 

whether any of the Biota found on the pipeline impacts the integrity of the dual twenty (20) 

inch Line 5 pipelines in the Straits of Mackinac (Straits). Enbridge submitted to the United 

States Environmental Protection Agency (USEPA) a plan for the Biota Investigation, titled 

“Biota Investigation Work Plan” (BIWP) Revision 2 on May 18, 2017 (Enbridge 2017a, 

2017b).  

The objective of the Biota Investigation was to generate information that could be utilized to 

inform the assessments presented below. This report details the methods and results of Biota

sampling efforts conducted in the Straits and is consistent with the reporting requirements 

outlined in Section 6.0 of the approved BIWP. The federal consent decree outlined three 

requirements (“assessments”) that the Biota Investigation should inform. The assessments 

were as follows: 

� Assessment: ����������	�������	���	������������	��	�������	���	�����	�����	����	
��������	���	���������	��	���	����������	�������	��	���	����������	������	���������	
�����	�����	�����	���	��������	��	��������� 	��	���	��������	�������� 

� Assessment: ������������	�������	���	�������	���	�����	�����	���	��������	�	
���������	�����������	
��	�����	�����	�������	���������	���	������	��	������
��	
�������!��������	
�������	�"#� $	����	���	�����	�����	����� 	

� Assessment: ������������	�������	�������	���	�����	�����	���	�����������	��������	
����	���	��������	���	���������	��	������	��	���	����	%��������	���	��	���	������	��	
����	
������	��	���	��������	������	
�	�������	��	���	��������	������	����	

������	��	�����	�����	���	���������	���	���������	�
���	���	�����	��	���	"������� 	

GEI Consultants of Michigan, P.C. (GEI) was tasked with supporting Enbridge with Biota

sampling and analysis efforts outlined in the BIWP. GEI was involved with all aspects of the 

BIWP except efforts related to coating thickness, cathodic protection, coating integrity 

testing, and engineering stress analysis. Enbridge was assisted in the development of the 

BIWP by several firms. Brief descriptions of each firm’s contribution, roles and 

responsibilities are provided below: 

� Enbridge: 

o Ballard Marine Construction (BMC) – Dive manager, collection of Biota

samples by diver(s), support staff;

o Durocher Marine (Durocher) – Tow barge operation and crane operation;  
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o WSP – BIWP development and implementation, logistics;

o GEI – Biologists supporting the Biota Investigation efforts. 

� USEPA: 

o Independent Third Party (ITP) representatives appointed by USEPA were on-

board the work barge and involved with oversight of all Biota sampling 

activities that took place in August and September 2017. 
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2.0 Methods

The methodologies employed during the Biota Investigation were consistent with protocol 

outlined in the BIWP. Any modifications or refinements to the protocol due to the results of 

test dives and/or conditions encountered during the investigation were detailed in BIWP

Addendums, which are referred to throughout this report, and summarized in Section 2.2.3.  

2.1 Literature Searches and Reviews

Literature searches and reviews were conducted during the development of the BIWP. The 

searches included, but were not limited to, limnological data for the Straits, physical and 

chemical features of aquatic Biota previously observed on the pipelines, field data collection 

methodologies, cathodic protection, as well as for acid-producing bacteria (APB) and sulfate-

reducing bacteria (SRB).

2.2 Biota Study Zones and Sampling Locations

2.2.1 Qualitative Assessment of Underwater Video

Extensive video footage taken during previous remote operated vehicle (ROV) surveys of the 

dual pipelines was reviewed to qualitatively assess the Biota on the pipelines. This 

information was valuable towards characterizing general types of Biota present on the 

pipelines and water depth ranges that were ultimately implemented in the current Biota study 

(GEI 2014, 2016).  

2.2.2 Biota Study Zones

Biota study Zones were consistent with those proposed in the BIWP and were determined 

based upon a number of factors including a qualitative review of underwater video footage of 

the dual pipelines from 2014 and 2016. A total of four limnologic Zones (A, B, C, and D) 

were designated on the east and west pipelines. Figure 1 displays a cross section of the Zones

and their water depth ranges and a description of each Zone is provided below:  

� Zone A – 50- to 100-foot water depth; periphyton most abundant; mussels present. 

o This depth range is found on the north and south ends of the Dual Pipelines. 

Hence, there is a Zone A “north” and a Zone A “south”. 

� Zone B – 100- to 150-foot water depth; periphyton moderate, mussels moderate. 

o This depth range is found on the north and south ends of the Dual Pipelines. 

Hence, there is a Zone B “north” and a Zone B “south”.  

� Zone C – 150- to 200-foot water depth; periphyton sparse, mussels abundant. 
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o This depth range is found on the north and south ends of the Dual Pipelines. 

Hence, there is a Zone C “north” and a Zone C “south”.  

� Zone D – Over 200-foot water depth; mussels abundant.  

o This depth range represents the deepest water depth for the Dual Pipelines. 

Thus, there is only one Zone D. However, for data summaries and analysis, 

Zone D samples were spatially identified as being from the northern or 

southern end of the Zone.

As shown in Figure 1, each pipeline passes through water depths associated with Zones A, B, 

and C before reaching the deepest waters of Zone D, and passing through Zones C, B, and A 

again before reaching the other side of the Straits.

2.2.3 Biota Sampling Locations

Biota sampling took place at all locations outlined in the BIWP. There were multiple 

categories of sites at which Biota sampling occurred, all of which are summarized below.  

2.2.3.1 Biota Sites

A total of sixteen (16) Biota sampling locations were designated; eight (8) on each pipeline. 

These locations are referred to as “Biota sites” throughout the rest of this report. Biota sites 

were located such that four (4) sampling locations would be within each limnologic Zone 

(Figure 1, Table 1). 

2.2.3.2 Area of Interest and Additional Sites

Consistent with the BIWP, Biota was also evaluated at eighteen (18) Areas of Interest and 

three (3) Additional Sites (Figure 1, Table 1). These twenty-one (21) sites were identified 

during previous video surveys and were selected based on their appearance, distribution 

through the four limnologic Zones, and proximity to other target sampling locations. As 

stated in the BIWP, visual criteria used to select these sites include: (1) the normal (local) 

Biota is unexpectedly absent (and the disruption is not consistent with Biota removal caused 

by past maintenance and monitoring activities), or (2) there is evidence of possible coating 

damage. 

2.3 Pre-Sampling Activities

2.3.1 Biota Sampling Checklist Development

Biota sampling checklists (Appendix A) based on BIWP objectives were developed for use 

during Biota sampling. The checklists included step-by-step actions for each type of 

sampling site. The use of these checklists ensured that information related to Biota sampling

was consistent across sites and that all tasks were completed. 
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2.3.2 Pre-Job Meetings, Field Testing

On August 8th, 2017, a meeting was called by Enbridge to discuss aspects of upcoming 

efforts on the Straits, including the Biota Investigation. This meeting was attended by 

Enbridge, BMC, Durocher, and GEI. Health and safety, major project objectives, timelines, 

etc. were discussed at this meeting. On August 11th, 2017, a follow-up meeting was held 

with personnel from Enbridge, BMC, Durocher, and GEI who would be directly involved 

with the implementation of the BIWP. This meeting was held on and near the work barge (at 

the Durocher facility in Cheboygan, MI) that would serve as the primary work platform for 

Biota sampling, and a short land-based walk through of tasks required in the BIWP was 

conducted. Discussions related to sampling specifics, including the final preparation of 

sampling containers, were also held at this time. The aforementioned checklists were 

reviewed, and where necessary, were modified based on feedback from the BMC Project 

Manager and professional divers who would be collecting the Biota samples.

Field testing (aka “practice dive”) of sample collection and handling techniques was 

conducted on the Straits on the morning of August 14th, 2017. During this effort, a single 

dive was made on the east pipeline, in Zone A (south), to a depth of approximately 72 feet. 

The practice dive was meant to simulate a dive at an Area of Interest and as such, a total of 

four Biota samples were collected. These samples were not retained as the practice dive was 

not at a Biota sampling location. 

2.3.3 Amendments to Protocol

On a couple of occasions, it was determined that protocol outlined in the BIWP needed to be 

modified based on factors such as diver logistics and/or safety. These modifications were 

detailed in BIWP Addendums (“Addendum A” and “Addendum B”) that were sent to 

USEPA for approval and are attached in Appendix B. Addendum A, approved by USEPA via 

emails on August 11, 15-16, and 21, 2017, contained procedural and logistical updates, some 

of which involved Biota sampling and Biota sample handling. Addendum B primarily 

focused on proposed water and sediment sampling that was subsequently conducted in 

December 2017. Addendum B also stated that Biota, sediment, and water samples would be 

analyzed for bacteria Deoxyribonucleic Acid (DNA) via polymerase chain reaction (qPCR). 

Addendum B was not approved, nor denied, by USEPA. However, the results of the DNA 

analysis provide critical quantitative data relative to bacteria concentrations in Biota,

sediment, and water samples and because of this, the DNA analysis and results were 

integrated into the current report.  

2.4 Pre-Dive Communication and “Dive Plan”

Open and consistent communication with all parties was required throughout the Biota 

Investigation. A communication framework was developed during the practice dive and 

initial Biota sampling dives. The framework consisted of the following general steps, each of 

which was taken before and during Biota sampling dives: 
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� Assemble representatives from Enbridge, Enbridge contractors, and the ITP inside 

the “dive shack”, which was a conex box (i.e., a large, steel-reinforced box often 

used as a shipping container – Photograph 3) outfitted with multiple computer 

screens and televisions that were used to view video footage during dives. This group 

of individuals was kept as consistent as possible throughout the course of operations;  

� Discuss and confirm the target sample location with BMC Project Manager; 

� Navigate ROV (made by VideoRay, LLC) to the sampling site and evaluate the site 

via real-time video feed from the ROV to the work barge. Additional details related 

to the evaluation of the pipelines with the ROV is provided in Section 2.5.1;

� Complete applicable portions of the Biota sampling checklists, which are described 

in more detail below; 

� Based on the results of the ROV evaluation, reach consensus among all parties with 

regards to the number of Biota samples targeted for collection and the specific 

locations on the pipelines (i.e., top, bottom, east, west) from which the Biota samples 

would be collected, hereafter referred to as the Dive Plan.

After completion of the steps above, the diver assigned to collect Biota samples at the target 

site would enter the dive shack and the BMC Project Manager would communicate the Dive 

Plan to the diver. The ROV was again navigated around the sampling site so the diver could 

view the site and the exact locations where each Biota sample was to be collected. 

2.5 Underwater Biota Surveys, Measurements, and Sampling

Biota sampling methods were consistent at all sampling sites and commenced after the Dive 

Plan was developed and the diver had reached the pipeline. A synopsis of methods for the 

Biota surveys, measurements, and sampling is summarized below.  

2.5.1 Visual Surveys

The ROV was utilized at each Biota sampling location and was critical to the Biota sampling 

efforts as it allowed for a qualitative, visual evaluation of the target sampling area(s) prior to

any divers entering the water. The ROV completed multiple passes around the target sample 

site, with attempts being made to inspect all accessible areas of the pipeline (e.g., top, sides, 

and bottom). GPS on-board the barge ensured that the correct location of the pipeline was 

being assessed, while a camera on the ROV provided live (color) video feed to personnel on 

the barge deck and on multiple television and computer monitors in the dive shack. The ROV 

video footage enabled biologists to complete sections of the Biota sampling checklist such as

qualitatively assessing the density of mussels at and around the sample site and the 

assessment of the general types (e.g., mussels, periphyton, vegetation, etc.) and layers of 

Biota at each site. Photography of the targeted sample site and surrounding areas were taken 

by the ROV operator (BMC) during visual surveys. Video taken by the ROV camera and the
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camera on the diver was viewed throughout each dive in which Biota samples were targeted 

for collection. 

2.5.2 Pipeline Circumference (Biota Thickness) 

As per the BIWP, pipeline circumference measures were taken in a manner consistent with 

the BIWP to generate data relative to the thickness of Biota attached to the pipelines. 

Circumference measurements were taken at seven (7) of the sixteen (16) biota sites but could 

not be taken at the other nine (9) sites because the bottom of the pipeline was partially buried 

was not safely accessible (i.e., a diver could not safely wrap the tape measure around the 

entire pipeline). Pipeline circumference was measured with a flexible tape measure, with care 

taken to ensure that the tape measure was securely wrapped around the pipeline but not so 

securely that it slipped into the crevices between mussels, which would underestimate Biota

thickness. Once the first measurement was taken, the diver gently, but comprehensively, 

removed all attached material from the pipeline and measured the circumference again, 

yielding two circumference measures; one measure with Biota, one measure without Biota.

Circumference measures were then repeated at two more locations, each approximately three 

feet up-current of the last measurement. A total of six (6) measurements (3 with Biota, 3 

without Biota) were taken at each site where circumference measures were possible. Data 

from these circumference measurements was used to calculate the thickness of Biota around 

the pipeline at these sites. Circumference measurement locations were easily observed by 

personnel on the barge via the ROV and diver video footage (Photographs 11-12, Appendix 

C).

2.5.3 Biota Sampling

Biota sampling took place at all locations outlined in the BIWP, including the sixteen (16) 

designated Biota sites (8 on each pipeline) and the Area of Interest and Additional Sites 

shown on Figure 1 and discussed in more detail in Section 2.2.3. Sampling occurred at 

randomly-selected areas at each of the sixteen (16) Biota sites; Biota sampling sites were not 

selected based on mussel density. The same type of Biota sampling equipment was utilized at 

all sites (Figure 2). Sampling devices were cleaned before each use (Section 2.8.1). Sampling 

methodology is further summarized below. 

2.5.3.1 Biota Sites

Biota sampling at the sixteen (16) Biota sites was conducted according to guidance outlined 

in the BIWP and in Addendums A and B (Section 2.3.3; Appendix B). A set of two samples 

was taken from each of the pipeline positions (top, bottom, east, west) that were safely 

accessible for a total of up to eight (8) samples per Biota site (Figure 3). Spacing of the 

paired set of samples was as close to one another as possible. Samples were not collected 

from the bottom of the pipeline if it was not safely accessible or if the bottom was in contact 

with the lake bed.  
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2.5.3.2 Biota sampling at Areas of Interest and Additional Sites 

At these sites, a set of two Biota samples was taken from the Area of Interest or Additional 

Site and another set of two samples was taken from an undisturbed area adjacent to the Area 

of Interest (Figure 4). Samples collected from the undisturbed area adjacent to the Area of 

Interest or Additional Site are referred to as “adjacent samples” throughout the remainder of 

this report. To the extent possible, the undisturbed area selected for the adjacent samples was 

at the same general position on the pipeline as the Area of Interest or Additional Site 

samples. Areas of Interest and Additional Sites were defined, and described in more detail, in 

Section 2.2.3.2. 

Seven (7) of the eighteen (18) Areas of Interest also coincided with a Biota site (Figure 1). At 

these seven (7) sites, paired sampling at the Area of Interest was conducted first, before the 

pipeline was cleaned for inspection, followed by the Biota sampling (6-8 samples around the 

pipeline) at a randomly-selected location near (10 – 30 feet) the Area of Interest (Addendum 

A).  

As required by Addendum A, if no Holiday was found at a given Area of Interest or 

Additional Site, the Biota samples collected at that location were euthanized and disposed of 

in accordance with the Michigan Department of Natural Resources (MDNR) scientific 

collector’s permit issued to GEI.  Therefore, these Biota samples were not evaluated for 

Biota or bacteria.  However, it is important to note that this Addendum clause did not apply 

to the seven (7) Areas of Interest or Additional Sites mentioned in the previous paragraph. At

those seven (7) locations, Biota samples were kept and evaluated, regardless of whether or 

not a Holiday was found.  

The BIWP included major objectives to be executed at each sampling location. A more 

detailed, summary of specific tasks carried out at each sampling location is as follows: 

� Tug boat and barge arrive and anchor at the target site and the ROV is deployed; 

� Initial ROV inspection begins once ROV arrives at pipeline;

� A random number is used to determine the target sampling site at the sixteen (16) 

Biota sites (Addendum A); Area of Interest and Additional Sites have pre-determined 

sampling locations;

� Dive bell (Photographs 13-14, Appendix C) is lowered to vicinity of pipeline;

� The dive plan is established and discussed with the diver (Section 2.4);

� Diver enters water and descends to the pipeline;

� Diver retrieves pre-cleaned sampling containers (Figure 2) from a steel tool crib 

lowered to lake bed before diver entered water;  
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� Diver proceeds to target Biota sampling site and confirms the exact sampling location 

(i.e., top of the pipeline, side of the pipeline, on an Area of Interest, etc.) via pointing 

to the pipeline and through radio communications with personnel in the dive shack;

� Diver holds up first sampling container (all of which were uniquely numbered) so that 

the container number is clearly visible to personnel viewing the video feed 

(Photograph 17, Appendix C); 

� Diver collects a Biota sample by 1) removing the aluminum plate covering the 

opening of the sampling device (Photograph 22, Appendix C), 2) firmly pushing the 

opening of the sampling device onto the pipeline, and 3) gently sliding the aluminum 

plate back into place, thereby detaching Biota from the side of the pipeline and

trapping the Biota in the sampling container; 

� Diver points to the exact location from which the sample was collected and the ROV 

and diver camera records video footage of the sampling site;  

� Diver repeats the Biota sampling process above until all targeted Biota samples (6-8 

at Biota sites, 4 at Area of Interest or Additional Sites) have been collected (Figures 3

& 4);   

� Sample containers are returned to the steel tool crib and the tool crib is raised through 

the water column and back onto the deck of the barge.  

Steps taken following the arrival of the Biota samples on the deck of the barge are 

summarized in Sections 2.6 and 2.7.  

2.5.3.3 Opportunistic Sampling

As required by the BIWP, material encountered along the lake floor or in the vicinity of 

Biota sampling locations was opportunistically sampled by divers. In these instances, the 

diver would place the material in a plastic bag, or put it into the steel tool crib. Details related 

to the disposition of the material (i.e., where it was found, was it attached to anything, etc.) 

were discussed with the diver during collection of the opportunistic samples.  

Opportunistic samples that contained mussels were processed in accordance with the MDNR 

scientific collector’s permit and then sent to GEI’s ecological lab for evaluation. One of these 

samples was subsequently transferred to Ann Arbor Technical Services (ATS) lab for 

analysis. 

2.5.4 Water Chemistry Evaluation

Water chemistry parameters were measured towards the end of the August/September Biota

sampling effort and during the December water and sediment sampling effort (Figure 5,

Table 2). Measurements were taken using a YSI® EX02 multi-parameter sonde. Parameters 

measured included depth (feet), temperature (°C), specific conductance (μS/cm), pH, 
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oxidation-reduction potential (ORP, mV), turbidity (FNU), dissolved oxygen (DO, mg/L), 

and DO percent saturation. Currents in the Straits precluded lowering the sonde over the edge 

of the barge. Thus, the sonde was attached to the steel tool crib that served as the container 

for the Biota sampling containers (Photograph 24, Appendix C). The tool crib was lowered 

into the water, at which point the sonde would activate and begin capturing water chemistry 

measurements on its way down to the bottom. Measurements continued while the tool crib 

was on the bottom and during its return to the surface. The frequency at which measurements 

were taken varied from 10 – 60 seconds. The tool crib was typically placed less than 10 m 

from the pipeline.  

2.5.5 December 2017 Water and Sediment Sampling

The rationale and methodology for December 2017 water and sediment collection was 

documented in BIWP Addendum B (Appendix B). The collection of lake water and bottom 

sediment was done to generate background levels of bacteria in the water column and 

sediment to provide additional context to the data generated from the Biota samples. Water 

and bottom sediments were collected in conjunction with on-going barge operations. Thus, 

the locations sampled were predicated by the barge work locations and were limited to 

collection at two sites, both on the east pipeline (Figure 5, Table 3). Representative 

photographs taken during the water and sediment sampling effort can be found in Appendix 

C.  

Water samples were collected at near surface (~ two feet of depth), approximate mid-depth, 

and near the bottom for a total of three (3) water samples per location. Bottom water samples 

were collected using a decontaminated Niskin sampler that was attached to the dive bell. All 

other water samples were collected using a decontaminated Van Dorn sampler that was 

attached to the dive bell (for mid-depth samples) or deployed over the side of the barge (for 

surface water samples). For the bottom water samples, the diver triggered the sampling 

device while on the lake bottom. For the mid-depth water samples, the diver triggered the 

Van Dorn sampler while being transported back to the surface. Water samples were then 

transferred to a laboratory-supplied bottle for subsequent handling and shipment.  

Sediment samples were collected using decontaminated sampling polyvinyl chloride (PVC) 

devices (Figure 2) that were used during Biota sample collection. The PVC pipe (4” inside 

diameter) was used to “scoop” sediment into the container to a depth of approximately two 

inches. At this point, the aluminum lid was slid back over the PVC pipe opening and the 

sampling container was placed into a mesh dive bag attached to the dive bell. Two sediment 

samples (i.e., replicate samples) were collected within six inches of each other at each site. 

Each sediment sample was homogenized inside the sampling container using a

decontaminated stainless-steel spatula prior to being transferred to pre-cleaned, laboratory-

supplied glass jars. 
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2.6 Sample Handling and Shipment

Prior to handling the samples, the steel tool crib which contained the samples was brought 

onto the deck of the barge (Photograph 24, Appendix C). Each pair of samples was then 

randomly-assigned to one of two groups, with one group of samples designated for 

APB/SRB field kit testing and DNA analysis (Microbial Insights, Knoxville, TN), and the 

other group designated for Biota evaluation at the GEI ecological lab in Denver, CO. The 

same sample used for APB/SRB field kit testing was later analyzed through DNA testing as 

described in Work Scope Addendum B. The random assignment of samples was conducted 

in the presence of ITP personnel. As an example, if the first sample container removed from 

the tool crib was identified as coming from the top of the pipeline, then the other sample 

from the top of the pipeline would be removed from the tool crib and those sample would be

randomly-assigned (coin-flip) to each of the groups. Addendums A and B provide additional 

detail specific to the DNA analysis. Sections 2.6.1 – 2.6.4 describe handling and shipment 

methods for each group of samples collected during the Biota Investigation.  

2.6.1 APB/SRB Field Test Kit and DNA Analysis Samples

Samples designated for APB/SRB field kit testing were handled in accordance with 

instructions provided by the manufacturer (BioSan, Inc., Appendix D) and are summarized 

below (Photographs 28-35, Appendix C): 

� The contents of a sampling container were poured onto a piece of flexible 580 micron 

mesh screen, which was laid on top of a sieve with a mesh size of 254 microns. 

Material remaining inside the container was washed out of the container using a spray 

bottle containing lake surface water. The majority of the water inside the sample 

container passed through the mesh screen, with the Biota remaining on the mesh; 

� An APB and SRB field test kit was then initiated following instructions provided by 

BioSan. A swab provided with each test kit was pressed (“dabbed”) into multiple 

areas of the Biota sample for a period of 8-10 seconds total for each swab. All types 

of material (mussels, periphyton, vegetation, sand/detritus, etc.) were contacted by the 

swab;

� Each swab was then immersed in its associated test tube and the test tube was labeled 

with a sample identification (ID) code and the date and time in which the sample was 

collected; 

� APB and SRB test tubes were then placed into a BioSan SaniCheck 120v incubator 

set at 30°C;  

� Test tubes were then monitored per BioSan instructions for up to five days or until a 

color change was observed in the test tube (Appendix D), whichever came first; 
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� Periphyton and all non-mussel Biota that was presumed to be attached to the pipeline 

was picked from the sample using pre-cleaned stainless-steel instruments (spatulas 

and tweezers);

� The periphyton sample was then placed into a plastic bag (Ziploc®) that was labeled 

with information such as the date and time of collection, and the sample ID;

� The sample bag was then sealed and placed inside another plastic bag, which was also 

sealed; 

� Periphyton samples were then placed into a cooler filled with ice for transport back to 

a secure facility;

� Quagga mussels (���������	
�������$ removed from samples destined for APB/SRB 

testing and DNA analysis were euthanized and preserved by immersion in ethanol 

and subsequently disposed of as required by the MDNR scientific collector permit

issued to GEI. 

2.6.2 Biota Evaluation Samples

Samples designated for Biota characterization (i.e., Biota classification, measurements, etc.) 

were handled according to steps summarized below (Photographs 37-39, Appendix C): 

� The contents of a sampling container were poured onto a piece of flexible 580 micron 

mesh screen, which was laid on top of a sieve with a mesh size of 254 microns. 

Material remaining inside the container was washed out of the container using a spray 

bottle containing lake surface water. The majority of the water inside the sample 

container passed through the mesh screen, with the Biota remaining on the mesh; 

� The corners of the mesh bag were then folded inward and the contents of the mesh 

bag were securely wrapped up before being hung to drip-dry (dewater) for 

approximately five (5) minutes; 

� The mesh bag was then placed into a plastic bag (Ziploc®) that was labeled with 

information such as the date and time of collection, and the sample ID; 

� Biota samples were then placed into a cooler filled with ice for transport back to a 

secure facility.

2.6.3 Water and Sediment Samples

Water and sediment samples collected in December 2017 were handled on the barge in the 

following manner (Photographs 25-27, Appendix C): 

� Water: APB and SRB field test kits were initiated for water samples following 

BioSan instructions. The test kits were started while the water was still in the 
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collection vessel (Niskin or VanDorn sampler). After APB and SRB field test kits 

were started, the water was transferred to a pre-cleaned, lab-supplied water bottle. 

� Sediment: water inside the sampling container was first poured out, taking care to 

minimize sediment loss during dewatering. Collected sediment was then 

homogenized inside the sampling container using pre-cleaned stainless-steel spatulas 

and transferred to pre-cleaned, laboratory-supplied glass jars. Once inside the glass 

jars, APB and SRB field test kits were initiated following BioSan instructions. 

� Water and sediment samples were then labeled with information such as the date and 

time of collection, and the sample ID and placed into a cooler filled with ice for 

transport back to a secure facility.

2.6.4 Opportunistic Samples

Opportunistically-collected samples were visually inspected by Enbridge, BMC, ITP, and 

GEI personnel. Following this, photographs of the samples were taken and information 

related to the appearance of the samples was recorded. Samples were then placed into a 

plastic bag (Ziploc®) that was labeled with information such as the date and time of 

collection, and the sample ID. Bagged samples were then placed into a cooler filled with ice 

for transport back to a secure facility. All opportunistically-collected samples were 

transferred to the GEI ecological lab for storage.  

2.6.5 Handling and Processing at Secure Facility

Additional sample handling and processing (Photograph 40, Appendix C) of Biota samples 

destined for characterization by the ecological lab occurred at a secure field-based facility. At 

the secure facility, the mass (weight) of each Biota sample was measured with a calibrated

balance (Ohaus® Scout SPX621). After this, a measured volume of reagent grade ethanol 

(VWR, Inc.) was poured into the plastic bag containing the Biota samples to euthanize the 

mussels per MDNR permit. Periphyton, water, and sediment samples destined for extraction 

and Census qPCR analysis by Microbial Insights required no additional processing (i.e., 

ethanol was not added as mussels had been removed from those samples). Chain-of-custody 

(CoC) paperwork for all sample types (Biota, water, sediment, etc.) were then completed

(Photograph 41, Appendix C).  

Samples were then transferred to a refrigerator for temporary (typically less than 24 hours) 

holding while awaiting shipment. Upon making shipment arrangements, samples and CoC 

documents were placed into a cooler, which was secured using packing tape and custody-

sealed such that the custody seal would need to be broken in order to access the contents of 

the cooler (Photograph 42, Appendix C). Samples were then transported to FedEx or UPS for 

overnight shipment to Microbial Insights (Knoxville, TN) for DNA extraction and analysis,

or to the GEI ecological lab in Denver, CO. Ice was not required for samples sent to the GEI 

ecological lab as those samples were preserved with ethanol to euthanize quagga mussels as 

required by the MDNR permit. Bagged ice was included in coolers containing samples 
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shipped to Microbial Insights. Most samples were shipped within 24 hours of collection, with 

exceptions being samples that were collected on a Friday or Saturday, which could not be 

shipped until the following Monday. In those cases, samples were kept refrigerated until 

shipment.  

2.7 Sample Processing and Evaluation

2.7.1 APB/SRB Field Test Kits

As described above, APB/SRB field test kits were initiated and maintained according to 

BioSan instructions (Appendix D). Once a test was initiated, the test tube was placed in the 

incubator set to 30°C as recommended by BioSan. All test tubes were checked on a daily 

basis for color change that would be indicative of the presence of APBs or SRBs. The 

magnitude of the color change and the speed at which the color change took place were 

compared to evaluation charts provided by BioSan to make a qualitative determination of the 

presence of APBs and SRBs. For both test types, the test is discontinued after five (5) days if 

no color change is observed in that time frame. More detail on APB/SRB field test kit use 

and the evaluation charts are provided in Appendix D. Color change (if any) and time 

associated with the observed color change was recorded daily on an APB/SRB track log. 

Photographs were taken of all test tubes in which a color change was noted (Photographs 43-

44, Appendix C). For reference purposes, a new, unopened test tube was placed next to the 

test tube in which color change had been observed to allow for better interpretation of the 

magnitude of the color change. On a few occasions, photographs of test tubes were sent via 

email to BioSan for confirmation of the color change documented by GEI. In all cases, 

BioSan agreed with the interpretation made by GEI.  

2.7.2 Biota Counts, Densities, and Weights

At the ecological lab, Biota samples were evaluated and separated into general categories: 

mussels, benthic macroinvertebrates, macrophytes and periphyton. Qualitative wet weights of 

the entire sample mass and its components along with quantitative dry weights of whole 

mussels, mussel shell fragments, benthic macroinvertebrate, and periphyton components 

were obtained (macrophytes were not observed). Following the separation of the Biota

components, each sample contained inorganic material (e.g. sediment/sand/grit) and some 

samples contained “material of interest” (MOI), the latter of which was material not able to 

be positively identified during barge operations. Therefore, two additional categories

(inorganic material and MOI) were created to account for these remaining dry weight 

components. All mussels were identified and enumerated. All mussels were measured for

length, width, and height of the base and sorted by size class. Benthic macroinvertebrate, 

periphyton and planktonic algae/zooplankton were identified to the lowest practical level.

The microscopic planktonic algae/zooplankton required an additional level of taxonomic 

evaluation and as such, eight (8) samples from both the east and west pipelines (n=16 

samples total) were sent to PhycoTech, St. Joseph, MI, to identify and determine 
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presence/absence of planktonic algae/zooplankton. A complete description of Biota sample 

evaluation is detailed in GEI Standard Operating Procedures (SOP) documents (Appendix E)

and raw data (e.g., mussel measurements, algae classification, etc.) from the Biota

characterization is provided in Appendix F.  

MDNR required euthanization of mussels via ethanol to minimize the potential risks related 

to the shipping an invasive species. The addition of ethanol to the Biota samples is a variable 

that could influence the wet weights of Biota samples recorded at the laboratory. To control 

for this, the dry weight of all Biota samples and sample strata was also generated (as 

described in the previous paragraph) and dry weights are most commonly referenced in the 

remainder of this document. 

2.7.3 DNA Extraction and Analysis

Samples sent to Microbial Insights were designated for extraction upon receipt, preserving 

the opportunity to perform DNA analysis indefinitely. Extraction and analysis methodology 

is outlined in Appendix G, which was provided to GEI in a redacted and locked form to 

protect proprietary information. Parts of the methodology were redacted by Microbial 

Insights to protect business confidential details. Census qPCR (quantitative polymerase chain 

reaction) DNA analysis was carried out on all samples extracted. This type of analysis 

enables enumeration of specific organisms or genes encoding specific biological functions. 

The targets selected for evaluation were APBs and SRBs. Reported APB results are a sum of 

five different assays, while reported SRB results are a sum of seven different assays. The 

genera targeted by each of the assays are listed below.
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AGN-1: &�������	

AGN-2: "��������

AGN-3: '��������
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��������		

�
���������
�������������
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������	���������������	�������
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���	�������
���������	���������
��������	
��������������	�������������	������������	�������
������	����������������	
���������
��	��������������	��������������	������������	�������������	
�������������	�������
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����	������������
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APS-3:	�����������������	�������������	�������
���������	������������	����������
����	
"��������
�����	"��������
����������	*���������$	

APS-4:	'������������
���������	'�����������������	

APS-5:	'��������������
���	

APS-6:	'������������
���	

APS-7:	�������
��������	���������			

2.8 Quality Assurance/Quality Control (QA/QC) Actions

A Quality Assurance/Quality Control Project Plan (commonly referred to as a “QAPP”) was 

not a requirement of the Consent Decree, nor was it recommended by reviewers of the 

BIWP. Nevertheless, QA/QC measures and protocol were implemented and followed 

throughout the Biota Investigation to ensure sufficient and complete documentation and the 

integrity of Biota samples and subsequent data generated from their analysis. Many of the 

QA/QC measures implemented in the Biota Investigation were consistent with quality 

assurance procedures recommended by USEPA (USEPA 2002a, 2002b, 2002c). QA/QC 

measures are summarized below:

2.8.1 Documentation and General QA/QC

The development and use of detailed checklists (Appendix A) for each type of Biota

sampling location (Area of interest, Additional Site, Biota site) was a primary means of 

ensuring consistent documentation throughout the effort. Field notes including field 

illustrations (when relevant) were captured in field data sheets (Appendix H). Daily field 

activity logs (Appendix I) were created to summarize all sampling activity and 

communication related to Biota sampling. Time and date-stamped photos were taken 

throughout the effort (Appendix C). GEI utilized a total of three staff members for the Biota 

sampling effort, with two of the staff members present nearly every day of the effort. Strict 

CoC protocol was also adhered to for all samples collected throughout the effort 

(Appendix J). 

Sample IDs were structured in an attempt to provide a unique ID that would communicate 

the pipeline sampled, Zone, and pipeline position from which a biota sample came from. 

There were instances where a sample ID was assigned to more than one sample due to the 

random selection of numbered sampling containers by the diver. In all cases, additional 

information such as the date and time of collection, site ID and depth of sample collection 

enable differentiation of those samples. Appendix F includes a table reporting sample IDs 

that were used more than once during the Biota Investigation.  
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2.8.2 Equipment Decontamination

Equipment such as the Biota sample containers, spatulas used for sorting samples, and 

surfaces that could come into contact with Biota samples was regularly washed with non-

phosphate detergent (Liquinox®). Care was taken to ensure that all sample material, 

sediment, and mussels were washed from the Biota sampling containers between each 

sampling site. Lake water was used as a final equipment rinse during the August/September 

Biota sampling effort. APBs were observed in several of the August/September QA/QC 

samples that were rinsed with lake water (Section 3.7). Because of this, distilled water was 

used to rinse equipment during the December water and sediment effort. Equipment was also 

rinsed with ethanol as an additional decontamination step in the December water and 

sediment effort.  

2.8.3 Verification of APB/SRB Field Test kits

As discussed in Section 2.7.1, the presence (or lack thereof) of APB/SRBs in field test kits is 

predicated by color change (if any), and the speed at which the color change was observed. 

For all tests, both factors were compared to evaluation charts provided by BioSan to 

determine the presence of APBs and SRBs. The magnitude of color change can be a 

subjective measure and in a few instances, it was not clear which narrative category (i.e., 

“Heavy”, “Moderate”) APB/SRB category should be assigned. In those cases, photographs of 

test tubes were sent via email to BioSan for confirmation of the color change documented by 

GEI. In all cases, BioSan agreed with the interpretation made by GEI. 

Multiple types of QA/QC samples were also generated in association with APB/SRB field 

test kits. These samples were first initiated approximately one week into the Biota sampling 

program after multiple discussions related to the observation that all APB/SRB field test kits 

utilized thus far on Biota samples had resulted in “Strong” APB and “Heavy” SRB results 

based on evaluation charts provided by BioSan (Appendix D). The QA/QC samples included, 

but were not limited to: 

� Equipment blanks – this was water (of various types) poured over equipment used 

during Biota sampling and handling then the equipment was swabbed with the 

APB/SRB field test kit swabs. Examples would be water poured over nitrile gloves, 

water poured over decontaminated sample container, etc.

� Water blanks – APB/SRB field test kit swabs were directly immersed in lake water 

(surface, at depth), distilled water, bottled water, and tap water. Sterile water 

purchased from BioSan was also evaluated during the December 2017 water and 

sediment effort.  

� Atmospheric blanks – APB/SRB field test kit swabs waved through the air inside the 

portable shelter that Biota samples were handled in.
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In most cases, QA/QC samples were generated in duplicate to evaluate the consistency of 

APB/SRB field test kit results. Duplicate field test kits are those which were taken 

concurrently from the same sample and medium as the initial (aka “parent”) sample.  

2.8.4 QA/QC of Biota Samples Sent to Ecological Lab

A summary of QA/QC measures for Biota samples evaluated by the GEI ecological lab can 

be found in GEI SOP documents (Appendix E). QA/QC measures generally involved 

verification of metrics for approximately 10% of samples collected. This verification 

included, but was not necessarily limited to:  

� Verification of dry weights through replication of massing procedures; 

� Verification of taxonomic classification of benthic macroinvertebrates (including 

Dreissenid mussels) by a certified taxonomist;

� Evaluation of CoC files, GEI laboratory sample receipt sheets, and electronic bench 

sheets for discrepancies in sample IDs, data entry/transcription errors, and any 

formulas used in required calculations.  

2.8.5 QA/QC of Census qPCR DNA Analytical Results

Census qPCR DNA analytical results received by Microbial Insights were evaluated for 

completeness (i.e., verification that results were received for all samples). Sample IDs were 

verified for all results and any discrepancies or clarification questions needed were resolved 

via email communication with Microbial Insights.

2.9 Data Analysis

Consistent with the BIWP, the weights of mussels and other Biota were summarized and 

evaluated statistically to determine if there were differences in the biomass with respect to 

the pipeline (east or west), study Zone (A-D), position on the pipeline, or whether there was 

an interaction between pipeline and position which may affect biomass accumulation. A 

summary of statistical methodology for Biota Sites, Areas of Interest, and Additional Sites is 

provided below.  

2.9.1 Biota Sites

Using data from the sixteen (16) Biota sampling sites, sum and mean dry weight for 

periphyton, macroinvertebrate, mussel, and total biomass components for top, bottom, east, 

and west position Biota samples were summarized by pipeline (east and west pipelines), pipe 

end (north and south halves of the pipeline), and individual study Zones (A-D). Periphyton, 

macroinvertebrate, and mussel total wet and dry weights were graphed by pipeline position 

(top, bottom, east, and west), pipeline, pipe end, and study Zone. 
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Mean number of mussels per square foot and their dry weight per square foot collected at 

top, bottom, east, and west pipeline positions were summarized by the east and west pipeline, 

and the north/south Zones. Mean number of mussels and dry weight per square foot were 

also graphed by pipeline position, pipeline, and north/south Zones. 

Pipeline and position data were compared for biomass and total dry weight Biota. Box plots 

of biomass and total dry weight by pipeline position and pipeline were made. Bottom 

position data was sparse or nonexistent and were excluded so comparisons of position would 

have similar N-values. Dry weight data did not meet the assumption of normality and was 

transformed by taking the square root of the values which improved normality. Between-

subjects effects of pipeline and pipeline position for Biota and dry weight were evaluated 

using a General Linear Model Two-Way Analysis of Variance. Descriptive statistics were 

generated.

Pipeline and pipe end (north/south) data were also compared for biomass and total dry weight 

Biota. Between-subjects effects of pipeline, pipe end, and their combined effect for Biota and 

dry weight were calculated using a General Linear Model Two-Way Analysis of Variance. 

Descriptive statistics were generated. Significance was determined at the alpha 0.05 level.

2.9.2 Areas of Interest and Additional Sites

The dry weight data for periphyton, macroinvertebrate, mussel, and total biomass collected 

for the different site types (Areas of Interest, Additional Sites, and samples from undisturbed 

areas adjacent to those sites) were also summarized by east/west pipeline, and north/south 

Zones.  

Area of Interest, Additional Site, and adjacent samples were evaluated for biomass and total 

dry weight Biota. Box plots of biomass and total dry weight by site type were made. The 

Mann Whitney U test was used to compare the biomass collected from Area of Interest and 

Additional Sites to adjacent samples. A ranks test of site type for Biota and dry weight and 

descriptive statistics were generated.

REDACTED SUBMITTAL - PUBLIC COPY



3.0 Results

The 2017 Biota Investigation effort generated one hundred fifty-eight (158) samples,

including Biota and opportunistic samples, that were sent to labs for Biota characterization, 

DNA analysis, and/or APB/SRB field testing. Eighty-four (84) of the samples were shipped 

to the GEI ecological lab for Biota evaluation. Seventy-four (74) Biota samples were sent to 

Microbial Insights for DNA analysis. An additional four (4) sediment and six (6) water 

samples were collected during follow-up efforts in December 2017. APB/SRB field test kits 

were utilized on ninety-six (96) Biota samples, which included all samples that were 

submitted to Microbial Insights, QA/QC samples, and opportunistic samples. A descriptive 

summary of samples collected can be found in Tables 4 & 5.  

3.1 Visual Surveys

A visual record of each Biota sampling site was created through video-photography produced 

by the ROV camera and a camera mounted on the helmet worn by each diver. Biologists 

were present during all Biota sampling efforts and viewed all video footage produced during 

Biota sampling dives in real-time (i.e., during the actual dives). This enabled biologists to 

observe and qualitatively characterize factors such as the relative level of mussel colonization

(e.g., sparse, moderate, heavy) on the pipelines and the number of Biota layers (one or 

multiple) present on the pipelines, which is reported in Table 4. Round gobies (+����
���	
������������) were observed and recorded by video-photography at many sampling sites,

particularly in Zones A and B, and were often seen consuming mussels in an around the 

pipeline, which is consistent with French and Jude (2001). Other fish species were observed 

but could not be positively identified as they typically vacated the area when the ROV drew 

near.  

3.2 Biota Samples 

Eighty-four (84) samples were shipped to the GEI ecological lab and Biota was characterized 

in seventy-five (75) of those samples. The other nine (9) samples were collected 

opportunistically by divers as required in the BIWP and are discussed in Section 3.5. Fifty-

six (56) of the eight-four (84) samples were collected at Biota sampling sites, twenty-one 

(21) from Area of Interest sites, and seven (7) from Additional Sites (Figures 6 and 7, Table 

4).  

Samples were received by the analytical labs in good condition (i.e., mussels could be 

counted, measured, weighed, and DNA could be extracted). A couple of sets of samples had 

to be refrigerated more than twenty-four (24) hours before shipment due to weekend shipping 

logistics (i.e., no Sunday shipments). However, no impact to Biota measurements nor to 

Census qPCR concentrations occurred (personal communication – GEI and Microbial 

Insights). 
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Biota samples examined showed the presence of one species of dreissenid mussel, the quagga 

mussel ���������	
�������$. No adult zebra mussels ���������	����������$ were 

identified in any of the samples containing Biota. In some cases, juvenile dreissenid mussels 

could not be positively identified to species and were determined to be quagga mussels given 

the lack of adult zebra mussels found in Biota samples. Literature supports the prevalence of 

quagga mussels over that of zebra mussels in these deeper, colder environments of the Great 

Lakes (Mills et al. 1996; Wilson et al., 2006; Peyer et. al., 2009). 

3.2.1 East Pipeline Biota Results

Eight (8) Biota sites, eleven (11) Area of Interest sites, and two (2) Additional Sites were 

sampled on the east pipeline (Figure 6, Table 1). As per the BIWP, if it was determined that 

no Holidays were present at an Area of Interest or Additional Site, the Biota samples 

collected at that location were not evaluated and were disposed of in accordance with the 

MDNR scientific collector permit issued to GEI. Sampling efforts occurred in all Zones of 

the east pipeline, at depths ranging from 71 to 216 feet.  

3.2.1.1 East Pipeline Circumference Measurements (Biota Thickness)

Pipeline circumference measurements were taken at three (3) locations on the east pipeline; 

once each in south Zones A, B, and C. The depth at which the circumference was measured 

ranged from 81 feet (Zone A) to 175 feet (Zone C). Mussel colonization was “Heavy” at all 

locations where circumference was measured. The average (mean) thickness of Biota was 

calculated at these sites using the circumference measurements and ranged from 1.21 – 2.63 

cm thick. A summary of Biota thickness results is presented in Table 6. Pipeline 

circumference measures were not possible at the other five (5) east pipeline Biota sampling 

locations as the bottom of the pipeline was partially embedded in the lake bed or not safely 

and fully accessible to divers at those locations.  

3.2.1.2 East Pipeline Mussels

Quagga mussels were found in all Zones and on all pipeline positions sampled on the east 

pipeline. No adult zebra mussels were identified in any of the samples. Mussels were the 

dominant type of Biota and contributed the greatest amount to the total biomass in all 

samples collected (Table 7). The total weight of mussels, including mussel fragments, in east 

pipeline samples varied, ranging from less than one gram to approximately 47 grams (dry 

weight; Figure 8), with an average of approximately 16 grams of mussels (dry weight) per 

sample (Table 8). Mussel dry weight per square foot, including and excluding mussel 

fragments, is provided in Table 9. Mussel density varied with an average density by Zone 

ranging from approximately 11 to 593 mussels per square foot (Table 9). Sample-specific 

results for mussel density and dry weight per square foot is provided in Appendix F.  
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3.2.1.2.1 East Pipeline Mussels by Zone

The weight of mussels in east pipeline Biota samples varied according to Zones (Figure 8; 

Table 10). Average dry weight due to mussels was least in north Zones A and B and greatest 

in south Zones A and B (Table 10). When considering the weight of mussels by Zone it 

should be noted that sample sizes sometimes differed across Zones due to the accessibility 

(or lack thereof) of the bottom of the pipeline at a given sampling site.  

3.2.1.2.2 East Pipeline Mussels by Position on Pipeline 

The weight of mussels in the east pipeline Biota samples also varied according to the pipeline 

position (i.e., top, bottom, east side, west side) from which they were sampled (Figure 8; 

Table 11). In general, the greatest mussel weights were observed in samples from the sides 

(east and west) of the pipeline, as opposed to the top and the bottom, but the bottom of the 

pipeline was not accessible for sampling at all west pipeline locations.

3.2.1.3 East Pipeline Macrophytes, Periphyton, Algae, and Benthic Macroinvertebrates

Macrophytes were not observed in any of the Biota samples from the east pipeline. Video 

footage viewed during initial dives suggested that macrophytes were present, particularly in 

shallower Zone A. However, the suspected macrophytes were subsequently confirmed to be 

,��������� sp., a filamentous green algae. Other types of Biota were observed to varying 

degrees in east pipeline Biota samples. These included, but were not limited to various types 

of free and attached algae, as well as copepods (zooplankton), and benthic 

macroinvertebrates such as amphipods and isopods. Appendices F and K provide a 

comprehensive listing of the types of periphyton and algae, and benthic macroinvertebrates 

found in samples from the east pipeline.  

The total biomass of non-mussel strata such as algae and benthic macroinvertebrates was 

negligible in comparison to the biomass of mussels (Figures 9 and 10; Table 7), and was less 

than one gram (dry weight) in all but two sites, both of which were in Zone A south. 

However, it should be noted that the diversity and abundance of these types of Biota may 

have been underestimated due to design characteristics of the Biota sampling device, which 

exposed sample contents to the water column for a brief amount of time while the device was 

being closed following sample collection. Since these smaller Biota would represent an 

insignificant amount of weight (less than one gram, dry weight) on the pipeline, there is no 

impact on the validity of the assessment. 

3.2.1.4 East Pipeline Opportunistic Samples

Five (5) samples were opportunistically collected by divers during east pipeline Biota

sampling efforts (Table 4). The origin or makeup of these samples could not be verified 

during barge operations so these samples were identified as “Material of interest” (MOI), 

“presumed detached coating”, etc. (Photographs 45-51). 
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3.2.2 West Pipeline Biota Results

Eight (8) Biota sites, seven (7) Area of Interest sites, and one (1) Additional site were 

sampled on the west pipeline (Figure 7; Table 1). As per the BIWP, if it was determined that 

no Holidays were present at an Area of Interest or Additional Site, the Biota samples 

collected at that location were not evaluated and were disposed of in accordance with the 

MDNR scientific collector permit issued to GEI. Sampling efforts occurred in all Zones of

the west pipeline, at depths ranging from 77 to 245 feet.  

3.2.2.1 West Pipeline Circumference Measurements (Biota Thickness)

Pipeline circumference measurements were taken at four (4) locations on the west pipeline; 

once in north Zones A and C, once in south Zone B, and once in Zone D. The depth at which 

the circumference was measured ranged from 77 feet (Zone A) to 234 feet (Zone D). Mussel 

colonization was “Heavy” at all locations where circumference was measured, except for the 

north Zone A location, where colonization was “Moderate”. The average thickness of Biota

was calculated at these sites using the circumference measurements and ranged from 0.81 – 

2.02 cm thick. A summary of Biota thickness results is presented in Table 12. Pipeline 

circumference measures were not possible at the other four (4) west pipeline Biota sampling 

locations as the bottom of the pipeline was partially embedded in the lake bed or not fully 

accessible to divers at those locations. 

3.2.2.2 West Pipeline Mussels

Quagga mussels were found in all Zones and on all pipeline positions sampled on the west 

pipeline, except for three samples which did not contain any mussels. No adult zebra mussels 

were identified in any of the samples. Mussels were the dominant type of Biota and 

contributed the greatest amount to the total biomass in nearly every Biota sample collected 

from the west pipeline (Table 13). The weight of mussels, including mussel fragments, in 

west pipeline samples varied, ranging from zero grams to approximately 29 grams (dry 

weight), with an average of approximately 10 grams of mussels (dry weight) per sample 

(Table 14). Mussel dry weight per square foot, including and excluding mussel fragments, is 

provided in Table 15. Mussel density also varied, with an average density by Zone ranging 

from approximately 8 to 527 mussels per square foot (Table 15). Sample-specific results for 

mussel density and dry weight per square foot is provided in Appendix F. 

3.2.2.2.1 West Pipeline Mussels by Zone

The weight of mussels in east pipeline Biota samples varied according to Zones (Figure 11; 

Table 16). Average dry weight due to mussels was least in north Zone A and greatest in south 

Zones A (Table 16). When considering the weight of mussels by Zone it should be noted that 

sample sizes sometimes differed across Zones due to the accessibility (or lack thereof) of the 

bottom of the pipeline at a given sampling site.
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3.2.2.2.2 West Pipeline Mussels by Position on Pipeline 

The weight of mussels in the west pipeline Biota samples also varied according to the 

pipeline position (i.e., top, bottom, east side, west side) from which they were sampled 

(Figure 11; Table 17). In general, the greatest mussel weights were observed in samples from 

the sides (east and west) of the pipeline, as opposed to the top and the bottom, but the bottom

of the pipeline was not able to be safely sampled at all west pipeline locations.  

3.2.2.3 West Pipeline Macrophytes, Periphyton, Algae, and Benthic Macroinvertebrates

Non-mussel Biota on the west pipeline was generally similar to the east pipeline. 

Macrophytes were not observed in any of the Biota samples from the west pipeline. 

,��������� sp., a filamentous green algae, was present on the west pipeline. Other types of 

Biota including, but not limited to free and attached algae, copepods (zooplankton), 

amphipods, chironomids, and isopods were also documented. Appendices F and K provide a 

comprehensive listing of the types of periphyton and algae, and benthic macroinvertebrates 

found in samples from the west pipeline.  

The total biomass of non-mussel strata such as algae and benthic macroinvertebrates was 

negligible in comparison to the biomass of mussels (Figures 12 and 13; Table 13), and was 

less than one gram (dry weight) at the few sites where these strata were found. However, as 

stated in the east pipeline results, the diversity and abundance of these types of Biota may 

have been underestimated due to design characteristics of the Biota sampling device. Since 

these smaller Biota would represent an insignificant amount of weight (less than one gram, 

dry weight) on the pipeline, there is no impact on the validity of the assessment.  

3.2.2.4 West Pipeline Opportunistic Samples

Three (3) samples were opportunistically collected by divers during west pipeline Biota

sampling efforts (Table 4). The origin or makeup of these samples could not be verified 

during barge operations so these samples were identified as “Material of interest”, “presumed 

detached coating”, etc. (Photographs 52-55).  

3.2.3 Statistical Test to Evaluate Mussel Biomass on Pipelines

As discussed above, the mussel biomass varied between the pipelines and the position on the 

pipeline where the samples were collected. To evaluate whether the location of each pipeline 

(east or west) or the sampling position on the pipeline (top, east side, west side) influenced 

the total mussel biomass (dry weight) a Two-Way Analysis of Variance test was performed. 

Because the bottom position data was sparse or nonexistent these data were excluded so 

comparisons of position would have the same sample size. The dry weight data was 

transformed (square root) to improve normality. Between-subject effects of pipeline and 

position were calculated using the General Linear Model routine in SPSS (ver. 19) and setup 

as a Two-Way ANOVA to evaluate the hypothesis that mussel biomass is the same on each 

pipeline and that the sampling position did not influence the biomass. The test confirmed that 
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each pipeline is statistically indistinguishable with respect mussel biomass (p = 0.400) and 

that the sampling positions are also statistically indistinguishable from each other 

(p = 0.317). There was also no effect due to the interaction of the pipeline and sampling 

position (p = 0.939) on mussel biomass. Statistical analyses tables are provided in Appendix 

L. 

3.2.4 Biota Samples from Areas of Interest and Additional Sites

Biota samples were collected from a total of five (5) Area of Interest and Additional Sites on 

the east and west pipelines, respectively (Table 18 and 19). As described in Section 2.2.3, 

“paired” Biota samples were taken at these sites, with one pair being taken directly at the 

Area of Interest or Additional Site, and the other pair collected from an undisturbed area 

adjacent to the first pair of samples (Figure 4). Biota samples were not evaluated (i.e., were 

disposed of per MDNR permit requirements) at Area of Interest and Additional Sites at 

which a holiday was not confirmed (Appendix B).  

At a couple of locations (Site IDs E-AS1 and E-AS2; Figure 6), paired samples were 

proactively collected (as described in BIWP Addendum A) from the area where a Holiday 

was suspected to be. Consistent with the protocol, the general area was cleaned off (i.e., 

Biota was wiped away by hand by divers) following sample collection to facilitate more 

detailed inspection of the site. Inspection revealed no holiday where the paired samples were 

collected. However, a holiday was found within three (3) feet of the sample collection site. 

Field notes from these sites indicate that the appearance of the pipeline and Biota was 

generally consistent where the Biota samples were collected and where the Holiday was 

subsequently found. 

3.2.4.1 Area of Interest and Additional Site Pipeline Circumference Measurements (Biota Thickness)

Per the BIWP, pipeline circumference was not measured at any of the Area of Interest or 

Additional Site locations. Biota, including mussels, were less abundant at Areas of Interest 

and Additional Sites (as outlined in more detail in the next section). Thus, it is likely that 

average Biota thickness would have been lesser at Areas of Interest and Additional Sites.  

3.2.4.2 Area of Interest and Additional Site Mussels

Quagga mussels were generally absent, or observed in very low numbers in the majority 

(7/10) of Biota samples from Areas of Interest or Additional Sites. In contrast, mussels were 

present in nine (9) of ten (10) samples collected from an undisturbed area adjacent to the 

Area of Interest or Additional Site (Tables 18 and 19). The average mass of mussels,

including mussel fragments, in Biota samples from adjacent sites was often more than an 

order of magnitude greater than the average mass of mussels in Biota samples collected at 

Area of Interest or Additional sites. In the adjacent samples, Biota sample weight due to 

mussels ranged from 4.42 to 25.29 grams (dry weight) for the east pipeline, and zero (0) to 

27.01 grams (dry weight) for the west pipeline (Table 18). 
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3.2.4.3 Area of Interest and Additional Site Macrophytes, Periphyton, Algae, and Benthic 
Macroinvertebrates

Non-mussel Biota was generally absent in Biota samples from Areas of Interest, Additional 

Sites, and adjacent areas (Table 20). Macrophytes were not observed in samples from Areas 

of Interest, Additional Sites, nor adjacent areas. ,��������� sp. and isopods (benthic 

macroinvertebrates) were documented in two (2) samples collected from an Area of Interest

or Additional Site. Planktonic algae/zooplankton was evaluated in one Area of Interest 

sample and found to be similar to the organisms documented in samples collected from Biota

sites (Appendices F and K).

3.2.4.4 Statistical Test to Evaluate Mussel Biomass at Areas of Interest or Additional Sites

To determine whether the noted differences in mussel biomass (dry weight) at the Areas of 

Interest or Additional sites relative to the adjacent areas were statistically significant, a non-

parametric Mann Whitney U test was performed. The square root transformation did not 

improve the normality of these data; therefore, the non-parametric test was used. Test 

showed there was a statistically significant difference in mussel biomass (p = 0.007) with the 

adjacent sites containing more mussel biomass than the corresponding Area of Interest or 

Additional Site. Statistical analyses tables are provided in Appendix L. 

3.3 Water Chemistry

Water chemistry parameters were measured at a total of five (5) sites on the east pipeline and 

at two (2) sites on the west pipeline (Figure 5; Table 2). Most of the measurements occurred 

in early September 2017, with follow-up efforts taking place in mid-December 2017 (Table 

2). Results were consistent across the east and west pipelines, with depth at which the 

measurements were taken being the factor driving any variability observed. During the 

September efforts, DO was in the 9-11 mg/L range at all locations and depths, temperature 

ranged from approximately 18 (°C) at the surface to 8 (°C) at 234 feet of depth, and 

	��������������"�	��#	��$�����������������'*�+<��������������>�	���	�����	�������	�taken at the 

bottom, nearest the pipeline, varied 20% or less across all sites, with the exception being 

ORP, which was consistent at all sites except E-S8 in Zone A (Appendix M). As expected, 

conditions had changed by mid-December. Dissolved oxygen was robust, ranging from 12-

14 mg/L at both sites. Mixing of the water column resulted in temperature profiles ranging 

less than 4 (°C) from top to bottom (minimum 1 °C, maximum 4 °C). Measurements taken at 

the lake bed, closest to the pipeline, were again consistent across sites with the only 

exception being ORP, which for reasons unknown, varied 2-3-fold across sites. Water 

chemistry measurements were taken at two sites, both on the east pipeline. A summary of 

water chemistry results from the bottom, nearest the pipeline, can be found in Table 21 and 

Appendix M provides water chemistry measures for all depths.  
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3.4 Water and Sediment Samples

Water and sediment samples were collected from two sites in December 2017, both on the 

east pipeline (Table 5). Single water samples were collected from near the surface, the 

approximate middle of the water column, and near the bottom. One sediment sampling site 

was in south Zone A (~87 feet) and the other in south Zone B (~137 feet). Quagga mussels 

(live and dead) were present in the sediment samples to varying degrees and to the extent 

possible, were excluded from the sediment samples. A duplicate sediment sample was 

generated at site E-10. Water and sediment samples were evaluated using APB/SRB field test 

kits and analyzed by Microbial Insights for APB/SRB DNA via Census qPCR. Those results 

are reported below in Sections 3.5.1.2 and 3.7.  

3.5 Opportunistic Samples

The nine (9) opportunistically-collected samples were collected from the lake bed or off the 

pipeline. Seven (7) of the samples had no attached Biota on them. Biota was found on the 

other two samples, which were collected at sites E-AOI11 and W-AOI1, respectively. On the 

sample from E-AOI11, 0.441 grams (dry weight) of quagga mussels (no mussel fragments 

were in the sample) were found, while 130.4 grams (dry weight) of quagga mussels, 

including mussel fragments, and 0.009 grams (dry weight) of macroinvertebrates were 

documented from the W-AOI1 sample. No other type of Biota was found in measurable 

amounts on those samples. Appendix F contains a table summarizing the opportunistic 

sample collection locations.  

3.6 APB/SRB Field Test Kits 

3.6.1 APB/SRB Field Test Kit QA/QC Samples

A total of forty-six (46) APB/SRB field test kits were utilized for QA/QC purposes during 

the Biota, water, and sediment sampling efforts. Of these, twenty-two (22) were generated 

during the August/September Biota effort and the other twenty-four (24) were generated 

during the December water and sediment effort. Forty-six percent (46%) of the APB field 

test kit QA/QC samples registered some level of acid production, while SRBs were observed 

in only four percent (4%) of the SRB field test kit QA/QC samples (Table 22). An ethanol 

rinse step, and the use of distilled water as rinse water instead of lake water, were added into 

equipment decontamination procedures during the December water and sediment sampling 

effort. As such, APB/SRB field test kit QA/QC sample results are presented in Sections 

3.5.1.1 and 3.5.1.2 for each sampling effort.  

For reference, BioSan APB and SRB field test kit interpretative tables and narrative 

categories for APB and SRB are shown below and in Appendix D. A quantitative 

interpretation of narrative categories of APB concentrations, similar to the scale used for 

SRB interpretation, is not available (this was also confirmed via email with BioSan) and 

therefore is not provided with BioSan APB field test kits. 
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3.6.1.1 APB/SRB Field Test Kit QA/QC Samples: August/September 2017 Biota Sampling Effort

In the August/September effort, “Strong” acid production was observed in ten (10) QA/QC 

samples, while “Medium” acid production was observed in two (2) QA/QC samples. 

Equipment blanks and lake water samples were the QA/QC sample types where acid 

production was most frequently observed. Acid production was not observed (i.e., no yellow 

color change in agar tubes after five days of incubation) in the other ten (10) QA/QC 

samples. Inconsistent APB field test kit results for QA/QC samples were also observed 

during the August/September effort. This was most apparent when blanks were generated in 

duplicate (i.e., two blanks generated from the exact same sample). For example, “Strong” 

acid production was observed in the sample SSLAKEH20B4, which was lake water collected 

from the bottom via a Niskin sampler. The duplicate of that sample was 

SSLAKEH20B4DUP, which registered “No production”. Conflicting results between a lake 

water sample and its duplicate were also observed in samples LAKEH20B4 (lake surface 

water sample), in which acid production was not observed (“No production”), and in its 

duplicate sample LAKEH20B4DUP, in which “Strong” acid production was observed (Table 

22). 

QA/QC sample results for SRBs were more consistent than those for APBs, with 91% 

(20/22) of the samples resulting in “Generally insignificant” concentrations of SRBs (Table 

22). 
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3.6.1.2 APB/SRB Field Test Kit QA/QC Samples: December 2017 Water and Sediment Sampling Effort

Acid production was observed in nine (9) of twenty-four (24) QA/QC samples evaluated in 

the December water and sediment sampling effort. Of those nine samples, acid production 

was categorized as “Medium” in four (4) of them, and “Weak” in the other five. In all cases 

where acid production was observed, the sample media was distilled water that was poured 

into a decontaminated water or sediment sampling device. Acid production was not observed 

in multiple samples of sterile water (purchased from BioSan) that was poured into 

decontaminated water or sediment sampling equipment (Table 22).

SRBs were not observed in any of the twenty-four (24) QA/QC samples evaluated during the

December 2017 effort (Table 22). 

3.6.2 APB/SRB Field Test Kits: Biota Samples

“Strong” acid production was observed in 100% of the APB field test kits utilized on Biota

samples (Tables 23 and 24). “Heavy” or “Moderate” to “Heavy” concentrations of SRBs 

were observed in 100% of the SRB field test kits utilized on Biota samples (Tables 23 and 

24). As such, there was no variation in APB/SRB field test kit response based on type of site 

(Biota site, Area of Interest, and Additional Sites), pipeline (east versus west), Zone, and/or 

pipeline position from which the samples were collected. Representative photographs of 

APB/SRB field test kits can be found in the Photolog (Appendix C). 

Samples opportunistically collected (i.e., material of interest samples) by divers during Biota

sampling efforts were also evaluated using APB/SRB field test kits. “Strong” acid production 

and “Heavy” SRB results were observed for all of these samples as well, regardless of 

pipeline, Zone, or pipeline position from which the samples were collected (Tables 23 and 

24).

3.6.3 APB/SRB Field Test Kits: Water and Sediment Samples

APB/SRB field test kits were utilized on all water and sediment samples collected in 

December 2017. In general, the field test kits indicated the presence of lesser APB/SRBs in 

water than in sediment, but some variability was apparent (Figure 5, Table 25). In water, 

“Weak” and “Medium” acid production was observed in 66% (2/3) of samples from Zone A, 

whereas “No production” was observed in 100% (3/3) of the samples from Zone B. 

Generally insignificant” levels of SRBs were observed in 100% (6/6) of the water samples. 

In contrast, “Strong” acid production and “Heavy” SRB results were observed in all of the 

sediment samples collected, regardless of Zones.  

3.7 Census qPCR DNA Analysis: Biota Samples

APBs were detected above the laboratory reporting limit in 4% (3/70) of the Biota samples 

while SRBs were detected above the reporting limit in 94% (66/70) of Biota samples 
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(Figures 14 and 15). Four of the seven SRB DNA assays evaluated for were not present in 

any of the Biota samples. The other three assays (APS-1, APS-2, and APS-3) were detected 

in 89% or more of the Biota samples evaluated (Table 26). APBs were detected with lesser 

frequency in Biota samples, with assay AGN-2 being detected in 30% of the Biota samples 

and the other four assays detected in less than 9% of the Biota samples (Table 26). The 

laboratory report provided by Microbial Insights for Census qPCR results in Biota samples is 

presented as Appendix N.  

3.7.1 Census qPCR DNA Analysis QA/QC

Many of the Census qPCR DNA results for Biota samples were “J-qualified” (aka J-flagged) 

by the lab, meaning that APBs were detected (concentrations greater than zero), but 

concentrations were below the sample-specific reporting limit set by the lab. As such, J-

qualified results are considered estimated concentrations by the laboratory. Over 37% (26/70) 

of the APB results were J-qualified. SRB results were J-qualified to a far less degree. In 

addition, Microbial Insights reported that the small weight of the Biota samples (most were 3 

grams or less, wet weight) resulted in elevated reporting limits for APBs. Four (4) Biota

samples sent to Microbial Insights lacked sufficient mass and could not be extracted for 

Census qPCR analysis. 

3.7.2 Census qPCR DNA Analysis by Zone

Concentrations of APBs in Biota samples ranged from approximately 1.0 x 105 – 2.0 x 105

cells/gram on the east pipeline, but only three samples had APB concentrations above the 

reporting limit. APBs were not detected above the reporting limit in any samples from the 

west pipeline, precluding spatial comparisons to the east pipeline. SRB concentrations were 

generally consistent across both pipelines, with the vast majority of concentrations in the 

range of 1.0 x 105 – 1.0 x 107 cells/gram, regardless of pipeline and Zone from which a Biota

sample was taken (Figure 14).

3.7.3 Census qPCR Analysis by Position on Pipeline

There was no discernable pattern in APB concentrations in Biota samples based on pipeline 

position as most samples were J-qualified or not detected over the laboratory reporting limit.

SRBs were detected above the laboratory reporting limit in samples from all pipeline 

positions and concentrations were relatively consistent (Figure 15). 

3.7.4 Census qPCR Analysis at Areas of Interest and Additional Sites

There was no discernable pattern in APB concentrations in Biota samples between Area of 

Interest and Additional Sites and their respective adjacent samples as most samples were J-

qualified or not detected over the laboratory reporting limit. SRBs were detected above the 

laboratory reporting limit in samples from all Areas of Interest, Additional Sites, and 

adjacent samples. East pipeline concentrations exhibited no apparent patterns between 
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sample pairs. On the west pipeline, SRB concentrations within adjacent samples were higher 

in all cases where paired samples were collected (Figure 16). 

3.8 Census qPCR DNA Analysis: Water and Sediment Samples

APBs and SRBs were detected above the laboratory reporting limit in 100% (6/6) of the 

water samples collected during the December 2017 sampling effort (Figure 17; Table 26). 

However, concentrations were very low, ranging from 0.6 – 74 APB cells/mL and 26 – 113 

SRB cells/mL (Appendix N). APB/SRB detection and reporting limits for water samples 

were considerably lower than limits for Biota and sediment samples because the water 

samples are filtered and DNA is concentrated in the filtrate. 

APBs were detected above the reporting limit in 25% (1/4) of the sediment samples collected 

in December 2017, whereas SRBs were observed above the reporting limit in 100% (4/4) of 

the sediment samples (Figure 18, Table 26). Two of the sediment SRB concentrations 

exceeded 1.0 x 108 SRB cells/gram, a value greater than 98% (69/70) of the SRB 

concentrations found in Biota samples collected during the August/September Biota

sampling effort (Figure 14). 

In general, the APB/SRB DNA genera documented in water and sediment samples were the 

same genera observed in Biota samples (Table 26). Water and sediment samples were 

collected only from the east pipeline, precluding comparisons to the west pipeline. The 

complete laboratory report provided by Microbial Insights for Census qPCR DNA analysis in 

water and sediment samples is presented as Appendix N. 

3.8.1 Census qPCR DNA Analysis in Water and Sediment Samples by Zone

Water and sediment were collected from the east pipeline, south Zones A and B. No obvious 

spatial pattern was observed when comparing across Zones A and B where the samples were 

collected (Figures 17 and 18). 
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4.0 Results Summary

A significant amount of data was obtained and generated from the visual observations, Biota

measurements, and the assessments and analyses conducted on Biota, water, and sediment 

samples collected during the Biota Investigation. This section was developed to provide a 

concise summary of key observations and findings presented above in Section 3.0. Further 

discussion of the results most pertinent to the goals and objectives of the Biota Investigation 

is provided in Section 5.0 (Discussion).  

4.1 Visual Observations

Use of underwater video-photography enabled qualitative assessment of the surface of the 

Line 5 pipelines, including observation of the Biota community on the pipelines. Key visual 

observations are bulleted below:  

� Water clarity and the use of underwater lights on the ROV and diver enabled visual 

observations to be made of the pipeline and the surrounding environment.  

� The east and west pipelines had similar types of Biota attaching to them.  

� Inorganic matter (sediment/sand) was observed on the pipelines at nearly every 

location and was present to varying degree in most, if not all, Biota samples collected. 

� Quagga mussels were observed on both pipelines, on all positions of the pipeline (top, 

bottom, and sides), and in all study Zones (A-D). 

� Quagga mussels were unevenly distributed across the pipelines, wherein mussels 

would appear very dense in a given area, then sparse just a few feet away.  

� Mussel density and weight was variable across pipelines, Zones, and pipeline 

positions (top, bottom, east, west).  

� Mussels and other Biota were not observed damaging or removing the coating of the 

pipe. 

� Dead quagga mussels were regularly observed in Biota samples and often appeared to 

remain attached to the pipelines.

� ,��������� (a filamentous green algae), was commonly observed in the shallow 

water areas of Zones A and B.  

� Round gobies were regularly observed around and on the pipelines, frequently 

preying upon mussels.  

� Suspected Holidays appeared to be covered with a whitish colored precipitated 

material later identified by lab analyses to be forms of calcium and magnesium 

carbonates (ATS 2018). 
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� Visual examination of the byssal threads of the mussels via electron microscopy

(Appendix O) indicate that byssal threads are not penetrating the coating around the 

pipe but are merely “splaying” out and adhering to the surface of the coating (Rees 

2016).  

4.2 Biota Measurements

Data obtained from Biota measurements supports the following: 

� Quagga mussels comprised the vast majority of biomass in Biota samples collected 

from both pipelines in 2017. 

� Mussels and mussel fragments comprised over 99% of the total biomass in the 

majority of the Biota samples from the sixteen (16) Biota sites.

� The weight of mussels accumulating on the east versus west pipelines varied but was 

not statistically different. 

� The dry weight of mussels in samples from the sides (east and west) of the pipelines 

was generally greater than from the top or bottom locations but the difference was not 

statistically different. 

� The distribution of mussel weights across the pipelines by Zone was highly variable. 

� The greatest mussel weights were reported on south Zones A and B on the east 

pipeline and north and south Zone B on the west pipeline.  

� The greatest mussel weights were reported for the sides (east and west) of the 

pipelines, as opposed to the top and the bottom. 

� Macroinvertebrates were not abundant in samples, with the majority of them being 

found in the shallower Zones.

� Macroinvertebrates identified in the few Biota samples are detrivores and feed on the 

pseudo-feces and feces of mussels (Vanderploeg et al., 2002; Wilson et al., 2006). 

� Biomass of benthic macroinvertebrates, phytoplankton, and algae was substantially 

less than the biomass of mussels.  

� The thickness, density, and weight of mussels and other Biota was variable across 

Zones.  

� The presence of Biota increased the overall circumference of the pipelines an average 

of 1.41-2.53 cm on the east pipeline and 1.15-1.92 cm on the west pipeline at the 

seven (7) locations where pipeline circumference (Biota thickness) could be 

measured. 

� There was no statistical difference in the density of mussels with respect to their 

position on the pipeline (i.e. top, west, or east side of the pipe). 
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� Biota from the bottom of the pipe could not be statistically compared with a high 

level of confidence to the other pipe locations due to small sample size. 

� Inorganic material (sediment/sand) was present in all of the Biota samples. 

� The Areas of Interest and Additional Sites contained significantly less mussel 

biomass than the undisturbed areas directly adjacent to those sites. The difference was 

statistically significant.  

4.3 APB and SRB Field Test Kit Results 

� Acid production from was unexpectedly observed in QA/QC samples such as distilled 

water, and tap water. 

� APB field test kit results were inconsistent in several duplicate sample pairs. 

� The validity of APB field test kit results, particularly those from the 

August/September sampling effort, is uncertain.  

� APB field test kit results were more consistent after adding an ethanol rinse to 

equipment decontamination procedures. Discrepancies between duplicate samples 

were still observed, but to a lesser degree.

� Acid production and SRBs were observed in all of the field test kits used on Biota and 

sediment samples, regardless of pipeline, Zone, and pipeline position sampled. 

� Acid production and SRBs were observed on samples opportunistically collected by 

divers. 

� Acid production and SRBs were observed in some of the water samples from Lake 

Michigan and all bottom sediment samples collected.

� APB field test kit data did not correlate well with Census qPCR DNA APB data.

� SRB field test kit data correlated reasonably well with Census qPCR DNA SRB data. 

4.4 Biota Census qPCR DNA Results

� Some genera of APBs and SRBs analyzed for by Census qPCR were not detected in 

any of the Biota samples. 

� The present data suggest that SRBs are ubiquitous in the Straits, with strong overlap 

in the DNA genera observed in sediment, water, and Biota samples.  

� Strong overlap in DNA genera observed in sediment, water, and Biota suggests that 

Biota are not creating a unique microbiological environment, with respect to genera 

of APBs and SRBs analyzed by Microbial Insights, at the pipeline surface. 

� Census qPCR DNA results demonstrate that there are detectable concentrations of 

APBs and SRBs in Biota obtained from the pipeline surface.  
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� Greater SRB concentrations in the Biota samples in comparison to lake water samples 

could be attributed to the presence of sediment/sand and other inorganic material in 

those samples.

� APBs were infrequently detected above the Census qPCR reporting limit in Biota

samples, but the reporting limit was elevated in many samples due to the small size

(mass) of many of the Biota samples. 

� APBs may have been present in Biota samples at levels below the Census qPCR 

DNA reporting limit. 

� There is no discernable spatial pattern in APB concentrations in Biota samples,

including at Areas of Interest, Additional Sites, and adjacent samples.  

� SRBs were detected above the Census qPCR reporting limit in nearly all of the Biota

samples tested, regardless of pipeline, Zone, or pipeline position sampled.  

� Assuming that cells/gram approximates cells/mL (as recommended by BioSan), 

concentrations of SRBs reported by Census qPCR analysis are similar to those 

indicated by SRB field test kits.

� SRB concentrations vary across both pipelines and by Zones, spanning as much as 

several orders of magnitude, and showing no obvious spatial pattern. 

� SRBs were present in Biota samples at all Areas of Interest, Additional Sites, and 

adjacent samples. 

� East pipeline APB and SRB concentrations exhibited no apparent patterns when 

comparing Areas of Interest, Additional Sites, and their adjacent sample pairs.  

� West pipeline APB concentrations exhibited no apparent patterns between Areas of 

Interest, Additional Sites, and adjacent sample pairs.  

� West pipeline SRB concentrations in Areas of Interest and Additional Sites were 

greater than concentrations in adjacent samples.

4.5 Water Census qPCR DNA Results

� Census qPCR DNA results demonstrate that there are detectable concentrations of 

APBs and SRBs in water obtained from multiple depths in the water column proximal 

to the pipelines. 

� APBs and SRBs were detected in all water samples collected, regardless of depth, but 

the concentrations were low very low (maximum of 74 APB cells/mL and 113 SRB 

cells/mL). 

� The present data suggest that SRBs are ubiquitous in the Straits, with strong overlap 

in the DNA strains observed in sediment, water, and Biota.  
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� Bacteria in the water column were two to four orders of magnitude less than bacteria 

detected in Biota and in the lake bed sediments.  

4.6 Sediment Census qPCR DNA Results 

� Census qPCR DNA results demonstrate that there are detectable concentrations of 

APBs and SRBs in sediment obtained from the lakebed near the pipelines, but sample 

size was small (n=4). 

� SRBs were detected above the Census qPCR reporting limit in all of the sediment 

samples collected but sample size was small (n=4). 

� APBs were detected above the Census qPCR reporting limit in one of four (25%) 

sediment samples collected but sample size was small (n=4). 

� The greatest SRB concentrations observed in the study, all sample types included, 

was in bottom sediments but sediment sample size was small (n=4).  

� The present data suggest that SRBs are ubiquitous in the Straits, with strong overlap 

in the DNA strains observed in sediment, water, and Biota.  
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5.0 Discussion  

5.1 Sample collection

As outlined in Section 2.4, there was mutual consensus among all parties (e.g., Enbridge, 

BMC, and GEI) that the sampling approach and procedures at each location were consistent 

with the BIWP and Addendums A and B. Biota samples returned to the surface for 

evaluation were representative of what was observed being collected by divers. Water clarity,

the use of underwater lights on the ROV and diver, and constant radio contact with the divers 

enabled observations to be made of the pipeline and the surrounding environment. When 

necessary, the diver was instructed (by the dive master at the request of GEI, ITP, or BMC)

to shift their position to provide better lighting and viewing of the underwater activities or 

pipeline. For safety reasons, only one diver could perform work on the lake bed at a time. 

Currents on the bottom and bottom time (the amount of time a diver could spend working at 

the pipeline) limitations were challenges regularly encountered during sample collection 

dives. Bottom time was particularly limited (30-40 minutes) at deeper (180’+) depths, and in 

some cases, sample collection activities required multiple dives.  

Obtaining Biota samples from the surface of a pipeline also presented unique challenges. 

Bottom time limitations and current on the bottom, coupled with cold water temperatures, 

and thick gloves worn by the divers required Biota sample collection equipment and 

techniques to be easily handled and time efficient. The device used to collect Biota samples 

was very effective at collecting mussels and larger Biota as evident by minimal to no Biota

remaining on the pipeline at sampling sites following Biota sample collection. The aluminum 

cover of the sampling container formed a relatively tight barrier over the PVC pipe, but it

was not airtight (Photograph 18). Thus, it is possible that some small Biota such as benthic 

invertebrates, phytoplankton, and algae may have “leaked” out of the sampling device in the 

fraction of time the device was being closed following sample collection. These smaller 

Biota would represent an insignificant amount of weight (less than 1 gram, dry weight) on 

the pipeline. There was consensus by all parties on the barge that the Biota collected inside 

the sampling containers was representative of Biota observed on the surface of the pipelines.  

Because the aluminum cover of the sampling container was not airtight, lake water inside the 

Biota sample containers may have mixed with lake water inside the steel tool crib while the 

samples were raised to the lake surface (Photograph 18). The degree to which the water may 

have mixed is unknown but would not be expected to impact Biota APB and SRB 

concentrations based on relatively consistent (and low) APB and SRB concentrations in lake 

water samples from December (Figure 17).
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5.2 Biota observations  

The sampling scheme at the sixteen (16) Biota sites was developed to generate consistent 

data across both pipelines and across Zones within each pipeline (i.e., a Biota sampling site 

was located in every Zone of both pipelines). The data indicate that total biomass of Biota

varies by pipeline, Zone, and pipeline position, likely due to the uneven distribution of 

mussels, the random selection of sampling sites (i.e., sites were not selected based on mussel 

density), and the number of sampling sites in relation to the length of the pipelines. In some 

cases, patterns were observed in the data. For example, the central tendency (mean) of total 

biomass is generally consistent across both pipelines (Figure 19). The central tendency

(mean) of total biomass is also generally consistent across both pipelines when pipeline 

position is accounted for. Biomass from Biota collected from the top of the east pipeline is 

not statistically different than that of Biota from the top of the west pipeline (Appendix L).

No apparent patterns were observed in biomass results across Zones of both pipelines.  

Mussels and mussel fragments comprised the majority of the total biomass in Biota samples 

collected from the sixteen (16) Biota sampling sites. In these samples, mussels and mussel 

fragments were on average, 85% of the total biomass, with the median value being 99.3%. 

More than 50% of the Biota samples from the sixteen (16) Biota sites were comprised of 

more than 99.3% mussels and mussel fragments.  

Mussel density and weight was variable across pipelines, Zones, and pipeline positions (top, 

bottom, east, west), with density spanning multiple orders of magnitude, from 0 to over 1,000 

mussels per square foot (Figure 21 and Appendix F). Again, this variability is likely driven 

by the uneven distribution of mussels and the random selection of sampling sites. The uneven

distribution can be observed in photographs from previous surveys of the pipelines (Figure 5 

– location E-40, Enbridge 2017b). For reasons unknown, fewer mussels were present on the 

top of the pipeline as opposed to the sides. Mussel recruitment was evident based on the 

appearance of multiple age classes of mussels in Biota samples (Photograph 36) from nearly 

all Zones of both pipelines (Mills et al. 1996; Wilson et al., 2006). Dead quagga mussels 

were regularly observed in Biota samples and often appeared to still be attached to the 

pipelines.  

The biomass of Biota was generally far less at Areas of Interest and Additional Sites than at 

samples collected from an undisturbed area directly adjacent to those sites (Figure 20; Tables 

18 and 19). This difference is statistically significant (� < 0.05). These data directly support 

video footage observed during the Biota sampling dives, which clearly showed far less Biota

at Areas of Interest and Additional Sites when compared to immediately adjacent undisturbed 

areas. This also directly correlates to the visual criteria outlined in Section 3.2 of the BIWP

that was used to select the Areas of Interest and Additional Sites. It is unclear why fewer 

mussels and other Biota were observed at those areas during the BIWP work reported herein.  
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Visual examination of the byssal threads of the mussels via electron microscopy (Appendix 

O) indicated that byssal threads are not penetrating the coating around the pipe but are 

merely “splaying” out and adhering to the surface of the pipelines. This is supported by 

observations made during field operations wherein biologists separating mussels from 

periphyton compared the process to that of pulling velcro apart. Rees et al. (2016) explain 

how quagga mussels stick to underwater surfaces through the use of proteinaceous “anchors” 

(byssus), consisting of a series of threads linked to adhesive plaques. 

Inorganic material (sediment/sand) was present in all of the Biota samples. This material is 

transported in the water column and presumably deposited on the pipeline. Inorganic material

was present in Biota samples taken from all positions on the pipe. Given the results of the

census qPCR APB/SRB DNA analysis of sediment samples, it is reasonable to assert that 

APBs and/or SRBs in sediment may be contributing to concentrations of APBs/SRBs 

observed in Biota samples.  

Suspected holidays appeared to be covered with a whitish colored precipitated material that 

was later identified by lab analyses to be forms of calcium and magnesium carbonates (ATS 

2018). The calcium and magnesium carbonates appear to have precipitated out and adhered 

to the pipelines in those areas, presumably forming a protective coating at that location. Jack 

(2002) state that the precipitation of these calcium and magnesium can create a protective 

coating and may limit corrosive processes. Jack (2002) further states that “the presence of a 

hard, white, calcium carbonate scale is good evidence that effective CP [cathodic protection] 

potentials were achieved on metal surfaces where it is found.” 

5.3 APB/SRB presence based on field test kits  

APB field test kit results were variable and in some cases inconsistent. For example, APBs 

were observed in some unexpected QA/QC samples such as distilled water and tap water

(Table 22). Many of those samples had come into contact with equipment that had been in 

contact with lake water, so it is unclear if the test kits were registering “false positives” or 

perhaps reacting to APBs in residual lake water on the sampling equipment. More 

problematic though were the inconsistencies observed in APB field test kits that were used 

on duplicate samples. In duplicate samples, one would expect to see the exact same results 

from field test kits since duplicate samples are created from the same parent sample.

However, in some cases, the APB results differed, sometimes considerably, between the 

duplicate samples. The reason for this is unclear. Variable APB field test kit results were also 

observed in several lake water samples collected in September 2017 as part of the Biota

sampling program (Table 22). The variability observed in those samples was outlined in 

greater detail in Section 3.6.1.1.  

APB field test kit results did not correlate with Census qPCR APB DNA results. APBs were 

detected above the Census qPCR laboratory reporting limit in only 4% (3/70) of the biota 

samples analyzed. Conversely, “Strong” acid production was documented in all (70/70) of 
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the APB field test kits utilized on those same samples. The cause of this discrepancy is not 

known. However, email communication with BioSan on September 13th, 2017, noted that 

����������	(%�	�������	���	
�	�
������	��	�����	����	���	�������	��������������	���	����	
������	�������������	���������	����	��	��������	���	�������	�	�����	������	��	�����	-��	
��	�����	���������	��	.//	��	���	���	���������	��	�������	�	�����	������	��	���	"���!,���0	
(%�	'���	1��	��	.!2	�����	'���	��	���	���	��������������	�����	��	
����	��	���	������	��	����	
����������	���	���	���	������	��	(%��	+��	���	(%�	�������	���	����	������	��	����� 
Thus, it is possible that APB field test kit results may have been influenced by other types of 

acid-producing organisms. Given these factors, the weight of evidence suggests that APB 

field test kit results generated during the Biota Investigation may not be a reliable indicator 

of actual APB presence or APB concentration and should be used with caution. Census 

qPCR DNA analysis was initiated to directly measure APB and SRB concentrations.  

SRB field test kit results were consistent with Census qPCR SRB DNA results. SRBs were 

detected above the Census qPCR laboratory reporting limit in 94% (66/70) of the biota 

samples analyzed and were observed in all (70/70) SRB field test kits utilized on those same 

samples. SRB field test kit results were “Heavy” '����\�*�^.0 x 105 SRB cells/mL according to 

BioSan instructions) in 99% (69/70) of the biota samples, which correlates well with Census 

qPCR DNA SRB concentrations. 

Notwithstanding the issues above, APB and SRB field test kit results showed the presence of

APBs and SRBs in all Biota and sediment samples (Tables 23-25). APBs and SRBs were 

observed in some, but not all, lake water samples. The majority of the water column 

APB/SRB field test kit data was from the December sampling effort and it is unclear if those 

results are representative of APB and SRB concentrations in the water column at other times 

of the year.  

It is possible that APBs and SRBs in the water column may have been contributing to the 

presence of APBs and SRBs in the field test kits used for Biota (and sediment) samples. The 

Biota samples were dewatered on mesh (Photograph 28, Appendix C) prior to using APB and 

SRB field test kits. Samples would still have contained a residual amount of lake water 

during initiation of APB and SRB field test samples. The possibility that residual lake water 

in Biota and sediment samples is contributing to APBs and SRBs in the field test kits is 

supported by the Census qPCR APB/SRB DNA data that indicate the presence of low levels 

of APBs and SRBs in all lake water samples analyzed (Section 4.5).

5.4 APB/SRB presence based on Census qPCR DNA Analysis  

To the authors knowledge, the current study is the first study to report concentrations and 

composition (i.e., genera) of bacteria in Biota collected from pipelines at varying depth levels 

in the Great Lakes. As such, “background” (i.e., reference condition) levels of APBs and 

SRBs, nor methods to assess bacteria collected from pipelines in the Great Lakes presumably 

do not exist, or were not located during literature searches. The Census qPCR DNA results 
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should be considered the primary set of bacteria data to utilize, superseding the field test kit 

data, given the inconsistency of the latter (particularly the APB field test kits) and the 

quantitative nature of the Census qPCR techniques.  

Census qPCR DNA results demonstrate that there are detectable concentrations of APBs and 

SRBs in water obtained from multiple depths in the water column proximal to the pipelines. 

Concentrations of APBs and SRBs in water were very low (2-4x lower) when compared to 

concentrations in Biota and sediments (Figures 14-18). Census qPCR DNA results also 

demonstrate that there are detectable concentrations of APBs and SRBs in sediment obtained 

from the lakebed near the pipelines (Figure 18) but sediment sample size was small (n=4). 

The greatest SRB concentrations observed in the study were in bottom sediments but 

sediment sample size was small (n=4).  

Census qPCR DNA results demonstrate that there are detectable concentrations of APBs and 

SRBs in Biota obtained from the pipeline surface (Figures 14-16; Table 26; Appendix N). 

APBs were infrequently detected above the Census qPCR reporting limit in Biota samples, 

but the reporting limit was typically elevated due to the small size of many of the Biota

samples. Thus, APBs in Biota samples may have been present in concentrations at, or below, 

the Census qPCR reporting limit (Figures 14 and 15). The present data suggest that SRBs are 

ubiquitous in the Straits, with strong overlap in the DNA genera (Table 26) observed in 

sediment, water, and Biota. Concentrations of SRB in the Biota samples may be attributable 

to some degree to the contribution of SRBs from sediment/sand in those samples (Figures 14 

and 15). 

REDACTED SUBMITTAL - PUBLIC COPY



6.0 Consent Decree Assessments

The 2017 Biota Investigation study generated information that is directly applicable to the 

USEPA consent decree requirements, specifically to whether mussels and other Biota have 

impacted, are creating, or introducing features that could impact the integrity of the dual 

pipelines. Observations related to each of the consent decrees assessments are summarized 

below:  

�������������� “…..assess whether the accumulation of mussels and other Biota have 
impacted the integrity of the pipelines’ coating or the underlying metal, including areas 
where there are openings or “holidays” in the pipeline coating.”	

Findings presented in the previous section of this report (Section 5.0 Summary of Findings) 

do not suggest that the integrity of the pipelines coating or the underlying metal is being 

adversely impacted by the accumulation of mussels and other Biota on the pipelines. The 

coating of the pipeline appeared to be intact at all of the sixteen (16) randomly-selected Biota

sampling sites. Small flakes (typically less than five [5] millimeters in length/width) of 

apparent outer coating were observed attached to mussel byssal threads in Biota samples. 

However, this was likely due to the method of sample collection, which involved scraping a 

thin aluminum plate across the pipeline to dislodge Biota.  

Examination of the byssal threads of the mussels, by Enbridge (2016) and by ATS (Appendix 

O) indicate that these threads do not appear to be penetrating the coating around the pipeline. 

The imagery suggests the threads are “splaying” out and adhering to the surface of the 

coating. Underwater video-photography also showed mussels, live and dead, being easily 

removed from the pipelines by the divers gloved hand during pipeline inspections. 

Mussels and other larger Biota (e.g., macroinvertebrates) were not preferentially 

accumulating or colonizing at Holidays, Areas of Interest, or Additional Sites. For reasons 

that are not known, mussels and other larger Biota were much less abundant at most of those 

sites when compared to adjacent areas and Biota sites. Hence, based on the present data, 

mussels and larger Biota are likely not impacting the pipelines coating or underlying metal at 

Holidays because they are generally absent from those locations.

Mussels were the predominant Biota type (in abundance and biomass) observed on the 

pipelines. Other Biota such as periphyton, and macroinvertebrates were also present. The 

observations and data made during the Biota Investigation do not suggest the lesser-abundant 

Biota were impacting the integrity of the pipelines coating or underlying metal.  

���������������“…..evaluate whether the mussels and other Biota are creating a corrosive 
environment by, among other things, fostering the growth of anaerobic sulfate-reducing 
bacteria (“SRB”) that may cause metal loss.” 
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Results of APB/SRB field test kits and Census qPCR DNA analysis support that APB and 

SRB is present to varying degrees in Biota collected from the pipeline surface, in water from 

Lake Michigan, and in sediment collected near the pipelines. However, no visible corrosion 

or metal loss was observed, even in locations where Biota density was high.  

The limited number (n=4) of Census qPCR results for sediment indicate that concentrations 

of SRBs in sediment are greater than SRB concentrations in Biota and substantially greater 

than concentrations in lake water taken at multiple depths. Therefore, it can be presumed 

that, when compared to sediment, Biota on the pipelines are not creating an environment 

more conducive to the growth of bacteria.  

Biota from the pipelines contains both sediment/sand and water components. In addition, 

Census qPCR DNA analysis indicates that there is strong overlap in the strains of APB and 

SRB bacteria that were found in sediment, Biota, and to a lesser extent, water samples. The 

strong overlap in DNA genera observed in the 2017 Biota Investigation samples suggests that 

Biota are likely not creating a unique microbiological environment, with respect to genera of 

APBs and SRBs analyzed by Microbial Insights, at the pipeline surface. Given the present 

data, it cannot be determined whether bacteria in Biota samples is attributable to the 

sediment/sand or from lake water, that are both components of the Biota sampled from the 

pipelines. 

�������������� “…..evaluate whether mussels and other Biota are introducing features 
that may threaten the integrity of either of the Dual Pipelines due to the weight of such 
biomass or the pressure caused by current or ice movement around such biomass in areas 
where the pipelines are suspended above the floor of the Straits.”	

Mussels and other Biota add biomass to the pipeline. However, the weight (biomass) of 

mussels and other Biota on the dual pipelines appears to be relatively insignificant when 

compared to the weight of the pipelines and supporting infrastructure. Engineering analysis 

by others will investigate the impact of biomass on the integrity of the Dual Pipelines.  

The growth of mussels and other Biota increases the overall thickness (circumference) of the 

pipelines. However, Biota thickness was in the 1.4 – 2.5 cm range, resulting in an average 

increase in pipeline circumference of approximately 6-7% at locations where pipeline 

circumference could safely be measured. Engineering analysis by others will investigate the 

impact of increased circumference and surface roughness on the integrity of the Dual 

Pipelines.

Visual observations of the pipeline using video-photography from 2016 and the underwater 

cameras and ROV during the 2017 study suggest that the general appearance of the pipeline 

was consistent across all Zones regardless of the abundance and biomass of mussels and 

other Biota on the pipelines. This includes areas where the pipeline was suspended (i.e., in 

span) and supported by anchors.  
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The Biota Investigation was conducted during timeframes when ice was not observed at any 

Biota sampling locations, including on/near the lake bed where the pipeline is located.  
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Table 1. 2017 East Pipeline Location of Biota, tes

Site ID Location Description
Study 
Zone

Bottom 
Depth (ft)

E-S1 Biota site A 71
E-S2 Biota site B 144
E-S3 Biota site C 194

E-AOI1 Area of Interest C 194
E-S4 Biota site D 216

E-AOI2 Area of Interest D 216
E-S5 Biota site D 229
E-S6 Biota site C 175
E-S7 Biota site B 149

E-AOI3 Area of Interest A 107
E-AOI4 Area of Interest A 102
E-AOI5 Area of Interest A 103
E-AOI6 Area of Interest A 82

E-S8 Biota site A 81
E-AOI7 Area of Interest A 81
E-AOI8 Area of Interest A 81
E-AOI9 Area of Interest A 82

E-AOI10 Area of Interest A 77
E-AS1 Additional Site A 74

E-AOI11 Area of Interest A 72
E-AS2 Additional Site A 75

Table contents are represented in a north to south manner from top to bottom

"Study Zone" depth ranges (ft): A = 50 - 100; B = 100 - 150; C = 150 - 200; D = >200

Table 1. 2017 West Pipeline Location of Biota, Sites

Site ID Location Description
Study 
Zone

Bottom 
Depth (ft)

W-S1 Biota site A 77
W-S2 Biota site B 128
W-S3 Biota site C 188
W-S4 Biota site D 234

W-AOI1 Area of Interest D 234
W-S5 Biota site D 245

W-AOI2 Area of Interest D 201
W-AS1 Additional Site D 196
W-S6 Biota site C 178

W-AOI3 Area of Interest C 178
W-S7 Biota site B 129

W-AOI4 Area of Interest B 129
W-AOI5 Area of Interest A 100
W-AOI6 Area of Interest A 90

W-S8 Biota site A 80
W-AOI7 Area of Interest A 80

Table contents are represented in a north to south manner from top to bottom

"Study Zone" depth ranges (ft): A = 50 - 100; B = 100 - 150; C = 150 - 200; D = >200

Sampling at the following Biota sampling locations and Areas of Interest occurred within 10-30 feet of each other (see Section 
2.5.3.2 of Report for further details): E-S3 and E-AOI1; E-S4 and E-AOI2; E-S8 and E-AOI7

Sampling at the following Biota sampling locations and Areas of Interest occurred within 10-30 feet of each other (see Section 
2.5.3.2 of Report for further details): W-S4 and W-AOI1; W-S6 and W-AOI3; W-S7 and W-AOI4; W-S8 and W-AOI7
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Table 2. 2017 East Pipeline Water Chemistry Mea

Site ID Location Description Study Zone
Bottom

Depth (ft)
E-S3 Biota site

E-AOI1 Area of Interest
E-AS3 Water/Sediment B 137
E-S8 Biota site

E-AOI7 Area of Interest
E-AOI8 Area of Interest A 81

E-10 Water/Sediment A 83

Table contents are represented in a north to south manner from top to bottom

"Study Zone" depth ranges (ft): A = 50 - 100; B = 100 - 150; C = 150 - 200; D = >200

Table 2. 2017 West Pipeline Water Chemistry Me

Site ID Location Description Study Zone
Bottom

Depth (ft)
W-S4 Biota site

W-AOI1 Area of Interest
W-AOI6 Area of Interest A 90

Table contents are represented in a north to south manner from top to bottom

"Study Zone" depth ranges (ft): A = 50 - 100; B = 100 - 150; C = 150 - 200; D = >200

Table 3. 2017 Water and Sediment Collection Loca

Site ID Location Description Study Zone
Bottom

Depth (ft)
E-AS3 Water/Sediment B 137
E-10 Water/Sediment A 83

Sampling at the following Biota sampling locations and Areas of Interest occurred within 10-30 feet of each other (see Section 2.5.3.2 
of Report for further details): E-S3 and E-AOI1; E-S8 and E-AOI7

C 194

A 81

Sampling at the following Biota sampling locations and Areas  each other (see Section 2.5.3.2 
of Report for further details): E-S3 and E-AOI1; E-S8 and E-AOI7

D 234
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Study Zone Pipeline Position n Wet Weight (Dry Weight)
Top 1 16.09 (8.23)
East 1 19.92 (10.74)
West 1 15.10 (7.60)

Bottom - -
Top 1 4.03 (2.42)
East 1 0.95 (0.87)
West 1 0.55 (0.02)

Bottom - -
Top 1 40.78 (20.72)
East 1 22.98 (11.48)
West 1 48.21 (24.06)

Bottom - -
Top 2 9.41 - 28.66 (4.29 - 14.21)*
East 2 38.05 - 54.27 (17.33 - 24.42)*
West 2 22.47 - 56.09 (10.23 - 20.82)*

Bottom - -
Top 1 46.40 (21.50)
East 1 54.60 (25.99)
West 1 35.96 (17.63)

Bottom 1 0.38 (0.34)
Top 1 30.28 (12.27)
East 1 61.88 (25.54)
West 1 83.37 (36.77)

Bottom 1 42.31 (17.24)
Top 1 5.35 (2.40)
East 1 107.71 (46.98)
West 1 67.44 (30.78)

Bottom 1 47.76 (19.04)
*n = 2, reported as a range of results

Table contents are represented in a north to south manner from top to bottom

"Study Zone" depth ranges (ft): A = 50 - 100; B = 100 - 150; C = 150 - 200; D = >200

B

A

Table 11. 2017 East Pipeline Biota Site Sample Mussel Mass by Study Zone and Pipeline Position [g; Wet Weight (Dry Weight)]
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Study Zone Pipeline Position n Wet Weight (Dry Weight)
Top 1 0.00 (0.00)
East 1 5.07 (1.98)
West 1 2.58 (1.35)

Bottom 1 23.52 (10.96)
Top 1 53.72 (23.05)
East 1 46.64 (19.83)
West 1 58.09 (26.90)

Bottom - -
Top 1 20.82 (11.05)
East 1 25.65 (13.24)
West 1 47.24 (20.78)

Bottom 1 31.29 (14.76)
Top 2 0.00 - 1.36 (0.00 - 0.94)*
East 2 33.69 - 66.54 (15.18 - 29.11)*
West 2 35.40 - 56.17 (14.88 - 25.01)*

Bottom 1 9.04 (5.01)
Top 1 29.59 (12.99)
East 1 48.82 (19.52)
West 1 15.93 (5.72)

Bottom - -
Top 1 37.14 (18.07)
East 1 52.76 (22.63)
West 1 66.21 (28.68)

Bottom 1 30.18 (14.33)
Top 1 0.00 (0.00)
East 1 0.18 (0.09)
West 1 1.21 (0.44)

Bottom - -
*n = 2, reported as a range of results

Table contents are represented in a north to south manner from top to bottom

"Study Zone" depth ranges (ft): A = 50 - 100; B = 100 - 150; C = 150 - 200; D = >200

B

A

Table 17. 2017 West Pipeline Biota Site Sample Mussel Mass by Study Zone and Pipeline Position [g; Wet Weight 
(Dry Weight)]

A

B

C

D

C
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Table 20. 2017 Areas of Interest, Additional Sites and Paired Adjacent Sample Dry Weights (g)

Area of Interest 0.0 0.0 25.7 25.7 7.8 33.6
Adjacent 0.0 0.0 4.4 4.4 0.0 4.4

Area of Interest 0.0 0.0 0.0 0.0 0.001 0.001
Adjacent 0.0 0.0 4.8 4.8 0.03 4.8

Area of Interest 0.0 0.0 0 0 0.2 0.2
Adjacent 2.6 0.002 21.3 24.0 0.5 24.5

Additional Site 0.0 0.0 0.0 0.0 0.5 0.5
Adjacent 0.01 0.0 13.67 13.7 0.02 13.7

Additional Site 0.02 0.0 0 0.016 0.03 0.05
Adjacent 2.3 0.0 25.3 27.5 3.2 30.7

Area of Interest 0.0 0.0 0.0 0.0 0.04 0.04
Adjacent 0.0 0.001 23.7 23.7 1.4 25.1

Additional Site 0.0 0.0 2.9 2.9 0.4 3.3
Adjacent 0.0 0.0 18.3 18.3 0.7 19.1

Area of Interest 0.0 0.0 0.0 0.0 0.0 0.0
Adjacent 0.0 0.0 18.0 18.0 0.2 18.2

Area of Interest 0.0 0.001 3.6 3.6 8.8 12.5
Adjacent 0.0 0.001 27.0 27.0 0.04 27.1

Area of Interest 0.01 0.001 1.2 1.2 0.3 1.5
Adjacent 0.0 0.0 0.0 0.0 0.0 0.0

*Sum of Total Biomass and Inorganic material (sediment/sand) dry weight

Table contents are represented in a north to south manner from top to bottom by pipeline

Table 21. 2017 East Pipeline Bottom Water Chemistry Measurements

Site ID Date
Depth 

(ft)
Temperature 

(°C)
Specific Conductance 

(μS/cm)
pH

ORP 
(mV)

Turbidity 
(FNU)

DO 
(% sat)

DO 
(mg/L)

E-S3
E-AOI1
EAS-3* 12/15/2017 118 3.1 234.3 8.43 56.1 0.10 90.1 12.09
E-S8
E-AOI7
E-AOI8 9/6/2017 78 12.42 226.6 8.24 74.7 0.22 93.3 9.96
E-10* 12/13/2017 70 3.57 220.6 8.2 167.8 1.95 94.2 12.48
*Water chemistry meter attached to dive bell - readings were taken near, but not on bottom

Table 21. 2017 West Pipeline Bottom Water Chemistry Measurements

Site ID Date
Depth 

(ft)
Temperature 

(°C)
Specific Conductance 

(μS/cm)
pH

ORP 
(mV)

Turbidity 
(FNU)

DO 
(% sat)

DO 
(mg/L)

W-S4
W-AOI1
W-AOI6 9/6/2017 88 10.9 218.8 8.131082 84.2 1.35 93.9 10.38131

Sampling at the following Biota sampling locations and Areas of Interest occurred within 10-30 feet of each other (see Section 2.5.3.2 of Report for further details): E-S3 and E-
AOI1; E-S8 and E-AOI7

11.07

9/5/2017 76 12.99 227.6 8.1 59.9 0.21

9/8/2017 193 8.9 209.7 8.0 101.2

204.5 8.06 79.4 0.22 95.1

Mussel
Total 

Biomass
Inorganic Total*

94.4

0.62 95.6

Pipeline Zone Site Type Periphyton Macroinvertebrate

Sampling at the following Biota sampling locations and Areas of Interest occurred within 10-30 feet of each other (see Section 2.5.3.2 of Report for further details): W-S4 and W-
AOI1

East

C

D

A

West

D

D

C

B

A

11.37

9.94

9/7/2017 234 7.59
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Table 22. 2017 APB and SRB Field Test Kit QA/QC Results

Sample ID Sample Date Pipeline
Depth 
Zone

Sample depth 
(ft)

Material Sampled
BioSan Acid Production 

Category
BioSan Sulfate Reducer 

Production Category
TAPH2OB 8/22/2017 Tap water, sample container, seive, mesh Strong Generally insignificant
LAKEH2OB 8/22/2017 - - - Lake surface water from sprayer, sample container, seive, mesh Strong Generally insignificant
SSLAKEH2OB 8/26/2017 - - 178 Lake bottom water, sample container, seive, mesh Strong Generally insignificant
DIH2OB 8/27/2017 - - - Distilled water, sample container, seive, mesh Strong Generally insignificant
BOTH2OB 9/7/2017 - - - Bottled water (Enon Springs) - swabs directly into water No production Heavy
LAKEH2OB2 9/7/2017 - - - Lake surface water from sprayer-swabs directly into water No production Generally insignificant
SSLAKEH2OB2 Strong Generally insignificant
SSLAKEH2OB2DUP Strong Generally insignificant
MBOTH2OB 9/7/2017 - - - Bottled water (Enon Springs), mesh-swabs held under mesh Strong Generally insignificant
MLAKEH2OB 9/7/2017 - - - Lake surface water from sprayer, mesh-swabs held under mesh Medium Generally insignificant
TAPH2OB2 9/8/2017 - - - Tap water-swabs directly into water Medium Generally insignificant
DIH2OB2 9/8/2017 - - - Distilled water-swabs directly into water No production Generally insignificant
SSLAKEH2OB3 9/8/2017 East C 194 Lake bottom water-swabs directly into water No production Generally insignificant
GDIH2OB No production Generally insignificant
GDIH2OBDUP No production Heavy
TENTATMB No production Generally insignificant
TENTATMBDUP No production Generally insignificant
SSLAKEH2OB4 No production Generally insignificant
SSLAKEH2OB4DUP Strong Generally insignificant
LAKEH2OB4 No production Generally insignificant
LAKEH2OB4DUP Strong Generally insignificant
DIH2OB3 9/9/2017 - - - Distilled water, sample container Strong Generally insignificant
DWNISBLK01 No production Generally insignificant
DWNISBLK01DUP Weak Generally insignificant
DWVDBLK02 No production Generally insignificant
DWVDBLK02DUP Weak Generally insignificant
DWBSBLK03 Medium Generally insignificant
DWBSBLK03DUP Medium Generally insignificant
STWBLK04 No production Generally insignificant
STWBLK04DUP No production Generally insignificant
STWVDBLK05 No production Generally insignificant
STWVDBLK05DUP No production Generally insignificant
STWBSBLK06 No production Generally insignificant
STWBSBLK06DUP No production Generally insignificant
DWNISBLK07 Weak Generally insignificant
DWNISBLK07DUP Medium Generally insignificant
DWVDBLK08 Weak Generally insignificant
DWVDBLK08DUP No production Generally insignificant
DWBSBLK09 Medium Generally insignificant
DWBSBLK09DUP Weak Generally insignificant
STWBSBLK10 No production Generally insignificant
STWBSBLK10DUP No production Generally insignificant
STWBLK11 No production Generally insignificant
STWBLK11DUP No production Generally insignificant
STWNISBLK12 No production Generally insignificant
STWNISBLK12DUP No production Generally insignificant
"DUP" = represents a duplicate taken concurrently from the same sample as the initial (aka "parent") sample, that is shown in the preceding row

-9/7/2017

Sterile water, Niskin water sampler

Sterile water

Sterile water, biota/sediment sampler

Distilled water, biota/sediment sampler

Distilled water, Van Dorn water sampler

Distilled water, biota/sediment sampler

Distilled water, Van Dorn water sampler

Lake bottom water-swabs directly into water201-

- Distilled water, Niskin water sampler

Sterile water, biota/sediment sampler

Sterile water, Van Dorn water sampler

Sterile water

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

- -

-

-

-

-

-

-

-

-

12/14/2017

12/14/2017

12/14/2017

12/14/2017

12/14/2017

12/13/2017

-

-

-

-

-

12/14/2017

12/13/2017

12/13/2017

12/13/2017

12/13/2017

Dipped bottle lake surface water-swabs directly into water3--9/8/2017

Distilled water, Niskin water sampler---12/13/2017

Sample processing tent air---9/8/2017

Lake bottom water-swabs directly into water129BWest9/8/2017

Distilled water, nitrile glove---9/8/2017

REDACTED SUBMITTAL - PUBLIC COPY



Ta
bl

e 
23

. 2
01

7 
Ea

st
 P

ip
el

in
e 

AP
B 

an
d 

SR
B 

Fi
el

d 
Te

st
 K

it 
Re

su
lts

Ta
bl

e 
24

. 2
01

7 
W

es
t P

ip
el

in
e 

AP
B 

an
d 

SR
B 

Fi
el

d 
Te

st
 K

it 
Re

su
lts

Si
te

 ID
St

ud
y 

Zo
ne

Sa
m

pl
e 

de
pt

h 
(ft

)
Pi

pe
lin

e 
po

si
tio

n
Sa

m
pl

e 
ID

M
at

er
ia

l S
am

pl
ed

Bi
oS

an
 A

ci
d 

Pr
od

uc
tio

n 
Ca

te
go

ry
Bi

oS
an

 S
ul

fa
te

 R
ed

uc
er

 
Pr

od
uc

tio
n 

Ca
te

go
ry

Si
te

 ID
St

ud
y 

Zo
ne

Sa
m

pl
e 

de
pt

h 
(ft

)
Pi

pe
lin

e 
po

si
tio

n
Sa

m
pl

e 
ID

M
at

er
ia

l S
am

pl
ed

Bi
oS

an
 A

ci
d 

Pr
od

uc
tio

n 
Ca

te
go

ry
Bi

oS
an

 S
ul

fa
te

 R
ed

uc
er

 
Pr

od
uc

tio
n 

Ca
te

go
ry

To
p

EP
ZA

N
T1

0
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

To
p

W
PZ

AN
T1

2
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

Ea
st

EP
ZA

N
E0

9
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

Bo
tt

om
W

PZ
AN

B0
5

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
W

es
t

EP
ZA

N
W

07
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

Ea
st

W
PZ

AN
E1

1
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

To
p

EP
ZB

N
T0

6
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

W
es

t
W

PZ
AN

W
04

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
Ea

st
EP

ZB
N

E0
2

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
To

p
W

PZ
BN

T1
0

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
W

es
t

EP
ZB

N
W

05
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

Ea
st

W
PZ

BN
E0

9
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

To
p

EP
ZC

N
T1

0
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

W
es

t
W

PZ
BN

W
02

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
Ea

st
EP

ZC
N

E0
2

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
To

p
W

PZ
CN

T0
3

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
W

es
t

EP
ZC

N
W

07
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

Bo
tt

om
W

PZ
CN

B0
1

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
W

es
t

EP
ZC

N
W

05
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

Ea
st

W
PZ

CN
E0

5
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

W
es

t
EP

ZC
N

W
14

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
W

es
t

W
PZ

CN
W

10
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

W
es

t
EP

ZD
W

11
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

To
p

W
PZ

DT
04

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
Ea

st
EP

ZD
E0

8
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

Ea
st

W
PZ

DE
07

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
To

p
EP

ZD
T0

4
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

Ea
st

W
PZ

DE
07

DU
P

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
W

es
t

EP
ZD

W
03

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
W

es
t

W
PZ

DW
10

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
W

es
t

EP
ZD

W
12

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
Bo

tt
om

W
PZ

DT
B1

2
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

To
p

EP
ZD

T0
5

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
Ea

st
W

PZ
DT

E0
1

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
W

es
t

EP
ZD

W
10

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
Ea

st
W

PZ
DT

E0
6

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
Ea

st
EP

ZD
E0

9
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

Ea
st

17
09

07
-W

AO
I1

M
O

I
M

at
er

ia
l o

f i
nt

er
es

t
St

ro
ng

He
av

y
To

p
EP

ZC
ST

07
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

To
p

W
PZ

DT
05

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
Bo

tt
om

EP
ZC

ST
02

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
Ea

st
W

PZ
DE

06
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

Ea
st

EP
ZC

ST
01

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
W

es
t

W
PZ

DW
09

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
W

es
t

EP
ZC

SW
04

Bi
ot

a 
sa

m
pl

e
St

ro
ng

M
od

er
at

e-
He

av
y

W
-A

O
I2

D
20

1
W

es
t

17
09

07
-W

AO
I2

CD
Pr

es
um

ed
 c

al
ci

um
 d

ep
os

it
St

ro
ng

He
av

y
Ea

st
EP

ZB
SE

07
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

To
p

W
PZ

DT
06

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
W

es
t

EP
ZB

SW
12

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
To

p
W

PZ
DT

04
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

Bo
tt

om
EP

ZB
SB

06
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

To
p

W
PZ

CS
T1

2
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

To
p

EP
ZB

ST
11

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
W

es
t

W
PZ

CS
W

04
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

E-
AO

I6
A

82
W

es
t

17
09

05
-E

AO
I6

DC
Pr

es
um

ed
 d

et
ac

he
d 

co
at

in
g

St
ro

ng
He

av
y

Ea
st

W
PZ

CS
E0

6
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

To
p

EP
ZA

ST
03

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
W

es
t

W
PZ

CS
W

01
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

Ea
st

EP
ZA

SE
05

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
W

es
t

W
PZ

CS
W

02
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

W
es

t
EP

ZA
SW

06
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

To
p

W
PZ

BS
T0

4
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

Bo
tt

om
EP

ZA
SB

07
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

Ea
st

W
PZ

BS
E0

6
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

W
es

t
EP

ZA
SW

11
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

W
es

t
W

PZ
BS

W
12

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
W

es
t

EP
ZA

SW
10

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
Bo

tt
om

W
PZ

BS
B0

7
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

E-
AO

I9
A

82
W

es
t

17
09

06
-E

AO
I9

M
O

I
M

at
er

ia
l o

f i
nt

er
es

t
St

ro
ng

He
av

y
Ea

st
W

PZ
BS

E1
3

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
E-

AO
I1

0
A

77
W

es
t

17
09

06
-E

AO
I1

0M
O

I
M

at
er

ia
l o

f i
nt

er
es

t
St

ro
ng

He
av

y
Ea

st
W

PZ
BS

E0
3

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
W

es
t

EP
ZA

SW
02

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
W

-A
O

I5
A

10
0

Ea
st

17
08

21
-W

AO
I5

DC
Pr

es
um

ed
 d

et
ac

he
d 

co
at

in
g

St
ro

ng
He

av
y

W
es

t
EP

ZA
SW

11
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

To
p

W
PZ

AS
T0

8
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

E-
AO

I1
1

A
72

To
p

17
08

24
-E

AO
I1

1D
C

Pr
es

um
ed

 d
et

ac
he

d 
co

at
in

g
St

ro
ng

He
av

y
Ea

st
W

PZ
AS

E0
3

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
W

es
t

EP
ZA

SW
11

Bi
ot

a 
sa

m
pl

e
St

ro
ng

He
av

y
W

es
t

W
PZ

AS
W

12
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

W
es

t
EP

ZA
SW

04
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

To
p

W
PZ

AS
T0

1
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

W
es

t
EP

ZA
SW

04
DU

P
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

To
p

W
PZ

AS
T0

2
Bi

ot
a 

sa
m

pl
e

St
ro

ng
He

av
y

W
es

t
EP

ZA
SW

07
CD

Pr
es

um
ed

 c
al

ci
um

 d
ep

os
it

St
ro

ng
He

av
y

Sa
m

pl
in

g 
at

 th
e 

fo
llo

w
in

g 
Bi

ot
a 

sa
m

pl
in

g 
lo

ca
tio

ns
 a

nd
 A

re
as

 o
f I

nt
er

es
t o

cc
ur

re
d 

w
ith

in
 1

0-
30

 fe
et

 o
f e

ac
h 

ot
he

r (
se

e 
Se

ct
io

n 
2.

5.
3.

2 
of

 R
ep

or
t f

or
 fu

rt
he

r d
et

ai
ls)

: 

Sa
m

pl
in

g 
at

 th
e 

fo
llo

w
in

g 
Bi

ot
a 

sa
m

pl
in

g 
lo

ca
tio

ns
 a

nd
 A

re
as

 o
f I

nt
er

es
t o

cc
ur

re
d 

w
ith

in
 1

0-
30

 fe
et

 o
f e

ac
h 

ot
he

r (
se

e 
Se

ct
io

n 
2.

5.
3.

2 
of

 R
ep

or
t f

or
 fu

rt
he

r d
et

ai
ls)

:  
W

-S
4 

an
d 

W
-A

O
I1

; W
-S

6 
an

d 
W

-A
O

I3
; W

-S
7 

an
d 

W
-A

O
I4

; W
-S

8 
an

d 
W

-A
O

I7
E-

S3
 a

nd
 E

-A
O

I1
; E

-S
4 

an
d 

E-
AO

I2
; E

-S
8 

an
d 

E-
AO

I7
Ta

bl
e 

co
nt

en
ts

 a
re

 re
pr

es
en

te
d 

in
 a

 n
or

th
 to

 so
ut

h 
m

an
ne

r f
ro

m
 to

p 
to

 b
ot

to
m

Ta
bl

e 
co

nt
en

ts
 a

re
 re

pr
es

en
te

d 
in

 a
 n

or
th

 to
 so

ut
h 

m
an

ne
r f

ro
m

 to
p 

to
 b

ot
to

m

E-
S1

A
71

E-
S2

B
14

4

E-
S3

C
19

4

E-
AO

I1
C

19
4

E-
S4

D
21

6

E-
AO

I2
D

21
6

E-
S5

D
22

9

E-
S6

C
17

5

E-
S7

B
14

9

E-
S8

A
81

E-
AS

2
A

75

E-
AO

I7
A

81

E-
AS

1
A

74

W
-S

1
A

77

W
-S

2
B

12
8

W
-S

3
C

18
8

W
-S

4
D

23
4

W
-A

O
I1

D
23

4

W
-S

5
D

24
5

W
-A

S1
D

20
1

W
-S

6
C

17
8

W
-A

O
I3

C
17

8

W
-S

7
B

12
9

W
-A

O
I7

A
80

W
-A

O
I4

B
12

9

W
-S

8
A

80

R
ED

AC
TE

D
 S

U
BM

IT
TA

L 
- P

U
BL

IC
 C

O
PY



Ta
bl

e 
25

. 2
01

7 
W

at
er

 a
nd

 S
ed

im
en

t A
PB

 a
nd

 S
RB

 F
ie

ld
 T

es
t K

it 
Re

su
lts

Si
te

 ID
St

ud
y 

Zo
ne

Sa
m

pl
e 

De
pt

h 
(ft

)
Sa

m
pl

e 
ID

M
at

er
ia

l S
am

pl
ed

Bi
oS

an
 A

ci
d 

Pr
od

uc
tio

n 
Ca

te
go

ry
Bi

oS
an

 S
ul

fa
te

 R
ed

uc
er

 
Pr

od
uc

tio
n 

Ca
te

go
ry

1
EP

ZB
S-

W
S-

01
Su

rf
ac

e 
w

at
er

N
o 

pr
od

uc
tio

n
Ge

ne
ra

lly
 in

sig
ni

fic
an

t
70

EP
ZB

S-
W

M
-0

6
M

id
-c

ol
um

n 
w

at
er

N
o 

pr
od

uc
tio

n
Ge

ne
ra

lly
 in

sig
ni

fic
an

t
13

7
EP

ZB
S-

W
B-

05
Bo

tt
om

 w
at

er
N

o 
pr

od
uc

tio
n

Ge
ne

ra
lly

 in
sig

ni
fic

an
t

13
7

EP
ZB

S-
S1

-0
4

Se
di

m
en

t -
 re

pl
ic

at
e 

#1
St

ro
ng

He
av

y
13

7
EP

ZB
S-

S2
-0

5
Se

di
m

en
t -

 re
pl

ic
at

e 
#2

St
ro

ng
He

av
y

1
EP

ZA
S-

W
S-

02
Su

rf
ac

e 
w

at
er

N
o 

pr
od

uc
tio

n
Ge

ne
ra

lly
 in

sig
ni

fic
an

t
42

EP
ZA

S-
W

M
-0

4
M

id
-c

ol
um

n 
w

at
er

M
ed

iu
m

Ge
ne

ra
lly

 in
sig

ni
fic

an
t

87
EP

ZA
S-

W
B-

03
Bo

tt
om

 w
at

er
W

ea
k

Ge
ne

ra
lly

 in
sig

ni
fic

an
t

87
EP

ZA
S-

S1
-0

1
Se

di
m

en
t -

 re
pl

ic
at

e 
#1

St
ro

ng
He

av
y

87
EP

ZA
S-

S1
-0

3
Se

di
m

en
t -

 re
pl

ic
at

e 
#1

 d
up

lic
at

e
St

ro
ng

He
av

y
87

EP
ZA

S-
S2

-0
2

Se
di

m
en

t -
 re

pl
ic

at
e 

#2
St

ro
ng

He
av

y

Ta
bl

e 
26

. 2
01

7 
AP

B 
an

d 
SR

B 
As

sa
y 

Fr
eq

ue
nc

y 
of

 D
et

ec
tio

n 
(%

)
Se

di
m

en
t (

n=
4)

10
0.

0
10

0.
0

10
0.

0
0.

0
0.

0
0.

0
0.

0
25

.0
25

.0 0 25
.0 0

Re
su

lts
 b

el
ow

 d
et

ec
tio

n 
lim

its
 n

ot
 in

cl
ud

ed
AP

S 
= 

SR
B 

as
sa

ys
; A

GN
 =

 A
PB

 a
ss

ay
sBi
ot

a 
(n

=7
0)

AP
S-

7
AP

S-
6

AP
S-

5

0.
0

0.
0

0.
0

88
.6

98
.6

AP
S-

1
90

.0

E-
AS

3
B

E-
10

A

Ba
ct

er
ia

 A
ss

ay

0.
0

AP
S-

4
AP

S-
3

AP
S-

2

AG
N

-8
AG

N
-7

AG
N

-3
AG

N
-2

AG
N

-1

8.
6

1.
4

30
.0

8.
6

0.
0

W
at

er
 (n

=6
)

0.
0

0.
0

0.
0

50
.0

10
0.

0
50

.0
0.

0
0.

0

0.
0

83
.3

10
0.

0
10

0.
0

R
ED

AC
TE

D
 S

U
BM

IT
TA

L 
- P

U
BL

IC
 C

O
PY



Appendices

Appendix A: 2017 Biota Sampling Checklist 

Appendix B: 2017 Biota Investigation Work Plan Addendums 

Appendix C: 2017 Representative Photographs of Biota, Water and Sediment 

Collection Efforts

Appendix D: 2017 BioSan APB and SRB Field Test Kit Instructions 

Appendix E: 2017 GEI Denver Lab Standard Operating Procedures: Evaluation of 

Line 5 Samples 

Appendix F: 2017 GEI Laboratory Analyses 

Appendix G: 2017 Microbial Insights Standard Operating Procedures for DNA 

Extraction and qPCR: Evaluation of Line 5 Samples 

Appendix H: 2017 GEI Field Data Sheets  

Appendix I: 2017 GEI Line 5 Daily Field Activity Logs  

Appendix J: 2017 GEI Chain-of-Custody Forms

Appendix K: 2017 Phycotech Laboratory Analyses 

Appendix L: 2017 GEI Lab Statistical Analyses Tables for Biota Samples

Appendix M: 2017 Water Chemistry Measurements

Appendix N: 2017 Microbial Insights Biota, Water, and Sediment Census qPCR DNA 

Analysis Results and Lab Report  

Appendix O: ATS Line 5 Pipeline Byssal Thread Investigation Report of Findings 

REDACTED SUBMITTAL - PUBLIC COPY



���������	
������
���
�	���
���
��
	��������������������

Appendix A

�������	
�������������������


REDACTED SUBMITTAL - PUBLIC COPY



REDACTED SUBMITTAL - PUBLIC COPY



REDACTED SUBMITTAL - PUBLIC COPY



REDACTED SUBMITTAL - PUBLIC COPY



REDACTED SUBMITTAL - PUBLIC COPY



���������	
������
���
�	���
���
��
	��������������������

Appendix B

�������	
������
���
�	�� 	���!����"##��#$��

REDACTED SUBMITTAL - PUBLIC COPY



Biota Investigation Work Plan: Addendum A

The following amendments to procedures set forth in the Biota Investigation Work Plan (Work Plan)
were approved by the EPA via emails on August 11, August 15, August 16, and August 21, 2017.

Section 3.2 Coating Inspections

Revision to Work Plan: 

An Elcometer magnetic coating gauge will be used to measure the thickness of the coating. The 
effective range of the Elcometer magnetic coating thickness gauge is from 25mils (thousandths of 
an inch) to 250mils. Where the thickness of the coating is greater than 250mils, the reading at that 
point will be recorded as “greater than 250mils”. Where a reading of less than 25mils is obtained, 
the Polatrak Cathodic Protection (CP) tool will be used to determine whether a CP measurement is 
possible at this location. The Polatrak tool requires a direct metal-to-metal contact between the tip 
of the Polatrak tool and exterior wall of the pipe. If definitive CP readings are obtained the area will 
be considered a Holiday and the requirements in the Work Plan for a Holiday will be followed. If 
definitive CP readings are not obtained, the coating thickness at this point will be recorded as 
greater than 0 but less than 25mils.

Rationale for Change:

Due to potential difficulties using Ultrasonic Testing (UT) to determine coating thickness on 
bituminous coating underwater, the project team has identified an alternative means to measure the 
coating thickness.  An Elcometer magnetic coating gauge will be used to measure the thickness of 
the coating instead of UT as outlined in Revision 2 of the Work Plan. 

Section 3.5.2 Biota Measurements

Revision to Work Plan

To avoid potential bias, upon ROV arrival at a Biota sampling locations not pre-defined as an Area 
of Interest, the crew will generate a randomly- generated number (ranging from 1 - 100 feet). The 
ROV will then proceed into the current (or to the north) that given distance and the diver will be 
lowered to the ROV location to commence Biota measurements.

REDACTED SUBMITTAL - PUBLIC COPY



Rationale for Change:

The purpose of this change is to use the time required to travel the randomly-generated distance at 
the surface, rather than at depths where the diver has a limited amount of time to be submerged 
and complete the work.   

Section 3.5.3 Biota Sampling

Revision to Work Plan

In addition to placing the biota on ice after recovering the samples, ethanol will also be applied to 
the samples to comply with DNR permitting, which requires euthanization of invasive species such 
as quagga and/or zebra mussels.  

One of the paired samples will be considered a “Biota” sample, which will be submitted to the GEI 
ecological laboratory for analysis. The other sample from each pair is considered a “Bacterial” 
sample, in which the sample will be evaluated APB and SRB “test kits” manufactured by Biosan 
Laboratories for analysis “in the field.”  The remainder of the “Bacterial” sample will be submitted to 
the Microbial Insights laboratory for storage. Mussels will be removed from the sample prior to 
submission to Microbial Insights as biofilm/periphyton is the target substrate for storage, rather than 
mussels.  Ethanol will only be applied to the “Biota” sample and will not need to be applied to the 
“bacterial” samples.

Rationale for Change:

Addition of detail to the Work Plan due to DNR permit requirements.

Section 3.5.3.1 Biota Sampling at Areas of Interest

Revision to Work Plan

A total of seven (7) representative locations are selected for the Biota sampling at Areas of Interest 
– 3 on the East pipeline and 4 on the West pipeline. Paired sampling at the Area of Interest will 
occur. Following this, a number between10-30 will be randomly-selected. The diver will move up
current (or whichever direction is safest for the diver if the current is perpendicular to the pipelines) 
that many feet to arrive at the randomly-selected position and biota sampling (6-8 samples around 
the pipeline) will occur at this location. 

Rationale for Change:

The purpose of this change is to ensure that biota sampling is conducted at randomly-selected sites 
while minimizing the extent to which a diver is required to walk along the lake bed. Randomly-
selecting a number between10-30 is within the range a diver can safely walk without using up too 
much bottom time.
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Section 3.5.3.2 Biota Sampling at Any Holiday Found

Revision to Work Plan

Once the Remote Operated Vehicle identifies the Area of Interest at which various measurements
will be taken, the diver on first approaching the pipe will collect four biota samples as identified in 
Figure 9 of the BIWP.   If it is determined that there are no Holidays at the Area of Interest, the Biota 
samples that were collected will be properly disposed of per MDNR permit requirements. If, 
however, a Holiday is found at the Area of Interest the Biota samples taken from that location will be 
retained and analyzed as described in the Work Plan.

Rationale for Change:

This change is suggested as it is not possible to determine if any holidays might exist in the coating 
before the surface of the pipe is cleaned prior to undertaking the work described in the BIWP. If in 
the process of cleaning the pipe to take the various measurements as described Section 3.2 a 
Holiday is identified that would require the diver to then take such Biota samples. However in the 
process of cleaning the pipe as well as moving around the pipe silt and other materials are stirred 
up. By collecting Biota samples first it will minimize any extraneous silt or other materials being 
collected in these samples versus collecting the Biota samples after the pipe is cleaned.   

Figures 1, 2, and 3

Revision to Work Plan

The following table with the approximate (+/-50ft) Global Positioning System (GPS) locations of each 
Area of Interest and Additional Site will be used by the general contractor to successfully locate the 
previously identified Areas of Interest and Additional Sites.  The locations of Areas of Interest and 
Additional Sites shown on Figures 1, 2 and 3 of the Work Plan (Revision 2: May 18, 2017) are 
schematic representations only and not to be used for specifically locating the sites.

Actuals
Location

Description

Between E-74 & E-71 Area of Interest

Between E-77 & E-26 Area of Interest

Between E-24 & E-25 Area of Interest

E-30 Area of Interest

E-35 Area of Interest

Between E-33 & E-34B Area of Interest

E-39 Area of Interest

Near E-48 Area of Interest
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Actuals
Location

Description

Near E-70 Area of Interest

Between E-02 & E76 Area of Interest

E-01B-B Area of Interest

Between W-10 & W-11 Area of Interest

W-12A Area of Interest

Between W-15 & W-16 Area of Interest

W-35 Area of Interest

W-70 Area of Interest

W-68 Area of Interest

Between W-56 & W-54 Area of Interest

E-74 Additional Site

E-72 Additional Site

W-68A Additional Site

Rationale for Change:

Figures 1, 2 and 3 included in the test plan were provided to show the general locations for all Areas of 
Interest and Additional Sites.  After performing initial dives, it was determined that some of the marked 
locations in the figures of the Areas of Interest and Additional Sites did not fully correlate with the listed 
pipe spans.  The table with the approximate (+/-50ft) Global Positioning System (GPS) locations of 
each Area of Interest and Additional Site is being provided to supplement and correct Figures 1, 2 and 
3 of the Biota Investigation Work Plan (Revision 2: May 18, 2017).  The GPS coordinates listed will be 
used by the general contractor to successfully locate the previously identified Areas of Interest and 
Additional Sites.   

Figure 7

Revision to Work Plan

The lid and shape of the sample apparatus outlined in Figure 7 may be modified.

Rationale for Change:

To preserve the sample integrity during the sample collection activities.
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Biota Investigation Work Plan:  Addendum B

Background and Rationale for this Addendum
The bacteria testing using the BioSan equipment conducted in accordance with the BIWP (Section 4.2) 
included testing on non-biota sample “blanks” (e.g. tap water), some of which showed unexpected
levels of culturable bacteria.  These results bring into question the sensitivity of the full test result data 
set regarding bacteria levels.  As such, Enbridge, in consultation with external environmental experts,
wishes to conduct additional sampling and testing in order to obtain more reliable and useful test 
results. The scope of this additional work for the BIWP (Section 4.2) is described below:

Additional Sampling and Testing of Lake Water and Bottom Sediments, and Genetic 
Bacterial Enumeration of Previously Collected Samples
The collection of additional bacterial samples (lake water and bottom sediment) will help establish 
background levels of bacteria, and will provide additional context to the biota samples collected 
from the Line 5 dual pipelines. Water and bottom sediments will be collected in conjunction with on-
going barge operations. Integration logistics between barge operations and these additional 
sampling efforts are being developed with maintenance operations. As such, specific sampling 
locations and depths for water and sediment will be predicated by the barge work locations. Water 
and sediment samples will be collected at each site as described in the next section.
Additionally, genetic bacterial analysis (quantitative polymerase chain reaction – qPCR) will be 
performed on both the new samples as well as the preserved biota samples from the original BIWP.  
In contrast with the BioSan culturing technique that may inconsistently incubate different bacterial 
strains, qPCR allows a more refined discrimination of bacterial population as it existed in the native 
environment. This can more precisely enumerate bacterial strains.

Water Sampling 

Water samples will be collected at near surface (~ two feet of depth), approximate mid-depth, and 
near bottom for a total of three (3) water samples per location. Bottom water samples will be 
collected using a Niskin sampler (as with previous bottom water samples). All other water samples 
will be collected using a Van Dorn sampler. Samples will be shipped overnight to Microbial Insights 
for DNA extraction, qPCR testing and storage. 
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Bottom sediments sampling

Sediment samples will be collected from the lake bed. Samples will be collected in pairs, adjacent 
to each other, to provide replicate data. The sampling technique will be finalized based on feedback 
from Ballard Marine; it is expected that sediment sampling containers will be developed using PVC 
pipe or lexan-type tubing similar to systems used for sediment coring. Sediment would be sampled 
to a depth of approximately two inches. Sediment samples will be shipped overnight to Microbial 
Insights for DNA extraction, qPCR testing and storage. Greater sediment depth may need to be 
sampled pending confirmation on sediment volume requirements for all lab work. 

APB and SRB field testing

BioSan APB and SRB field test kits will be used on each water and sediment sample following 
BioSan test kit protocol. APB and SRB blanks will also be generated (in duplicate) daily at the rate 
of no less than one set of blanks per ten investigative water or sediment samples. Types of blanks 
will include, but not limited to, equipment blanks (Van Dorn and Niskin samplers, sediment sampling 
equipment, etc.), and water blanks (i.e., distilled). Decontamination procedures recommended by 
Microbial Insights are consistent with those employed during the initial sampling effort (i.e., wash 
with non-phosphate detergent followed by rinse with distilled water). Microbial Insights advised an 
ethanol rinse may be beneficial for additional decontamination (i.e., wash with non-phosphate 
detergent, rinse with distilled water, rinse with ethanol, rinse with distilled water).  This will be added 
to the decontamination process for equipment blanks. 

Field documentation

Efforts will be documented to the same level as that of biota sampling efforts. Field data sheets will 
be utilized for each sample site, all samples will be photographed with time-stamp, and a field 
notebook will be maintained to document all efforts. It is anticipated that a daily field log would be 
transmitted to Leggette, Brashears, and Graham, Inc. and Enbridge on a daily basis.

Results reporting 

Data generated through these efforts shall be evaluated and summarized.  Summaries will include, 
but not limited to, figures depicting sediment sampling and water sampling locations, and the
associated results from the APB/SRB test kits and qPCR testing. This information will be included 
in the BIWP report.
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® APB
Field Test Kit for Detecting Acid Producing Bacteria (APB)

INSTRUCTIONS 

1. Disinfect hands with an alcohol wipe before handling any of the test kit components.

2. Open one Agar Tube and place screw cap side up on a clean, dry surface.

3. Remove sterile Sample Applicator Swab from the envelope (do not touch the swab side).

4. Insert Sample Applicator Swab into the liquid sample for approximately 10 seconds. For solid samples, use
the Sample Applicator directly to swab the surface.

5. Transfer Sample Applicator into the Agar Tube by inserting it slowly into the agar to reach the bottom of the
tube.

6. Slowly and carefully remove Sample Applicator from the Agar Tube. Discard used Sample Applicator.

7. Replace screw cap on Agar Tube.

8. Incubate samples for 1-5 days at 30ºC.

9. Examine tubes daily for color change.

• Color change from red to yellow in the Agar Tube indicates acid production.  Note: any portion of the
Agar Tube turning yellow indicates acid production.

• Strong acid producers even at very low numbers can change the color overnight.

• Slow acid producers require longer time for color change development depending on the type and
number of acid producers present in the sample.

• Visually check Agar Tubes daily for color change from red to yellow.

• Use the evaluation chart provided below to estimate the amount of acid production due to the growth
of acid producing bacteria.

Appearance of Yellow

Day 1 – Day 2

Day 3 – Day 4

Day 5

Acid Production

Strong

Medium

Weak

Evaluation Chart for Acid Production  
due to the Growth of Acid Producing Bacteria

BIOSAN LABORATORIES, INC.
1950 Tobsal Court, Warren, MI 48091-1351
586-755-8970  •  800-253-6800
Fax 586-755-8978  •  Email lesley@biosan.com
Website http://www.Biosan.com

BIOSAN LABORATORIES, INC. offers technical service on matters relating to its 
products at no charge. Call toll free 800-253-6800 from within the U.S.A. and 
Canada or collect 586-755-8970 from outside the U.S.A.
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Test System for Counting Sulfate Reducing Bacteria

DESCRIPTION OF TEST

Anaerobic sulfate reducing bacteria are ubiquitous in the environment. They are found in secondary oil recover effluents, estuarine 
waters, deep wells, cooling waters, metalworking fluids, water-based hydraulic fluids, and petroleum based products that in some 
way become contaminated with water. The growth of sulfate reducing bacteria can be responsible for fouling, objectionable hydrogen 
sulfide odors, corrosion of metals, and pitting of concrete. It is essential that these organisms be monitored and controlled to 
prevent the damage caused by their metabolic activities.

The SANI-CHECK SRB test kit contains tubes of culture media that are specifically formulated to promote the growth of anaerobic 
sulfate reducing bacteria. The medium contains reducing agents that maintain a low oxidation reduction potential and thus allows 
for maximal growth. When the organisms grow in this medium, sulfate is reduced to sulfide and a black precipitate of iron sulfide 
is formed. The degree of blackening through the medium is directly proportional to the amount of sulfate reducer growth.

SANI-CHECK SRB is designed to be used in areas where little or no formal laboratory facilities are available. Each test kit contains 
the following materials for 25 tests: 25 SANI-CHECK SRB tubes, 25 identification labels, 25 applicators, one bottle mineral oil, one 
sample vial with cap, one alligator clip, and one instruction sheet.

Collection of Sample

Oily Sample
Microorganisms are unable to grow in the absence of water. In contaminated oil/water systems, the organisms will be found at the 
interface and in the water layer. Therefore, it is important that sampling be done from these locations. A sample vial is included with 
SANI-CHECK SRB. The vial should be filled with a freshly collected sample that has only a minimal oil layer on its surface. Excess oil 
can be skimmed from the surface of the sample with the enclosed dropper.

Water and Other Samples
No special sampling precautions are necessary. The sample may be tested using the provided vial or any other suitable container.

DIRECTIONS FOR USE

1. Open a SANI-CHECK SRB tube by peeling off the protective seal and removing the cap. Grip an applicator with the alligator clip 
and insert applicator into liquid sample. Immerse for approximately 5 seconds, withdraw, and drain excess fluid by running 
applicator along the inner lip of vial or other sample container. [Dry surfaces may be sampled by pre-wetting the applicator with 
tap water and swabbing a representative portion of the test area.]

2. Holding applicator with clip, insert into tube of agar, taking care to center it as much as possible. Push the applicator into the 
tube until it is about even with the surface of the agar.

3. Add 2-3 drops of mineral oil to the tube and cap the tube.

4. Incubate the tube at 30ºC or within 3ºC of the sample environment if the temperature is greater than 30ºC.

5. Observe the tube regularly for results and compare to the chart below.

  Sulfate Reducers/ml*

 Days of Incubation:   1     2     3     4     5  

TUBE APPEARANCE
completely black . . . . . . . .  � 106 106 - 105 105 - 104 104 - 103 103 - 102

narrow zone of black
around applicator center . .  106 - 105 105 - 104 104 - 103 103 - 102 102 - 101

no reaction . . . . . . . . . . .  <105 <104 <103 <102 <101

*Figures shown have been calculated by Biosan Laboratories using anaerobic plate counts and a pure culture of Desulfovibrio desulfuricans [ATCC #7757]

� greater than or equal to
< less than Interpretation of Quantitative Results

 Sulfate Reducers/ml Interpretation
 105 (100,000) or more/ml ................... Heavy
 103-104 (1,000-10,000)/ml ................... Moderate
 102-103 (100-1,000)/ml ................... Low
 101-102 (10-100)/ml ................... Very Low
 101 (10) or less/ml ................... Generally Insignificant

BIOSAN LABORATORIES, INC.
1950 Tobsal Court, Warren, MI 48091-1351
586-755-8970 • 800-253-6800
Fax 586-755-8978 • Email info@biosan.com
Website http://www.Biosan.com

BIOSAN LABORATORIES, INC. offers technical service on matters relating to its 
products at no charge. Call toll free 800-253-6800 from within the U.S.A. and 
Canada or collect 586-755-8970 from outside the U.S.A.
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1.0 Introduction

GEI Consultants Inc. (GEI), Denver, Colorado, performs a wide variety of macrobiotic 

analyses for client samples. The ecological laboratory’s scope of work (Section 4.1 Biota 

Investigation Work Plan, Revision 2: May 18, 2017, Enbridge 2017) entailed 

qualitatively evaluating each sample received and separating the larger biota (e.g. 

mussels) from smaller biota (e.g. benthic macroinvertebrate, periphyton and planktonic 

algae/zooplankton). Qualitative wet weights of the entire sample mass and its 

components along with quantitative dry weights of the mussel, benthic 

macroinvertebrate, and periphyton components were obtained. Following the separation 

of the biota components, each sample contained inorganic material (e.g. sand/grit) and 

some samples contain material of interest (MOI). Therefore, two additional categories

were created to account for these remaining dry weight components. 

Notably, the Biota Investigation Work Plan identified “macrophytes” as a biological 

component to identify and process; however, the term “periphyton” has been substituted 

herein because it more appropriately described the plant matter contained in the samples. 

The term macrophyte is primarily used for visual field assessments when the entire plant 

structure can be evaluated. While some algae, such as charophytes or cladophora spp. 

may be characterized as macrophytes (i.e., large plants), the biota samples required 

microscopic analysis to separate plant fragments to identify cell structure. Thus, the term 

periphyton (i.e., algae attached to substrate) more appropriately described the samples 

processed.

Each mussel encountered was identified and enumerated. All mussels were measured for 

length, width, and height of the base and sorted by size class. Benthic macroinvertebrate,

periphyton and planktonic algae/zooplankton were identified to the lowest practical level.

Because the microscopic planktonic algae/zooplankton required a greater level of 

taxonomic capabilities, a subset of samples were sent to PhycoTech, St. Joseph, 

Michigan, to identify and determine presence/absence of planktonic algae/zooplankton. 
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2.0 Sample Receiving 

Benthic samples (46.57 cm2 area) are collected from selected areas of interest and each 

sample is filtered through Nitex mesh (290μm) and carefully enclosed with a zip-tie to 

contain the benthic sample. Each sample is placed in a Ziploc bag and preserved with 

approximately 150 mL of 70% ethanol to euthanize all mussels and to preserve the 

sample. Samples are shipped to GEI’s laboratory in Denver, CO for analysis. Upon 

receipt of samples, a laboratory technician ensures the data recorded on the Chain of 

Custody form (COC) matches the data recorded on the samples received, then signs and 

dates the COC and stores it in the project folder. A copy of the sampling permit and 

authorization letter to receive dead invasive mussels, which is sent with each sample set,

is stamped with the date of sample receipt and placed in the project folder. 

The technician assigns each sample a unique GEI sample identification (ID) number and 

records each sample on an internal laboratory log in sheet. The unique ID number is 

comprised of the first two letters of the project name, month and year sample arrived in 

the laboratory, and the sample number (e.g., EN817-2 indicating the second sample 

received in August of 2017). Record the sample log number on the sample bag and any 

other components of the sample (i.e., benthic macroinvertebrate, periphyton and 

planktonic algae/zooplankton, or inorganic fraction). After sample analysis, each 

component is stored in a separate vial or Ziploc bag, depending on the size of the 

component. Each label contains the samples’ site information, the GEI log number, the 

sample date, and the dry weight of the material. The label is placed on the vial or Ziploc 

bag in a prominent location. 

Example of label:

Enbridge- Periphyton

Sample ID: EPZASW12

GEI Log #: EN817-2 

Sample Date: 8/15/2017 

Dry weight (g): 0.0046
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3.0 Sample Analysis

Laboratory Equipment and Electronic Benchsheet

To obtain the wet and dry weights of each component, the same enclosed scale is 

calibrated daily and used throughout the duration of the project. A clean, dry, tared glass 

jar with a lid is used to minimize balance drift due to the evaporation of alcohol. To 

account for any measurement bias that the glass jar may introduce, the same process is 

used for all dry weight analyses. After sample receiving (see Section 2.0), analyze the 

samples in the order received. 

Values are reported to the 4th decimal place (highest precision allowed by the balance) 

and recorded in an electronic benchsheet using MS Excel. The benchsheet contains the 

following: Sample Information, Wet/Dry Weight, Mussel Identification, Macro & Peri

Identification, Planktonic Identification, and Mussel QA tabs.

Initial Weight of Sample

The sample consists of a Ziploc bag, containing a 290μm mesh bag that encapsulates the 

benthic sample. A zip tie encloses the mesh into a bag. Notably, the first ten samples 

received were processed using 64μm mesh, which was used in lieu of the 290μm mesh 

due to material shipping delays. Place the mesh bag containing the sample over a bucket 

to allow excess alcohol to drain from the sample bag for 5 minutes. Store the original 

Ziploc bag with the remaining preservative for future analysis of microscopic biota, and

dispose of the excess alcohol that dripped from the mesh bag according to standard 

laboratory procedures. Remove the zip tie and place the mesh bag in a tared, clean, dry 

glass jar with a lid and record the initial wet weight of the entire sample in the electronic 

benchsheet.  

 Sample Sorting 

Sample analysis occurs in a clean, dry, tray large enough to contain the entire sample. 

Remove the mussels and fragments from the mesh bag and place them into separate sorting

dishes. Separate any benthic macroinvertebrates, periphyton, or inorganic materials from 

the sample and place the sample fraction into a separate sorting dish for each component. 

Macroinvertebrate, Periphyton, Inorganic Materials Wet 
Weights

Using labeled 2 dram, tared vials, perform separate wet weight measurements on the 

subcomponents – benthic macroinvertebrates, periphyton, or inorganic materials – found 

in a sample. Record the sample component wet weight in the electronic bench sheet.
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Label each vial, as described above, and preserve the subcomponent with 70% alcohol 

until identification is performed.

Total Mussel Wet Weight

Using a clean, tared glass jar with a lid, record the wet weight for each mussel size class 

and the fragments in the electronic benchsheet. Weigh the mesh and any inorganic material 

left in the sample and record the wet weight in the electronic benchsheet. Return the mesh 

and inorganic material into the original Ziploc bag for microscopic analyses.

Mussel Identification

In addition to utilizing a qualified technician to process the samples, use the literature in 

Section 7.2 to aid in the species identification of each mussel [Quagga mussels 

(���������	�����������	
�������), and Zebra mussels (���������	����������)]. 

Mussel Wet Weights by Size Class

Measure each mussel using a digital caliper, or if too small, using a grid with 1mm 

divisions. Record measurements for length, width, and height of the base for each mussel,

along with mussel ID (either Quagga mussel or Zebra mussel). Consider any mussels less 

than 6mm in length as juveniles and record identification at genus level. Juvenile mussels 

cannot reliably be identified to species; therefore, the juvenile weights are recorded as

quagga mussel juveniles (i.e., small size class) because this is the dominant taxa observed 

in all samples. Place the mussel in the appropriate size class tray.

The three size classes established by Miller & Lei (1993) were used to categorize each 

specimen: mussels over 10 millimeter (mm) in length were categorized as ‘large size 

class’, between 5-10mm in length were categorized as a ‘medium size class’, and less 

than 5mm in length were categorized as ‘small size class’. Weigh the Zebra mussels 

separate from the Quagga mussels. 

Use a tared, dry, glass jar with lid to obtain wet weights for the individual size classes for 

each sample. Record the wet weights of each size class in the electronic benchsheet. 

Mussel Dry Weights by Size Class

Each size class is placed in a baking tray for approximately 2 hours at 110°C or until a 

constant weight is reached (APHA, 1981, Mackie & Claudi, 2009). Small and medium 

size classes require less drying time due to the size of the specimens, while the large size 

class may require additional time. Check the drying oven frequently to ensure that each 

sample is drying properly. 
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Measure the dry weight for each size class using a lidded glass jar and record the weights 

in the electronic benchsheet. Store the dried mussels for each sample size class in a 

separate Ziploc bag and label accordingly (See section 2.0). 

Macroinvertebrate and Periphyton Identification

Retrieve the benthic macroinvertebrate and periphyton vials that were processed in 

Section 3.4 and identify each taxon to the lowest practicable level using a binocular 

dissecting microscope set at 40X. See sections 7.1 and 7.3 for source materials for the 

identification process. 

Macroinvertebrate, Periphyton, Inorganic Material Dry 
Weights

The drying process will destroy the sample in terms of being able to identify the biota 

subcomponent, so confirm that the benthic macroinvertebrates have been identified. Place 

the organisms in an aluminum dish and dry at 103°C or until the weight remains 

consistent (Weber, 1983). Record the dry weight in the electronic benchsheet.

Confirm that the periphyton have been identified, then dry the periphyton at 105°C for 

1-2 hours or until the weight remains consistent (Sullivan, 2013). Notably, the periphyton 

biomass consists primarily of filamentous green algae, and once the filaments are teased 

apart, negligible amounts of mussel fragments, macroinvertebrates, and inorganic 

material remain in the periphyton subcomponent. The periphyton dry weight includes 

these negligible amounts of other components, and the components are excluded from 

their appropriate category for ID and weight. Record the dry weight in the electronic 

benchsheet.

Allow the inorganic material to air dry for 2 days or until the weight remains consistent. 

Record the dry weight in the electronic benchsheet.

Store the dried specimens and inorganic material in air-tight, labeled vials with no 

preservative added.

Planktonic Algae and Zooplankton Analysis

To prepare the samples selected for microscopic planktonic algae/zooplankton analysis,

filter the remaining liquids from the original Ziploc bag containing the mesh and any 

preservative (See Section 3.2) through a Nitex mesh (64μm) using a vacuum pump set a 

low pressure (<10 PSI). Clean the mesh with 70% ethanol to collect any remaining debris 

on the mesh. Place the Nitex mesh in a beaker and rinse with 70% ethanol until clean. Let 

the sample settle in the beaker for 2+ hours. Using a 1mL plastic pipet, collect a 5mL 

aliquot from the settled materials at the bottom of the beaker and place into a labeled vial. 
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Complete a COC and send the vials in a well-packaged box to the subcontractor, 

PhycoTech, for planktonic algae and zooplankton analysis.  

PhycoTech, will identify as many taxon, to the lowest practicable level, in 15 minutes of 

visual scope time per sample to provide presence/absence data for planktonic algae and 

zooplankton observed in each sample. 

Inorganic Material and Mesh Analysis

Retrieve the original sample bag from Section 3.2. Carefully, pour the contents from the 

bag through the mesh. Discard the liquid portion. Allow the mesh and any inorganic 

material to air dry in a tray for 2 days or until a consistent weight is achieved.

Using a tared, clean jar, record the dry weight of the combined mesh and inorganic 

material. Scrape or brush the inorganic material off the mesh and collect in a weigh boat. 

Record the dry weights of both the inorganic material and the cleaned mesh in the 

electronic benchsheet.
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4.0 Quality Assurance Analysis

Dry Weight QA

Randomly select 10% of the samples analyzed. The QA analyst will replicate the dry 

weight measurements on the mussel components using a lidded, tared glass jar for all 

mussel groups. Notably, the dry weights for the benthic macroinvertebrate and 

periphyton samples are very small and remeasuring the samples for QA analysis was not 

practicable. Record the QA data separate from the original data to ensure data integrity. 

Calculate the percent similarity, accept a percent similarity of 90% or higher.

Sample QA

A certified benthic macroinvertebrate taxonomist will monitor the technician from sample 

set up through the sample analysis to ensure sample integrity throughout the process. The 

sample QA is performed on 10% of the samples analyzed. The QA analyst will monitor 

and verify all weights, sizes, for these samples and ensure that the samples are correctly 

labeled.  

Mussel Identification QA

Using the same samples from Section 4.1, the taxonomist will re-identify the Dreissenid 

mussels to ensure proper identification using the references in Section 7.2.

Macroinvertebrate and Periphyton QA 

An experienced aquatic biologist will identify macroinvertebrates to the lowest 

practicable taxonomic level, and eight randomly selected samples will be re-identified by

a certified benthic macroinvertebrate taxonomist to ensure data quality. 

An experienced aquatic biologist will identify periphyton to the lowest practicable 

taxonomic level and confirm the characteristics with available online resources for taxa 

observed in Lake Michigan. 

Data QA

Establish whether there are any discrepancies between the information on the COC, the 

information in the GEI log-in sheets, and the electronic benchsheet to ensure all 

information is recorded accurately. 

The electronic benchsheet is divided into multiple tabs. The “Sample Information” tab 

that provides metadata on each sample as collected in the field and contains the 
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GEI Log # used to track the sample through the laboratory. The “Wet-Dry Weights” tab 

is evaluated to ensure all weights were correctly recorded (i.e. none of the values are 

inappropriately higher than would be expected for a parameter). Weight data are also 

evaluated to ensure the percent difference between the mussels before and after the 

organisms were cleaned of excess byssal threads and other materials are less than 20% 

for all samples. The change in wet weight to dry weight was also evaluated to ensure the 

change was within 45-65% for all samples. All other data in the “Weights” tab are QA’d 

to ensure correct reporting.  

The “Mussel Identification” tab was reviewed to ensure class sizes were recorded 

appropriately and to ensure consistency throughout the data set. The “Macro & Peri 

Identification” tab was reviewed to ensure information was accurately recorded.
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5.0 Data Reporting

Preparation of the benchsheet entails: Performing a final data QA of the data to ensure 

accurate and complete data, and reporting all weights to three decimal places instead of 

four to account for balance accuracy. After the data for macroinvertebrates, periphyton, 

and planktonic algae/zooplankton receives a final QA the entire data spreadsheet is sent to 

the Project Manager.

REDACTED SUBMITTAL - PUBLIC COPY



6.0 Sample Storage

Combine all components of the sample in a large, labeled Ziploc bag. The Ziploc bag will 

include: the bags of dried mussels segregated by size class, a bag containing the dried mesh 

and any inorganic material, and vials containing benthic macroinvertebrate, periphyton, 

inorganic material, or material of interest. Store the samples in a dry, cool place until 

requested from the client.
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7.0 Literature Used for Identification/ Dry Weight

Benthic Macroinvertebrates

Andersen , T., Saether, O., Cranston, P., & Epler, J. (2013). '��	������	��	-�������������	
�������3	,�����������$	��	���	4��������	#�����!	1���	���	��������� (Vol. 66). 

Insect Systematics and Evolution. 

Rogers, D. C. (2005). 5�������������	&�����	��	���	*���������	,��������	��	���	6������	
7�����	"�����	���	(�8�����	(����	)����������	������	��������������� Moscow: 

EcoAnalysts, Inc.

Weber, C. (1983). ����������	*����	���	9�
�������	&������	���	&��������	���	:������	
��	"������	6�����	���	)��������� EPA-670/4-73-001, U.S. Environmental 

Protection Agency, Analytical Quality Control Laboratory, National 

Environmental Research Center. Retrieved September 2017, from 

https://www.epa.gov/sites/production/files/2015-01/documents/biological-

methods-manual-1973.pdf 

Dreissenid Mussels

APHA. (1981). "�������	&������	���	���	);����������	��	6����	���	6��������� (15th 

Edition ed.). Washington, DC: American Public Health Assoiciation. 

Mackie, G., & Claudi, R. (2009). &���������	���	,������	��	&�����������	&�����0�	��	
*����	6����	"������ (2nd ed.). CRC Press. 

Peyer, S. M., Hermanson, J. C., & Lee, E. C. (2011). Effects of Shell Morphology on 

Mechanics of Zebra and Quagga Mussel. <������	��	);����������	�������(214), 

2226-2236. doi:10.1242/jeb.053348 

U.S. Geological Survey. (2017). ��������	����������	%������	.==.$. Retrieved 

September 26, 2017, from 

https://nas.er.usgs.gov/queries/FactSheet.aspx?speciesID=5

>�
��	&�����	5�������������	"�����. (n.d.). Retrieved September 29, 2017, from 

https://el.erdc.dren.mil/ansrp/ANSIS/mergedProjects/ZMIS/html/using_the_intera

ctive_identification_systems.htm

Periphyton

?����	9�0��	6����	9���	%����	?������. (2017). Retrieved from National Oceanic and 

Atmospheric Administration, Great Lakes Environmental Reserach Laboratory: 

https://www.glerl.noaa.gov/seagrant/GLWL/GLWLife.html 

Sullivan, A., Rounds, S., Asbill-Case, J., & Deas, M. (2013). &���������	���	�4	
���������	7������	��	���	1������	#����	6����!:������	&����	7�������	��	1���	
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����	-������ U.S. Geolgoical Survey Scientific Investigation Report 2013-5016. 

Retrieved from https://pubs.usgs.gov/sir/2013/5016/pdf/sir20135016.pdf 

Wehr, J., Sheath, R., & Kociolek, P. (Eds.). (2015). *���������	(����	��	+����	(������
(2nd ed.). Academic Press. doi:10.2216/55-03.1 
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Mussel Identification

Project Name Site Name GEI Log #
Identification Zebra, Adult, 

Quagga Adult, Juveniles, 
Fragment

Length 
(mm)

Width (mm) 
Widest part of 

shell

Width of 
base (mm)

Size Class (Quagga Only)   
>10 mm Large,            

5-10 mm Medium,         
<5 mm Small              

Enbridge EPZASW12 EN817-2 Adult, Quagga 30 14 10 Large
Enbridge EPZASW12 EN817-2 Adult, Quagga 30 15 10 Large
Enbridge EPZASW12 EN817-2 Adult, Quagga 23 12 10 Large
Enbridge EPZASW12 EN817-2 Adult, Quagga 30 13 10 Large
Enbridge EPZASW12 EN817-2 Adult, Quagga 24 14 9 Large
Enbridge EPZASW12 EN817-2 Adult, Quagga 29 14 10 Large
Enbridge EPZASW12 EN817-2 Adult, Quagga 26 13 11 Large
Enbridge EPZASW12 EN817-2 Adult, Quagga 24 14 10 Large
Enbridge EPZASW12 EN817-2 Adult, Quagga 28 14 10 Large
Enbridge EPZASW12 EN817-2 Adult, Quagga 22 14 9 Large
Enbridge EPZASW12 EN817-2 Adult, Quagga 21 12 10 Large
Enbridge EPZASW12 EN817-2 Adult, Quagga 25 14 10 Large
Enbridge EPZASW12 EN817-2 Adult, Quagga 24 14 10 Large
Enbridge EPZASW12 EN817-2 Adult, Quagga 24 16 10 Large
Enbridge EPZASW12 EN817-2 Adult, Quagga 28 15 10 Large
Enbridge EPZASW12 EN817-2 Adult, Quagga 30 16 12 Large
Enbridge EPZASW12 EN817-2 Adult, Quagga 30 14 11 Large
Enbridge EPZASW12 EN817-2 Adult, Quagga 20 13 10 Large
Enbridge EPZASW12 EN817-2 Adult, Quagga 11 13 9 Large
Enbridge EPZASW12 EN817-2 Adult, Quagga 18 11 5 Large
Enbridge EPZASW12 EN817-2 Adult, Quagga 14 10 6 Large
Enbridge EPZASW12 EN817-2 Adult, Quagga 11 6 4 Large
Enbridge EPZASW12 EN817-2 Adult, Quagga 9 5 4 Medium
Enbridge EPZASW12 EN817-2 Adult, Quagga 8 4 3 Medium
Enbridge EPZASW12 EN817-2 Adult, Quagga 7 5 2 Medium
Enbridge EPZASW12 EN817-2 Juvenile 6 3 2 Medium
Enbridge EPZASW12 EN817-2 Juvenile 3 2 1 Small
Enbridge EPZASW12 EN817-2 Juvenile 2 1 1 Small
Enbridge EPZBST05 EN817-3 Juvenile 5 3 1 Medium
Enbridge EPZBST05 EN817-3 Juvenile 6 4 2 Medium
Enbridge EPZBST05 EN817-3 Juvenile 6 4 1 Medium
Enbridge EPZBST05 EN817-3 Juvenile 6 4 1 Medium
Enbridge EPZBST05 EN817-3 Adult, Quagga 7 4 2 Medium
Enbridge EPZBST05 EN817-3 Juvenile 5 3 2 Medium
Enbridge EPZBST05 EN817-3 Adult, Quagga 29 17 10 Large
Enbridge EPZBST05 EN817-3 Adult, Quagga 23 13 10 Large
Enbridge EPZBST05 EN817-3 Adult, Quagga 24 13 9 Large
Enbridge EPZBST05 EN817-3 Adult, Quagga 23 12 7 Large
Enbridge EPZBST05 EN817-3 Adult, Quagga 23 12 8 Large
Enbridge EPZBST05 EN817-3 Adult, Quagga 17 12 8 Large
Enbridge EPZBST05 EN817-3 Adult, Quagga 22 14 10 Large
Enbridge EPZBST05 EN817-3 Adult, Quagga 28 16 10 Large
Enbridge EPZBST05 EN817-3 Adult, Quagga 25 15 10 Large
Enbridge EPZBST05 EN817-3 Adult, Quagga 25 13 9 Large
Enbridge EPZBST05 EN817-3 Adult, Quagga 23 12 7 Large
Enbridge EPZBST05 EN817-3 Adult, Quagga 23 13 8 Large
Enbridge EPZBST05 EN817-3 Adult, Quagga 23 13 8 Large
Enbridge EPZBST05 EN817-3 Adult, Quagga 25 13 9 Large
Enbridge EPZBST05 EN817-3 Adult, Quagga 25 15 8 Large
Enbridge EPZBST05 EN817-3 Adult, Quagga 26 14 8 Large
Enbridge EPZBST05 EN817-3 Adult, Quagga 27 16 10 Large
Enbridge EPZBST05 EN817-3 Adult, Quagga 23 13 10 Large
Enbridge EPZBST05 EN817-3 Adult, Quagga 22 13 8 Large
Enbridge EPZBST05 EN817-3 Adult, Quagga 21 11 8 Large
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Project Name Site Name GEI Log #
Identification Zebra, Adult, 

Quagga Adult, Juveniles, 
Fragment

Length 
(mm)

Width (mm) 
Widest part of 

shell

Width of 
base (mm)

Size Class (Quagga Only)   
>10 mm Large,            

5-10 mm Medium,         
<5 mm Small              

Enbridge EPZBST05 EN817-3 Adult, Quagga 21 11 6 Large
Enbridge EPZBST05 EN817-3 Adult, Quagga 22 12 7 Large
Enbridge EPZBST05 EN817-3 Adult, Quagga 21 13 8 Large
Enbridge EPZBST05 EN817-3 Adult, Quagga 17 9 7 Large
Enbridge EPZBST05 EN817-3 Adult, Quagga 12 6 4 Large
Enbridge EPZBST05 EN817-3 Adult, Quagga 15 9 7 Large
Enbridge EPZBST05 EN817-3 Adult, Quagga 18 13 7 Large
Enbridge EPZBSE08 EN817-4 Juvenile 6 4 2 Medium
Enbridge EPZBSE08 EN817-4 Adult, Quagga 7 4 2 Medium
Enbridge EPZBSE08 EN817-4 Juvenile 5 3 2 Medium
Enbridge EPZBSE08 EN817-4 Adult, Quagga 7 5 3 Medium
Enbridge EPZBSE08 EN817-4 Juvenile 4 4 1 Small
Enbridge EPZBSE08 EN817-4 Juvenile 5 3 2 Medium
Enbridge EPZBSE08 EN817-4 Juvenile 3 2 1 Small
Enbridge EPZBSE08 EN817-4 Juvenile 4 2 1 Small
Enbridge EPZBSE08 EN817-4 Juvenile 5 3 1 Medium
Enbridge EPZBSE08 EN817-4 Juvenile 6 3 2 Medium
Enbridge EPZBSE08 EN817-4 Juvenile 4 3 2 Small
Enbridge EPZBSE08 EN817-4 Adult, Quagga 26 16 10 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 27 15 10 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 25 14 10 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 25 15 10 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 20 11 8 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 25 15 8 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 26 15 9 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 26 16 10 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 26 15 10 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 28 15 10 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 22 13 8 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 28 16 12 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 26 15 9 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 26 15 9 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 32 16 11 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 28 15 11 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 28 16 11 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 27 16 9 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 22 13 9 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 30 16 10 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 26 15 9 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 27 17 9 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 25 13 9 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 26 14 8 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 26 14 9 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 24 14 8 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 25 16 10 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 29 16 9 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 24 14 7 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 23 13 10 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 25 15 9 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 26 15 9 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 22 13 7 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 24 13 8 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 26 15 12 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 24 15 7 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 25 14 9 Large
Enbridge EPZBSE08 EN817-4 Adult, Quagga 18 11 6 Large
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Project Name Site Name GEI Log #
Identification Zebra, Adult, 

Quagga Adult, Juveniles, 
Fragment

Length 
(mm)

Width (mm) 
Widest part of 

shell

Width of 
base (mm)

Size Class (Quagga Only)   
>10 mm Large,            

5-10 mm Medium,         
<5 mm Small              

Enbridge EPZBSB04 EN817-5 Adult, Quagga 27 16 11 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 21 11 7 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 25 12 8 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 23 13 8 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 21 12 8 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 21 13 9 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 21 13 8 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 25 13 9 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 20 12 7 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 26 16 9 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 29 15 11 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 24 14 8 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 19 13 5 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 22 12 7 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 23 11 7 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 21 12 7 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 22 12 8 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 22 14 8 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 22 12 7 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 19 12 6 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 27 16 8 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 23 13 9 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 20 11 8 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 20 12 8 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 24 13 9 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 27 16 9 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 17 9 7 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 22 12 9 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 20 12 6 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 23 13 8 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 24 15 8 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 22 12 8 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 19 11 6 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 18 9 7 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 19 10 5 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 19 10 7 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 17 11 7 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 20 12 6 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 15 9.5 5 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 16 8 5 Large
Enbridge EPZBSB04 EN817-5 Adult, Quagga 24 14 6 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 28 16 11 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 23 14 9 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 23 14 9 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 25 14 10 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 27 15 12 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 26 15 10 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 26 16 12 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 26 15 9 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 26 16 11 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 26 14 10 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 23 13 9 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 27 15 11 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 22 13 10 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 28 19 11 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 29 17 12 Large
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Project Name Site Name GEI Log #
Identification Zebra, Adult, 

Quagga Adult, Juveniles, 
Fragment

Length 
(mm)

Width (mm) 
Widest part of 

shell

Width of 
base (mm)

Size Class (Quagga Only)   
>10 mm Large,            

5-10 mm Medium,         
<5 mm Small              

Enbridge EPZBSW02 EN817-6 Adult, Quagga 24 16 11 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 26 16 11 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 25 13 9 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 29 16 13 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 28 15 9 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 28 15 10 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 25 13 10 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 32 18 11 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 25 15 10 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 25 15 9 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 24 15 11 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 26 14 10 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 26 17 9 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 24 13 9 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 26 15 8 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 25 15 10 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 26 16 11 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 21 13 8 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 25 15 9 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 22 13 9 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 24 12 9 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 20 12 8 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 24 13 9 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 22 13 9 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 18 11 7 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 20 11 8 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 21 12 9 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 21 13 10 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 22 12 9 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 21 12 8 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 23 13 7 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 26 16 8 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 25 14 9 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 20 11 7 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 13 8 5 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 13 8 4 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 15 10 5 Large
Enbridge EPZBSW02 EN817-6 Adult, Quagga 10 5 3 Medium
Enbridge EPZBSW02 EN817-6 Adult, Quagga 7 4 2 Medium
Enbridge EPZBSW02 EN817-6 Adult, Quagga 7 5 2 Medium
Enbridge EPZBSW02 EN817-6 Adult, Quagga 8 5 3 Medium
Enbridge EPZBSW02 EN817-6 Juvenile 4 3 1 Small
Enbridge EPZBSW02 EN817-6 Juvenile 4 2 1 Small
Enbridge EPZBSW02 EN817-6 Adult, Quagga 7 5 2 Medium
Enbridge EPZBSW02 EN817-6 Adult, Quagga 7 4 2 Medium
Enbridge EPZBSW02 EN817-6 Juvenile 6 4 2 Medium
Enbridge EPZBSW02 EN817-6 Juvenile 4 3 2 Small
Enbridge EPZBSW02 EN817-6 Juvenile 6 3 1 Medium
Enbridge EPZBSW02 EN817-6 Juvenile 4 3 1 Small
Enbridge EPZBSW02 EN817-6 Juvenile 4 2 1 Small
Enbridge EPZCST08 EN817-7 Adult, Quagga 26 14 10 Large
Enbridge EPZCST08 EN817-7 Adult, Quagga 33 17 13 Large
Enbridge EPZCST08 EN817-7 Adult, Quagga 26 16 10 Large
Enbridge EPZCST08 EN817-7 Adult, Quagga 31 17 11 Large
Enbridge EPZCST08 EN817-7 Adult, Quagga 30 17 12 Large
Enbridge EPZCST08 EN817-7 Adult, Quagga 28 14 9 Large
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Project Name Site Name GEI Log #
Identification Zebra, Adult, 

Quagga Adult, Juveniles, 
Fragment

Length 
(mm)

Width (mm) 
Widest part of 

shell

Width of 
base (mm)

Size Class (Quagga Only)   
>10 mm Large,            

5-10 mm Medium,         
<5 mm Small              

Enbridge EPZCST08 EN817-7 Adult, Quagga 30 17 12 Large
Enbridge EPZCST08 EN817-7 Adult, Quagga 28 16 10 Large
Enbridge EPZCST08 EN817-7 Adult, Quagga 30 18 10 Large
Enbridge EPZCST08 EN817-7 Adult, Quagga 28 17 9 Large
Enbridge EPZCST08 EN817-7 Adult, Quagga 25 14 9 Large
Enbridge EPZCST08 EN817-7 Adult, Quagga 25 13 10 Large
Enbridge EPZCST08 EN817-7 Adult, Quagga 26 15 10 Large
Enbridge EPZCST08 EN817-7 Adult, Quagga 26 16 10 Large
Enbridge EPZCST08 EN817-7 Adult, Quagga 25 14 7 Large
Enbridge EPZCST08 EN817-7 Adult, Quagga 25 14 10 Large
Enbridge EPZCST08 EN817-7 Adult, Quagga 22 14 9 Large
Enbridge EPZCST08 EN817-7 Adult, Quagga 24 14 10 Large
Enbridge EPZCST08 EN817-7 Adult, Quagga 25 16 11 Large
Enbridge EPZCST08 EN817-7 Adult, Quagga 20 11 7 Large
Enbridge EPZCST08 EN817-7 Adult, Quagga 26 15 7 Large
Enbridge EPZCST08 EN817-7 Adult, Quagga 22 13 8 Large
Enbridge EPZCST08 EN817-7 Adult, Quagga 23 13 8 Large
Enbridge EPZCST08 EN817-7 Adult, Quagga 14 7 5 Large
Enbridge EPZCST08 EN817-7 Adult, Quagga 20 12 5 Large
Enbridge EPZCST08 EN817-7 Adult, Quagga 12 7 4 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 32 19 14 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 24 14 9 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 28 16 13 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 27 15 10 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 30 16 10 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 27 16 12 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 26 15 7 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 28 16 14 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 30 18 10 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 28 17 11 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 32 18 13 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 18 10 8 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 26 15 8 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 24 14 9 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 29 17 10 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 27 16 13 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 28 15 9 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 30 16 13 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 29 19 11 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 28 17 10 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 29 16 12 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 24 14 10 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 22 12 8 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 18 11 6 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 28 15 9 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 17 10 7 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 19 11 6 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 25 15 10 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 27 17 11 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 22 12 9 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 23 14 7 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 21 11 7 Large
Enbridge EPZCSE03 EN817-8 Adult, Quagga 7 4 2 Medium
Enbridge EPZCSE03 EN817-8 Juvenile 6 4 2 Medium
Enbridge EPZCSE03 EN817-8 Juvenile 5 3 2 Medium
Enbridge EPZCSE03 EN817-8 Juvenile 6 3 2 Medium
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Project Name Site Name GEI Log #
Identification Zebra, Adult, 

Quagga Adult, Juveniles, 
Fragment

Length 
(mm)

Width (mm) 
Widest part of 

shell

Width of 
base (mm)

Size Class (Quagga Only)   
>10 mm Large,            

5-10 mm Medium,         
<5 mm Small              

Enbridge EPZCSE03 EN817-8 Juvenile 4 2 1 Small
Enbridge EPZCSB10 EN817-9 Juvenile 4 2 1 Small
Enbridge EPZCSB10 EN817-9 Juvenile 6 3 2 Medium
Enbridge EPZCSB10 EN817-9 Juvenile 5 3 1 Medium
Enbridge EPZCSW05 EN817-10 Adult, Quagga 26 15 9 Large
Enbridge EPZCSW05 EN817-10 Adult, Quagga 27 17 10 Large
Enbridge EPZCSW05 EN817-10 Adult, Quagga 29 17 9 Large
Enbridge EPZCSW05 EN817-10 Adult, Quagga 28 18 12 Large
Enbridge EPZCSW05 EN817-10 Adult, Quagga 25 15 12 Large
Enbridge EPZCSW05 EN817-10 Adult, Quagga 27 15 10 Large
Enbridge EPZCSW05 EN817-10 Adult, Quagga 27 15 9 Large
Enbridge EPZCSW05 EN817-10 Adult, Quagga 26 15 8 Large
Enbridge EPZCSW05 EN817-10 Adult, Quagga 25 14 8 Large
Enbridge EPZCSW05 EN817-10 Adult, Quagga 24 14 7 Large
Enbridge EPZCSW05 EN817-10 Adult, Quagga 30 17 11 Large
Enbridge EPZCSW05 EN817-10 Adult, Quagga 24 13 10 Large
Enbridge EPZCSW05 EN817-10 Adult, Quagga 28 16 11 Large
Enbridge EPZCSW05 EN817-10 Adult, Quagga 26 16 13 Large
Enbridge EPZCSW05 EN817-10 Adult, Quagga 27 15 11 Large
Enbridge EPZCSW05 EN817-10 Adult, Quagga 24 15 9 Large
Enbridge EPZCSW05 EN817-10 Adult, Quagga 26 14 9 Large
Enbridge EPZCSW05 EN817-10 Adult, Quagga 23 13 9 Large
Enbridge EPZCSW05 EN817-10 Adult, Quagga 22 11 8 Large
Enbridge EPZCSW05 EN817-10 Adult, Quagga 23 14 10 Large
Enbridge EPZCSW05 EN817-10 Adult, Quagga 24 15 9 Large
Enbridge EPZCSW05 EN817-10 Adult, Quagga 21 12 8 Large
Enbridge EPZCSW05 EN817-10 Adult, Quagga 19 12 8 Large
Enbridge EPZANW08 EN817-11 Adult, Quagga 26 14 10 Large
Enbridge EPZANW08 EN817-11 Adult, Quagga 22 14 8 Large
Enbridge EPZANW08 EN817-11 Adult, Quagga 22 12 9 Large
Enbridge EPZANW08 EN817-11 Adult, Quagga 24 14 10 Large
Enbridge EPZANW08 EN817-11 Adult, Quagga 21 12 8 Large
Enbridge EPZANW08 EN817-11 Adult, Quagga 20 11 9 Large
Enbridge EPZANW08 EN817-11 Adult, Quagga 20 12 10 Large
Enbridge EPZANW08 EN817-11 Adult, Quagga 22 13 7 Large
Enbridge EPZANW08 EN817-11 Adult, Quagga 25 13 9 Large
Enbridge EPZANE03 EN817-12 Adult, Quagga 25 14 9 Large
Enbridge EPZANE03 EN817-12 Adult, Quagga 27 15 8 Large
Enbridge EPZANE03 EN817-12 Adult, Quagga 25 15 11 Large
Enbridge EPZANE03 EN817-12 Adult, Quagga 27 15 10 Large
Enbridge EPZANE03 EN817-12 Adult, Quagga 25 15 12 Large
Enbridge EPZANE03 EN817-12 Adult, Quagga 27 14 10 Large
Enbridge EPZANE03 EN817-12 Adult, Quagga 23 12 8 Large
Enbridge EPZANE03 EN817-12 Adult, Quagga 25 14 11 Large
Enbridge EPZANE03 EN817-12 Adult, Quagga 14 10 6 Large
Enbridge EPZANT02 EN817-13 Adult, Quagga 24 13 8 Large
Enbridge EPZANT02 EN817-13 Adult, Quagga 27 15 10 Large
Enbridge EPZANT02 EN817-13 Adult, Quagga 23 13 7 Large
Enbridge EPZANT02 EN817-13 Adult, Quagga 27 14 9 Large
Enbridge EPZANT02 EN817-13 Adult, Quagga 26 15 12 Large
Enbridge EPZANT02 EN817-13 Adult, Quagga 23 13 10 Large
Enbridge EPZANT02 EN817-13 Adult, Quagga 24 16 12 Large
Enbridge EPZANT02 EN817-13 Adult, Quagga 9 5 2 Medium
Enbridge EPZANT02 EN817-13 Juvenile 4 2 2 Small
Enbridge EPZANT02 EN817-13 Juvenile 3 2 1 Small
Enbridge EPZBNW12 EN817-14 Adult, Quagga 9 7 4 Medium
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Project Name Site Name GEI Log #
Identification Zebra, Adult, 

Quagga Adult, Juveniles, 
Fragment

Length 
(mm)

Width (mm) 
Widest part of 

shell

Width of 
base (mm)

Size Class (Quagga Only)   
>10 mm Large,            

5-10 mm Medium,         
<5 mm Small              

Enbridge EPZBNT01 EN817-16 Adult, Quagga 23 14 10 Large
Enbridge EPZBNT01 EN817-16 Adult, Quagga 22 14 10 Large
Enbridge WPZANE02 EN817-18 Adult, Quagga 32 18 14 Large
Enbridge WPZANE02 EN817-18 Adult, Quagga 13 8 4 Large
Enbridge WPZANE02 EN817-18 Adult, Quagga 13 8 5 Large
Enbridge WPZANE02 EN817-18 Adult, Quagga 11 7 4 Large
Enbridge WPZANE02 EN817-18 Adult, Quagga 12 7 5 Large
Enbridge WPZANE02 EN817-18 Adult, Quagga 10 5 3 Medium
Enbridge WPZANE02 EN817-18 Adult, Quagga 10 6 3 Medium
Enbridge WPZANE02 EN817-18 Adult, Quagga 8 5 3 Medium
Enbridge WPZANE02 EN817-18 Adult, Quagga 8 4 3 Medium
Enbridge WPZANE02 EN817-18 Juvenile 6 3 2 Medium
Enbridge WPZANE02 EN817-18 Juvenile 6 3 2 Medium
Enbridge WPZANE02 EN817-18 Juvenile 6 3 2 Medium
Enbridge WPZANE02 EN817-18 Adult, Quagga 8 4 3 Medium
Enbridge WPZANE02 EN817-18 Adult, Quagga 7 4 2 Medium
Enbridge WPZANE02 EN817-18 Juvenile 5 2 2 Medium
Enbridge WPZANE02 EN817-18 Juvenile 4 3 2 Small
Enbridge WPZANE02 EN817-18 Juvenile 3 2 1 Small
Enbridge WPZANB09 EN817-19 Adult, Quagga 27 15 11 Large
Enbridge WPZANB09 EN817-19 Adult, Quagga 26 15 10 Large
Enbridge WPZANB09 EN817-19 Adult, Quagga 30 18 13 Large
Enbridge WPZANB09 EN817-19 Adult, Quagga 23 14 10 Large
Enbridge WPZANB09 EN817-19 Adult, Quagga 22 13 9 Large
Enbridge WPZANB09 EN817-19 Adult, Quagga 25 13 9 Large
Enbridge WPZANB09 EN817-19 Adult, Quagga 25 14 10 Large
Enbridge WPZANB09 EN817-19 Adult, Quagga 29 16 11 Large
Enbridge WPZANB09 EN817-19 Adult, Quagga 25 14 10 Large
Enbridge WPZANB09 EN817-19 Adult, Quagga 23 13 8 Large
Enbridge WPZANB09 EN817-19 Adult, Quagga 23 13 9 Large
Enbridge WPZANB09 EN817-19 Adult, Quagga 25 13 10 Large
Enbridge WPZANB09 EN817-19 Adult, Quagga 17 10 7 Large
Enbridge WPZANB09 EN817-19 Adult, Quagga 22 12 8 Large
Enbridge WPZANB09 EN817-19 Adult, Quagga 18 11 6 Large
Enbridge WPZANB09 EN817-19 Adult, Quagga 23 13 9 Large
Enbridge WPZANB09 EN817-19 Adult, Quagga 18 10 5 Large
Enbridge WPZANB09 EN817-19 Adult, Quagga 19 10 6 Large
Enbridge WPZANB09 EN817-19 Adult, Quagga 24 14 6 Large
Enbridge WPZANB09 EN817-19 Adult, Quagga 18 9 6 Large
Enbridge WPZANW08 EN817-20 Adult, Quagga 17 10 7 Large
Enbridge WPZANW08 EN817-20 Adult, Quagga 19 10 6 Large
Enbridge WPZANW08 EN817-20 Adult, Quagga 16 9 6 Large
Enbridge WPZANW08 EN817-20 Adult, Quagga 10 6 3 Medium
Enbridge WPZANW08 EN817-20 Adult, Quagga 9 6 3 Medium
Enbridge WPZANW08 EN817-20 Adult, Quagga 11 7 4 Large
Enbridge WPZANW08 EN817-20 Adult, Quagga 9 4 3 Medium
Enbridge WPZANW08 EN817-20 Adult, Quagga 11 7 4 Large
Enbridge WPZANW08 EN817-20 Adult, Quagga 7 5 2 Medium
Enbridge WPZANW08 EN817-20 Adult, Quagga 10 5 3 Medium
Enbridge WPZANW08 EN817-20 Adult, Quagga 7 4 2 Medium
Enbridge WPZANW08 EN817-20 Adult, Quagga 8 4 2 Medium
Enbridge WPZANW08 EN817-20 Adult, Quagga 8 4 2 Medium
Enbridge WPZANW08 EN817-20 Juvenile 5 3 1 Medium
Enbridge WPZANW08 EN817-20 Juvenile 5 2 1 Medium
Enbridge WPZANW08 EN817-20 Juvenile 3 2 1 Small
Enbridge WPZANW08 EN817-20 Juvenile 3 2 1 Small
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>10 mm Large,            
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<5 mm Small              

Enbridge EPZDT02 EN817-21 Adult, Quagga 25 16 10 Large
Enbridge EPZDT02 EN817-21 Adult, Quagga 30 15 10 Large
Enbridge EPZDT02 EN817-21 Adult, Quagga 29 15 10 Large
Enbridge EPZDT02 EN817-21 Adult, Quagga 30 17 11 Large
Enbridge EPZDT02 EN817-21 Adult, Quagga 30 17 12 Large
Enbridge EPZDT02 EN817-21 Adult, Quagga 27 17 13 Large
Enbridge EPZDT02 EN817-21 Adult, Quagga 28 16 11 Large
Enbridge EPZDT02 EN817-21 Adult, Quagga 25 15 11 Large
Enbridge EPZDT02 EN817-21 Adult, Quagga 28 16 11 Large
Enbridge EPZDT02 EN817-21 Adult, Quagga 28 17 11 Large
Enbridge EPZDT02 EN817-21 Adult, Quagga 21 12 9 Large
Enbridge EPZDT02 EN817-21 Adult, Quagga 26 15 9 Large
Enbridge EPZDT02 EN817-21 Adult, Quagga 16 9 6 Large
Enbridge EPZDT02 EN817-21 Adult, Quagga 13 7 5 Large
Enbridge EPZDT02 EN817-21 Adult, Quagga 15 9 6 Large
Enbridge EPZDT02 EN817-21 Adult, Quagga 12 7 5 Large
Enbridge EPZDT02 EN817-21 Adult, Quagga 11 7 4 Large
Enbridge EPZDT02 EN817-21 Adult, Quagga 10 6 3 Medium
Enbridge EPZDT02 EN817-21 Adult, Quagga 8 5 3 Medium
Enbridge EPZDT02 EN817-21 Adult, Quagga 8 5 2 Medium
Enbridge EPZDT02 EN817-21 Adult, Quagga 8 5 2 Medium
Enbridge EPZDT02 EN817-21 Juvenile 5 3 1 Medium
Enbridge EPZDT02 EN817-21 Juvenile 6 4 2 Medium
Enbridge EPZDT02 EN817-21 Juvenile 4 2 1 Small
Enbridge EPZDT02 EN817-21 Juvenile 6 3 1 Medium
Enbridge EPZDT02 EN817-21 Juvenile 4 2 1 Small
Enbridge EPZDT02 EN817-21 Juvenile 4 2 1 Small
Enbridge EPZDT02 EN817-21 Juvenile 4 3 1 Small
Enbridge EPZDT02 EN817-21 Juvenile 3 2 1 Small
Enbridge EPZDE01 EN817-22 Adult, Quagga 26 15 12 Large
Enbridge EPZDE01 EN817-22 Adult, Quagga 28 18 11 Large
Enbridge EPZDE01 EN817-22 Adult, Quagga 28 17 12 Large
Enbridge EPZDE01 EN817-22 Adult, Quagga 26 15 9 Large
Enbridge EPZDE01 EN817-22 Adult, Quagga 26 15 11 Large
Enbridge EPZDE01 EN817-22 Adult, Quagga 29 16 11 Large
Enbridge EPZDE01 EN817-22 Adult, Quagga 28 17 9 Large
Enbridge EPZDE01 EN817-22 Adult, Quagga 26 16 11 Large
Enbridge EPZDE01 EN817-22 Adult, Quagga 31 17 13 Large
Enbridge EPZDE01 EN817-22 Adult, Quagga 21 13 9 Large
Enbridge EPZDE01 EN817-22 Adult, Quagga 25 14 10 Large
Enbridge EPZDE01 EN817-22 Adult, Quagga 25 16 11 Large
Enbridge EPZDE01 EN817-22 Adult, Quagga 20 12 9 Large
Enbridge EPZDE01 EN817-22 Adult, Quagga 30 16 9 Large
Enbridge EPZDE01 EN817-22 Adult, Quagga 28 16 12 Large
Enbridge EPZDE01 EN817-22 Adult, Quagga 24 13 9 Large
Enbridge EPZDE01 EN817-22 Adult, Quagga 28 15 10 Large
Enbridge EPZDE01 EN817-22 Adult, Quagga 26 15 7 Large
Enbridge EPZDE01 EN817-22 Adult, Quagga 27 15 10 Large
Enbridge EPZDE01 EN817-22 Adult, Quagga 24 14 9 Large
Enbridge EPZDE01 EN817-22 Adult, Quagga 20 11 7 Large
Enbridge EPZDE01 EN817-22 Adult, Quagga 20 12 7 Large
Enbridge EPZDE01 EN817-22 Adult, Quagga 20 12 8 Large
Enbridge EPZDE01 EN817-22 Adult, Quagga 16 9 6 Large
Enbridge EPZDE01 EN817-22 Adult, Quagga 17 10 6 Large
Enbridge EPZDE01 EN817-22 Adult, Quagga 19 12 8 Large
Enbridge EPZDE01 EN817-22 Adult, Quagga 27 17 10 Large
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>10 mm Large,            

5-10 mm Medium,         
<5 mm Small              

Enbridge EPZDE01 EN817-22 Adult, Quagga 30 15 8 Large
Enbridge EPZDE01 EN817-22 Adult, Quagga 26 15 10 Large
Enbridge EPZDE01 EN817-22 Adult, Quagga 22 13 9 Large
Enbridge EPZDE01 EN817-22 Adult, Quagga 11 8 4 Large
Enbridge EPZDE01 EN817-22 Adult, Quagga 10 6 3 Medium
Enbridge EPZDE01 EN817-22 Adult, Quagga 10 5 3 Medium
Enbridge EPZDE01 EN817-22 Adult, Quagga 10 6 4 Medium
Enbridge EPZDE01 EN817-22 Adult, Quagga 9 4 2 Medium
Enbridge EPZDE01 EN817-22 Juvenile 6 4 2 Medium
Enbridge EPZDE01 EN817-22 Juvenile 6 3 1 Medium
Enbridge EPZDE01 EN817-22 Juvenile 4 3 1 Small
Enbridge EPZDE01 EN817-22 Juvenile 4 3 1 Small
Enbridge EPZDE01 EN817-22 Adult, Quagga 9 5 2 Medium
Enbridge EPZDE01 EN817-22 Juvenile 5 3 2 Medium
Enbridge EPZDE01 EN817-22 Juvenile 5 2 1 Medium
Enbridge EPZDE01 EN817-22 Juvenile 5 3 1 Medium
Enbridge EPZDE01 EN817-22 Juvenile 4 3 1 Small
Enbridge EPZDE01 EN817-22 Juvenile 3 2 1 Small
Enbridge EPZDE01 EN817-22 Juvenile 3 2 1 Small
Enbridge EPZDE01 EN817-22 Juvenile 3 2 1 Small
Enbridge EPZDE01 EN817-22 Juvenile 3 2 1 Small
Enbridge EPZDE01 EN817-22 Juvenile 3 2 1 Small
Enbridge EPZDE01 EN817-22 Juvenile 3 2 1 Small
Enbridge EPZDW08 EN817-23 Adult, Quagga 26 14 11 Large
Enbridge EPZDW08 EN817-23 Adult, Quagga 27 17 11 Large
Enbridge EPZDW08 EN817-23 Adult, Quagga 27 16 12 Large
Enbridge EPZDW08 EN817-23 Adult, Quagga 27 16 10 Large
Enbridge EPZDW08 EN817-23 Adult, Quagga 26 15 10 Large
Enbridge EPZDW08 EN817-23 Adult, Quagga 27 14 10 Large
Enbridge EPZDW08 EN817-23 Adult, Quagga 28 16 13 Large
Enbridge EPZDW08 EN817-23 Adult, Quagga 31 19 11 Large
Enbridge EPZDW08 EN817-23 Adult, Quagga 27 16 9 Large
Enbridge EPZDW08 EN817-23 Adult, Quagga 26 15 12 Large
Enbridge EPZDW08 EN817-23 Adult, Quagga 27 14 10 Large
Enbridge EPZDW08 EN817-23 Adult, Quagga 31 17 12 Large
Enbridge EPZDW08 EN817-23 Adult, Quagga 17 10 7 Large
Enbridge EPZDW08 EN817-23 Adult, Quagga 26 15 12 Large
Enbridge EPZDW08 EN817-23 Adult, Quagga 23 13 8 Large
Enbridge EPZDW08 EN817-23 Adult, Quagga 29 17 10 Large
Enbridge EPZDW08 EN817-23 Adult, Quagga 17 10 5 Large
Enbridge EPZDW08 EN817-23 Adult, Quagga 16 9 5 Large
Enbridge EPZDW08 EN817-23 Adult, Quagga 11 7 3 Large
Enbridge EPZDW08 EN817-23 Adult, Quagga 10 6 3 Medium
Enbridge EPZDW08 EN817-23 Juvenile 6 4 2 Medium
Enbridge EPZDW08 EN817-23 Adult, Quagga 9 6 3 Medium
Enbridge EPZDW08 EN817-23 Juvenile 6 5 2 Medium
Enbridge EPZDW08 EN817-23 Juvenile 6 4 1 Medium
Enbridge EPZDW08 EN817-23 Juvenile 6 4 2 Medium
Enbridge EPZDW08 EN817-23 Juvenile 6 4 2 Medium
Enbridge EPZDW08 EN817-23 Adult, Quagga 7 4 2 Medium
Enbridge EPZDW08 EN817-23 Juvenile 6 3 2 Medium
Enbridge EPZDW08 EN817-23 Juvenile 4 3 1 Small
Enbridge EPZDW08 EN817-23 Juvenile 5 3 2 Medium
Enbridge EPZDW08 EN817-23 Juvenile 5 3 1 Medium
Enbridge EPZDW08 EN817-23 Juvenile 4 2 1 Small
Enbridge EPZDW08 EN817-23 Juvenile 4 2 1 Small
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Enbridge EPZDW08 EN817-23 Juvenile 5 3 2 Medium
Enbridge EPZDW08 EN817-23 Juvenile 4 2 1 Small
Enbridge EPZDW08 EN817-23 Juvenile 5 2 1 Medium
Enbridge WPZDE12 EN817-25 Adult, Quagga 29 17 11 Large
Enbridge WPZDE12 EN817-25 Adult, Quagga 30 16 11 Large
Enbridge WPZDE12 EN817-25 Adult, Quagga 28 18 12 Large
Enbridge WPZDE12 EN817-25 Adult, Quagga 20 14 9 Large
Enbridge WPZDE12 EN817-25 Adult, Quagga 25 15 10 Large
Enbridge WPZDE12 EN817-25 Adult, Quagga 29 16 12 Large
Enbridge WPZDE12 EN817-25 Adult, Quagga 24 13 9 Large
Enbridge WPZDE12 EN817-25 Adult, Quagga 23 13 10 Large
Enbridge WPZDE12 EN817-25 Adult, Quagga 24 14 9 Large
Enbridge WPZDE12 EN817-25 Adult, Quagga 23 14 11 Large
Enbridge WPZDE12 EN817-25 Adult, Quagga 27 15 9 Large
Enbridge WPZDE12 EN817-25 Adult, Quagga 25 15 9 Large
Enbridge WPZDE12 EN817-25 Adult, Quagga 22 13 9 Large
Enbridge WPZDE12 EN817-25 Adult, Quagga 20 11 8 Large
Enbridge WPZDE12 EN817-25 Adult, Quagga 20 13 8 Large
Enbridge WPZDE12 EN817-25 Adult, Quagga 21 10 7 Large
Enbridge WPZDE12 EN817-25 Adult, Quagga 21 12 9 Large
Enbridge WPZDE12 EN817-25 Adult, Quagga 18 12 8 Large
Enbridge WPZDE12 EN817-25 Adult, Quagga 20 12 7 Large
Enbridge WPZDE12 EN817-25 Adult, Quagga 24 12 10 Large
Enbridge WPZDE12 EN817-25 Adult, Quagga 20 12 8 Large
Enbridge WPZDE12 EN817-25 Adult, Quagga 27 13 8 Large
Enbridge WPZDE12 EN817-25 Adult, Quagga 16 9 6 Large
Enbridge WPZDE12 EN817-25 Adult, Quagga 13 8 4 Large
Enbridge WPZDE12 EN817-25 Adult, Quagga 14 8 5 Large
Enbridge WPZDE12 EN817-25 Juvenile 4 2 1 Small
Enbridge WPZDE12 EN817-25 Juvenile 4 2 1 Small
Enbridge WPZDE12 EN817-25 Adult, Quagga 9 5 4 Medium
Enbridge WPZDE12 EN817-25 Adult, Quagga 12 7 4 Large
Enbridge WPZDE12 EN817-25 Adult, Quagga 9 4 3 Medium
Enbridge WPZDE12 EN817-25 Adult, Quagga 9 6 3 Medium
Enbridge WPZDE12 EN817-25 Adult, Quagga 9 5 3 Medium
Enbridge WPZDE12 EN817-25 Juvenile 6 3 2 Medium
Enbridge WPZDE12 EN817-25 Juvenile 6 3 2 Medium
Enbridge WPZDE12 EN817-25 Juvenile 6 3 2 Medium
Enbridge WPZDE12 EN817-25 Juvenile 5 3 1 Medium
Enbridge WPZDE12 EN817-25 Juvenile 5 3 2 Medium
Enbridge WPZDE12 EN817-25 Juvenile 5 3 2 Medium
Enbridge WPZDE12 EN817-25 Juvenile 4 3 1 Small
Enbridge WPZDE12 EN817-25 Juvenile 5 3 1 Medium
Enbridge WPZDE12 EN817-25 Juvenile 4 2 1 Small
Enbridge WPZDE12 EN817-25 Juvenile 4 3 1 Small
Enbridge WPZDE12 EN817-25 Juvenile 4 2 1 Small
Enbridge WPZDE12 EN817-25 Juvenile 4 3 1 Small
Enbridge WPZDE12 EN817-25 Juvenile 2 1 1 Small
Enbridge WPZDW03 EN817-26 Adult, Quagga 28 17 13 Large
Enbridge WPZDW03 EN817-26 Adult, Quagga 26 16 9 Large
Enbridge WPZDW03 EN817-26 Adult, Quagga 27 15 9 Large
Enbridge WPZDW03 EN817-26 Adult, Quagga 29 17 10 Large
Enbridge WPZDW03 EN817-26 Adult, Quagga 25 14 9 Large
Enbridge WPZDW03 EN817-26 Adult, Quagga 23 13 7 Large
Enbridge WPZDW03 EN817-26 Adult, Quagga 30 19 12 Large
Enbridge WPZDW03 EN817-26 Adult, Quagga 28 16 10 Large
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Enbridge WPZDW03 EN817-26 Adult, Quagga 24 14 9 Large
Enbridge WPZDW03 EN817-26 Adult, Quagga 25 15 9 Large
Enbridge WPZDW03 EN817-26 Adult, Quagga 27 15 10 Large
Enbridge WPZDW03 EN817-26 Adult, Quagga 28 17 11 Large
Enbridge WPZDW03 EN817-26 Adult, Quagga 25 15 10 Large
Enbridge WPZDW03 EN817-26 Adult, Quagga 29 17 10 Large
Enbridge WPZDW03 EN817-26 Adult, Quagga 23 14 9 Large
Enbridge WPZDW03 EN817-26 Adult, Quagga 22 14 8 Large
Enbridge WPZDW03 EN817-26 Adult, Quagga 28 16 8 Large
Enbridge WPZDW03 EN817-26 Adult, Quagga 22 13 8 Large
Enbridge WPZDW03 EN817-26 Adult, Quagga 26 14 10 Large
Enbridge WPZDW03 EN817-26 Adult, Quagga 21 13 9 Large
Enbridge WPZDW03 EN817-26 Adult, Quagga 23 13 7 Large
Enbridge WPZDW03 EN817-26 Adult, Quagga 18 11 7 Large
Enbridge WPZDW03 EN817-26 Adult, Quagga 16 9 6 Large
Enbridge WPZDW03 EN817-26 Adult, Quagga 13 9 4 Large
Enbridge WPZDW03 EN817-26 Adult, Quagga 11 7 3 Large
Enbridge WPZDW03 EN817-26 Adult, Quagga 10 4 2 Medium
Enbridge WPZDW03 EN817-26 Adult, Quagga 7 4 2 Medium
Enbridge WPZDW03 EN817-26 Adult, Quagga 8 4 2 Medium
Enbridge WPZDW03 EN817-26 Juvenile 4 3 2 Small
Enbridge WPZDW03 EN817-26 Juvenile 4 3 1 Small
Enbridge WPZDW03 EN817-26 Juvenile 5 3 2 Medium
Enbridge WPZDW03 EN817-26 Juvenile 6 4 2 Medium
Enbridge WPZDW03 EN817-26 Juvenile 4 2 2 Small
Enbridge WPZDW03 EN817-26 Juvenile 4 3 1 Small
Enbridge WPZDW03 EN817-26 Juvenile 3 2 1 Small
Enbridge WPZDW03 EN817-26 Juvenile 4 2 1 Small
Enbridge WPZDW03 EN817-26 Juvenile 3 2 1 Small
Enbridge WPZDW03 EN817-26 Juvenile 6 3 1 Medium
Enbridge WPZDW03 EN817-26 Juvenile 6 4 2 Medium
Enbridge WPZDW03 EN817-26 Juvenile 4 2 1 Small
Enbridge WPZCNT04 EN817-27 Adult, Quagga 31 17 11 Large
Enbridge WPZCNT04 EN817-27 Adult, Quagga 29 16 11 Large
Enbridge WPZCNT04 EN817-27 Adult, Quagga 23 13 9 Large
Enbridge WPZCNT04 EN817-27 Adult, Quagga 29 17 9 Large
Enbridge WPZCNT04 EN817-27 Adult, Quagga 24 14 10 Large
Enbridge WPZCNT04 EN817-27 Adult, Quagga 27 15 9 Large
Enbridge WPZCNT04 EN817-27 Adult, Quagga 22 12 8 Large
Enbridge WPZCNT04 EN817-27 Adult, Quagga 28 15 10 Large
Enbridge WPZCNT04 EN817-27 Adult, Quagga 17 10 8 Large
Enbridge WPZCNT04 EN817-27 Adult, Quagga 11 6 5 Large
Enbridge WPZCNT04 EN817-27 Adult, Quagga 7 4 2 Medium
Enbridge WPZCNT04 EN817-27 Juvenile 6 4 2 Medium
Enbridge WPZCNT04 EN817-27 Adult, Quagga 9 6 3 Medium
Enbridge WPZCNT04 EN817-27 Adult, Quagga 7 4 2 Medium
Enbridge WPZCNT04 EN817-27 Juvenile 5 3 1 Medium
Enbridge WPZCNT04 EN817-27 Juvenile 4 3 2 Small
Enbridge WPZCNT04 EN817-27 Juvenile 4 3 2 Small
Enbridge WPZCNT04 EN817-27 Juvenile 4 2 1 Small
Enbridge WPZCNT04 EN817-27 Juvenile 5 3 1 Medium
Enbridge WPZCNT04 EN817-27 Juvenile 3 2 1 Small
Enbridge WPZCNT04 EN817-27 Juvenile 3 2 1 Small
Enbridge WPZCNT04 EN817-27 Juvenile 4 3 1 Small
Enbridge WPZCNT04 EN817-27 Juvenile 4 2 1 Small
Enbridge WPZCNT04 EN817-27 Juvenile 3 2 1 Small
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Enbridge WPZCNT04 EN817-27 Juvenile 2 2 1 Small
Enbridge WPZCNT04 EN817-27 Juvenile 2 1 1 Small
Enbridge WPZCNT04 EN817-27 Juvenile 1 1 1 Small
Enbridge WPZCNT04 EN817-27 Juvenile 2 1 1 Small
Enbridge WPZCNB09 EN817-28 Adult, Quagga 28 15 7 Large
Enbridge WPZCNB09 EN817-28 Adult, Quagga 25 15 6 Large
Enbridge WPZCNB09 EN817-28 Adult, Quagga 26 13 8 Large
Enbridge WPZCNB09 EN817-28 Adult, Quagga 26 14 9 Large
Enbridge WPZCNB09 EN817-28 Adult, Quagga 26 15 11 Large
Enbridge WPZCNB09 EN817-28 Adult, Quagga 30 19 12 Large
Enbridge WPZCNB09 EN817-28 Adult, Quagga 25 15 10 Large
Enbridge WPZCNB09 EN817-28 Adult, Quagga 26 15 9 Large
Enbridge WPZCNB09 EN817-28 Adult, Quagga 26 16 9 Large
Enbridge WPZCNB09 EN817-28 Adult, Quagga 30 17 13 Large
Enbridge WPZCNB09 EN817-28 Adult, Quagga 20 11 8 Large
Enbridge WPZCNB09 EN817-28 Adult, Quagga 22 13 7 Large
Enbridge WPZCNB09 EN817-28 Adult, Quagga 26 15 9 Large
Enbridge WPZCNB09 EN817-28 Adult, Quagga 24 12 8 Large
Enbridge WPZCNB09 EN817-28 Adult, Quagga 21 12 7 Large
Enbridge WPZCNB09 EN817-28 Adult, Quagga 23 13 8 Large
Enbridge WPZCNB09 EN817-28 Adult, Quagga 21 13 7 Large
Enbridge WPZCNB09 EN817-28 Adult, Quagga 26 15 11 Large
Enbridge WPZCNB09 EN817-28 Adult, Quagga 23 13 7 Large
Enbridge WPZCNB09 EN817-28 Adult, Quagga 20 11 8 Large
Enbridge WPZCNB09 EN817-28 Adult, Quagga 19 10 7 Large
Enbridge WPZCNB09 EN817-28 Adult, Quagga 10 6 3 Medium
Enbridge WPZCNB09 EN817-28 Adult, Quagga 11 10 4 Large
Enbridge WPZCNB09 EN817-28 Adult, Quagga 12 7 4 Large
Enbridge WPZCNB09 EN817-28 Adult, Quagga 9 5 3 Medium
Enbridge WPZCNB09 EN817-28 Juvenile 4 3 1 Small
Enbridge WPZCNB09 EN817-28 Juvenile 5 4 2 Medium
Enbridge WPZCNB09 EN817-28 Juvenile 3 2 1 Small
Enbridge WPZCNB09 EN817-28 Juvenile 3 2 1 Small
Enbridge WPZCNW06 EN817-29 Adult, Quagga 29 17 10 Large
Enbridge WPZCNW06 EN817-29 Adult, Quagga 21 13 8 Large
Enbridge WPZCNW06 EN817-29 Adult, Quagga 26 15 10 Large
Enbridge WPZCNW06 EN817-29 Adult, Quagga 31 16 12 Large
Enbridge WPZCNW06 EN817-29 Adult, Quagga 30 17 10 Large
Enbridge WPZCNW06 EN817-29 Adult, Quagga 25 14 11 Large
Enbridge WPZCNW06 EN817-29 Adult, Quagga 24 14 11 Large
Enbridge WPZCNW06 EN817-29 Adult, Quagga 25 14 9 Large
Enbridge WPZCNW06 EN817-29 Adult, Quagga 23 13 8 Large
Enbridge WPZCNW06 EN817-29 Adult, Quagga 30 19 13 Large
Enbridge WPZCNW06 EN817-29 Adult, Quagga 26 17 11 Large
Enbridge WPZCNW06 EN817-29 Adult, Quagga 28 16 9 Large
Enbridge WPZCNW06 EN817-29 Adult, Quagga 23 14 8 Large
Enbridge WPZCNW06 EN817-29 Adult, Quagga 24 15 10 Large
Enbridge WPZCNW06 EN817-29 Adult, Quagga 25 15 10 Large
Enbridge WPZCNW06 EN817-29 Adult, Quagga 24 15 10 Large
Enbridge WPZCNW06 EN817-29 Adult, Quagga 24 15 12 Large
Enbridge WPZCNW06 EN817-29 Adult, Quagga 25 14 11 Large
Enbridge WPZCNW06 EN817-29 Adult, Quagga 27 17 11 Large
Enbridge WPZCNW06 EN817-29 Adult, Quagga 22 13 8 Large
Enbridge WPZCNW06 EN817-29 Adult, Quagga 25 13 9 Large
Enbridge WPZCNW06 EN817-29 Adult, Quagga 26 15 10 Large
Enbridge WPZCNW06 EN817-29 Adult, Quagga 23 14 9 Large
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Enbridge WPZCNW06 EN817-29 Adult, Quagga 26 15 9 Large
Enbridge WPZCNW06 EN817-29 Adult, Quagga 29 16 9 Large
Enbridge WPZCNW06 EN817-29 Adult, Quagga 20 12 6 Large
Enbridge WPZCNW06 EN817-29 Adult, Quagga 10 5 2 Medium
Enbridge WPZBNT01 EN817-30 Adult, Quagga 24 13 8 Large
Enbridge WPZBNT01 EN817-30 Adult, Quagga 28 15 10 Large
Enbridge WPZBNT01 EN817-30 Adult, Quagga 26 15 9 Large
Enbridge WPZBNT01 EN817-30 Adult, Quagga 28 15 8 Large
Enbridge WPZBNT01 EN817-30 Adult, Quagga 27 15 9 Large
Enbridge WPZBNT01 EN817-30 Adult, Quagga 27 14 9 Large
Enbridge WPZBNT01 EN817-30 Adult, Quagga 29 16 10 Large
Enbridge WPZBNT01 EN817-30 Adult, Quagga 31 17 11 Large
Enbridge WPZBNT01 EN817-30 Adult, Quagga 21 13 9 Large
Enbridge WPZBNT01 EN817-30 Adult, Quagga 29 15 11 Large
Enbridge WPZBNT01 EN817-30 Adult, Quagga 27 16 11 Large
Enbridge WPZBNT01 EN817-30 Adult, Quagga 30 16 12 Large
Enbridge WPZBNT01 EN817-30 Adult, Quagga 26 14 10 Large
Enbridge WPZBNT01 EN817-30 Adult, Quagga 28 14 9 Large
Enbridge WPZBNT01 EN817-30 Adult, Quagga 24 13 10 Large
Enbridge WPZBNT01 EN817-30 Adult, Quagga 23 14 10 Large
Enbridge WPZBNT01 EN817-30 Adult, Quagga 23 13 8 Large
Enbridge WPZBNT01 EN817-30 Adult, Quagga 26 14 9 Large
Enbridge WPZBNT01 EN817-30 Adult, Quagga 25 14 10 Large
Enbridge WPZBNT01 EN817-30 Adult, Quagga 22 13 8 Large
Enbridge WPZBNT01 EN817-30 Adult, Quagga 24 12 8 Large
Enbridge WPZBNT01 EN817-30 Adult, Quagga 27 14 11 Large
Enbridge WPZBNT01 EN817-30 Adult, Quagga 28 17 12 Large
Enbridge WPZBNT01 EN817-30 Adult, Quagga 26 14 9 Large
Enbridge WPZBNT01 EN817-30 Adult, Quagga 20 12 10 Large
Enbridge WPZBNT01 EN817-30 Adult, Quagga 24 15 10 Large
Enbridge WPZBNT01 EN817-30 Adult, Quagga 23 13 8 Large
Enbridge WPZBNT01 EN817-30 Adult, Quagga 21 11 8 Large
Enbridge WPZBNT01 EN817-30 Adult, Quagga 17 10 7 Large
Enbridge WPZBNT01 EN817-30 Adult, Quagga 10 6 3 Medium
Enbridge WPZBNT01 EN817-30 Adult, Quagga 8 5 2 Medium
Enbridge WPZBNT01 EN817-30 Adult, Quagga 8 5 2 Medium
Enbridge WPZBNT01 EN817-30 Juvenile 6 3 2 Medium
Enbridge WPZBNT01 EN817-30 Juvenile 6 4 2 Medium
Enbridge WPZBNT01 EN817-30 Juvenile 3 2 1 Small
Enbridge WPZBNT01 EN817-30 Juvenile 3 2 1 Small
Enbridge WPZBNT01 EN817-30 Juvenile 2 1 1 Small
Enbridge WPZBNE11 EN817-31 Adult, Quagga 24 15 10 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 27 17 13 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 24 14 9 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 25 14 10 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 21 12 9 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 21 12 7 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 31 17 11 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 24 15 9 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 22 12 10 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 21 11 8 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 23 13 8 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 29 14 11 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 24 14 10 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 23 14 8 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 24 12 10 Large
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Enbridge WPZBNE11 EN817-31 Adult, Quagga 26 15 11 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 23 14 10 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 23 13 10 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 24 14 10 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 25 14 9 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 24 13 9 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 22 12 10 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 22 12 9 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 23 13 7 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 25 14 10 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 22 13 10 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 27 14 10 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 24 14 9 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 26 15 11 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 24 16 10 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 15 8 5 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 14 8 4 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 11 9 4 Large
Enbridge WPZBNE11 EN817-31 Adult, Quagga 9 5 2 Medium
Enbridge WPZBNE11 EN817-31 Adult, Quagga 7 4 2 Medium
Enbridge WPZBNE11 EN817-31 Juvenile 6 4 2 Medium
Enbridge WPZBNE11 EN817-31 Juvenile 6 3 1 Medium
Enbridge WPZBNE11 EN817-31 Juvenile 6 3 2 Medium
Enbridge WPZBNE11 EN817-31 Juvenile 4 3 1 Small
Enbridge WPZBNE11 EN817-31 Juvenile 4 3 2 Small
Enbridge WPZBNE11 EN817-31 Juvenile 5 3 2 Medium
Enbridge WPZBNE11 EN817-31 Juvenile 3 2 1 Small
Enbridge WPZBNE11 EN817-31 Juvenile 4 3 1 Small
Enbridge WPZBNE11 EN817-31 Juvenile 3 2 1 Small
Enbridge WPZBNE11 EN817-31 Juvenile 2 1 1 Small
Enbridge WPZBNE11 EN817-31 Juvenile 2 1 1 Small
Enbridge WPZBNW04 EN817-32 Adult, Quagga 27 15 9 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 26 17 9 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 25 13 10 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 25 15 11 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 30 17 12 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 28 16 9 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 27 17 8 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 22 14 6 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 25 15 10 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 25 14 9 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 22 12 8 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 19 11 9 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 21 12 9 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 22 12 6 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 18 10 8 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 24 14 9 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 23 13 8 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 26 14 10 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 24 14 8 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 34 19 13 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 24 14 10 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 23 14 9 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 23 13 9 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 26 15 10 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 23 13 9 Large
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Enbridge WPZBNW04 EN817-32 Adult, Quagga 23 14 9 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 22 13 9 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 23 14 10 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 25 14 10 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 24 14 9 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 24 14 9 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 25 15 10 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 25 14 9 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 24 14 9 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 24 13 8 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 24 13 10 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 22 13 8 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 22 13 8 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 22 12 8 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 21 13 8 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 19 10 6 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 20 12 8 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 14 8 3 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 12 7 3 Large
Enbridge WPZBNW04 EN817-32 Adult, Quagga 10 6 3 Medium
Enbridge WPZBNW04 EN817-32 Adult, Quagga 8 5 2 Medium
Enbridge WPZBNW04 EN817-32 Adult, Quagga 10 4 3 Medium
Enbridge WPZBNW04 EN817-32 Adult, Quagga 7 3 2 Medium
Enbridge WPZBNW04 EN817-32 Adult, Quagga 7 4 2 Medium
Enbridge WPZBNW04 EN817-32 Adult, Quagga 8 5 2 Medium
Enbridge WPZBNW04 EN817-32 Juvenile 6 4 2 Medium
Enbridge WPZBNW04 EN817-32 Juvenile 6 3 2 Medium
Enbridge WPZBNW04 EN817-32 Juvenile 5 3 2 Medium
Enbridge WPZBNW04 EN817-32 Juvenile 5 3 2 Medium
Enbridge WPZBNW04 EN817-32 Juvenile 5 3 2 Medium
Enbridge WPZCNE11 EN817-33 Adult, Quagga 23 14 10 Large
Enbridge WPZCNE11 EN817-33 Adult, Quagga 23 13 9 Large
Enbridge WPZCNE11 EN817-33 Adult, Quagga 25 14 7 Large
Enbridge WPZCNE11 EN817-33 Adult, Quagga 29 16 10 Large
Enbridge WPZCNE11 EN817-33 Adult, Quagga 25 15 9 Large
Enbridge WPZCNE11 EN817-33 Adult, Quagga 26 14 8 Large
Enbridge WPZCNE11 EN817-33 Adult, Quagga 25 15 11 Large
Enbridge WPZCNE11 EN817-33 Adult, Quagga 21 13 9 Large
Enbridge WPZCNE11 EN817-33 Adult, Quagga 25 15 8 Large
Enbridge WPZCNE11 EN817-33 Adult, Quagga 23 14 9 Large
Enbridge WPZCNE11 EN817-33 Adult, Quagga 23 14 8 Large
Enbridge WPZCNE11 EN817-33 Adult, Quagga 20 12 8 Large
Enbridge WPZCNE11 EN817-33 Adult, Quagga 22 13 8 Large
Enbridge WPZCNE11 EN817-33 Adult, Quagga 27 16 8 Large
Enbridge WPZCNE11 EN817-33 Adult, Quagga 23 13 8 Large
Enbridge WPZCNE11 EN817-33 Adult, Quagga 27 17 8 Large
Enbridge WPZCNE11 EN817-33 Adult, Quagga 24 13 7 Large
Enbridge WPZCNE11 EN817-33 Adult, Quagga 11 7 4 Large
Enbridge WPZCNE11 EN817-33 Juvenile 6 4 2 Medium
Enbridge WPZCNE11 EN817-33 Juvenile 6 4 2 Medium
Enbridge WPZCNE11 EN817-33 Juvenile 5 3 1 Medium
Enbridge WPZCNE11 EN817-33 Juvenile 5 4 2 Medium
Enbridge WPZCNE11 EN817-33 Juvenile 5 3 2 Medium
Enbridge WPZCNE11 EN817-33 Juvenile 5 3 2 Medium
Enbridge WPZCNE11 EN817-33 Juvenile 5 3 1 Medium
Enbridge WPZCNE11 EN817-33 Juvenile 4 3 2 Small
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Enbridge WPZCNE11 EN817-33 Juvenile 5 4 2 Medium
Enbridge WPZCNE11 EN817-33 Juvenile 4 3 1 Small
Enbridge WPZCNE11 EN817-33 Juvenile 3 2 1 Small
Enbridge WPZCNE11 EN817-33 Juvenile 2 2 1 Small
Enbridge 70824-EAOI11D EN817-35 Adult, Quagga 19 13 12 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 22 14 10 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 25 14 10 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 27 14 12 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 28 14 12 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 24 14 10 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 20 12 8 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 17 11 9 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 23 12 9 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 19 11 9 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 19 11 9 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 21 12 10 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 18 10 9 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 23 15 12 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 20 10 8 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 17 10 8 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 16 10 8 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 18 11 9 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 28 14 11 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 24 13 11 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 21 11 9 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 21 11 9 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 26 15 12 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 24 14 11 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 22 12 11 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 22 13 8 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 23 12 10 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 24 13 10 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 27 14 11 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 21 12 9 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 21 12 9 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 24 13 10 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 14 8 6 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 16 10 5 Large
Enbridge EPZASW01 EN817-36 Adult, Quagga 17 9 8 Large
Enbridge WPZDT11 EN817-38 Adult, Quagga 27 14 11 Large
Enbridge WPZDT11 EN817-38 Adult, Quagga 26 14 10 Large
Enbridge WPZDT11 EN817-38 Adult, Quagga 26 14 10 Large
Enbridge WPZDT11 EN817-38 Adult, Quagga 10 6 3 Medium
Enbridge WPZDT11 EN817-38 Adult, Quagga 8 6 2 Medium
Enbridge WPZDT11 EN817-38 Adult, Quagga 8 5 2 Medium
Enbridge WPZDT11 EN817-38 Juvenile 5 4 2 Medium
Enbridge WPZDT11 EN817-38 Juvenile 4 2 1 Small
Enbridge WPZDT11 EN817-38 Juvenile 4 2 1 Small
Enbridge WPZDT11 EN817-38 Juvenile 4 2 1 Small
Enbridge WPZDT11 EN817-38 Juvenile 3 2 1 Small
Enbridge WPZDT11 EN817-38 Juvenile 2 1 1 Small
Enbridge WPZDT11 EN817-38 Juvenile 3 2 1 Small
Enbridge WPZDT11 EN817-38 Juvenile 3 2 1 Small
Enbridge WPZDT11 EN817-38 Juvenile 4 3 1 Small
Enbridge WPZDT11 EN817-38 Juvenile 3 1 1 Small
Enbridge WPZDT11 EN817-38 Juvenile 3 2 1 Small
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Enbridge WPZDT11 EN817-38 Juvenile 2 1 1 Small
Enbridge WPZDT11 EN817-38 Juvenile 2 1 1 Small
Enbridge WPZDT02 EN817-39 Adult, Quagga 28 15 10 Large
Enbridge WPZDT02 EN817-39 Adult, Quagga 24 13 8 Large
Enbridge WPZDT02 EN817-39 Adult, Quagga 25 14 9 Large
Enbridge WPZDT02 EN817-39 Adult, Quagga 25 15 9 Large
Enbridge WPZDT02 EN817-39 Adult, Quagga 22 14 9 Large
Enbridge WPZDT02 EN817-39 Adult, Quagga 27 13 10 Large
Enbridge WPZDT02 EN817-39 Adult, Quagga 27 16 10 Large
Enbridge WPZDT02 EN817-39 Adult, Quagga 24 15 10 Large
Enbridge WPZDT02 EN817-39 Adult, Quagga 24 14 10 Large
Enbridge WPZDT02 EN817-39 Adult, Quagga 24 14 9 Large
Enbridge WPZDT02 EN817-39 Adult, Quagga 28 16 9 Large
Enbridge WPZDT02 EN817-39 Adult, Quagga 22 13 8 Large
Enbridge WPZDT02 EN817-39 Adult, Quagga 26 14 9 Large
Enbridge WPZDT02 EN817-39 Adult, Quagga 27 15 11 Large
Enbridge WPZDT02 EN817-39 Adult, Quagga 25 16 10 Large
Enbridge WPZDT02 EN817-39 Adult, Quagga 22 15 9 Large
Enbridge WPZDT02 EN817-39 Adult, Quagga 21 12 8 Large
Enbridge WPZDT02 EN817-39 Adult, Quagga 26 14 10 Large
Enbridge WPZDT02 EN817-39 Adult, Quagga 26 14 10 Large
Enbridge WPZDT02 EN817-39 Adult, Quagga 26 15 8 Large
Enbridge WPZDT02 EN817-39 Adult, Quagga 22 12 8 Large
Enbridge WPZDT02 EN817-39 Adult, Quagga 22 13 8 Large
Enbridge WPZDT02 EN817-39 Adult, Quagga 24 13 8 Large
Enbridge WPZDT02 EN817-39 Adult, Quagga 23 13 7 Large
Enbridge WPZDT02 EN817-39 Adult, Quagga 20 13 7 Large
Enbridge WPZDT02 EN817-39 Adult, Quagga 22 13 9 Large
Enbridge WPZDT02 EN817-39 Adult, Quagga 25 13 8 Large
Enbridge WPZDT02 EN817-39 Adult, Quagga 22 12 8 Large
Enbridge WPZDT02 EN817-39 Adult, Quagga 12 8 5 Large
Enbridge WPZDT02 EN817-39 Juvenile 4 3 1 Small
Enbridge WPZDT02 EN817-39 Juvenile 4 3 1 Small
Enbridge EPZDE09 EN817-40 Adult, Quagga 22 14 10 Large
Enbridge EPZDE09 EN817-40 Adult, Quagga 27 16 10 Large
Enbridge EPZDE09 EN817-40 Adult, Quagga 23 13 8 Large
Enbridge EPZDE09 EN817-40 Adult, Quagga 25 13 9 Large
Enbridge EPZDE09 EN817-40 Adult, Quagga 24 14 8 Large
Enbridge EPZDE09 EN817-40 Adult, Quagga 24 14 9 Large
Enbridge EPZDE09 EN817-40 Adult, Quagga 25 15 8 Large
Enbridge EPZDE09 EN817-40 Adult, Quagga 27 16 11 Large
Enbridge EPZDE09 EN817-40 Adult, Quagga 30 18 12 Large
Enbridge EPZDE09 EN817-40 Adult, Quagga 26 15 10 Large
Enbridge EPZDE09 EN817-40 Adult, Quagga 25 14 9 Large
Enbridge EPZDE09 EN817-40 Adult, Quagga 21 13 7 Large
Enbridge EPZDE09 EN817-40 Adult, Quagga 25 14 10 Large
Enbridge EPZDE09 EN817-40 Adult, Quagga 23 14 9 Large
Enbridge EPZDE09 EN817-40 Adult, Quagga 23 13 8 Large
Enbridge EPZDE09 EN817-40 Adult, Quagga 24 13 8 Large
Enbridge EPZDE09 EN817-40 Adult, Quagga 19 11 7 Large
Enbridge EPZDE09 EN817-40 Adult, Quagga 18 11 7 Large
Enbridge EPZDE09 EN817-40 Adult, Quagga 20 11 6 Large
Enbridge EPZDE09 EN817-40 Adult, Quagga 19 10 7 Large
Enbridge EPZDE09 EN817-40 Adult, Quagga 21 11 8 Large
Enbridge EPZDE09 EN817-40 Adult, Quagga 26 16 10 Large
Enbridge EPZDE09 EN817-40 Adult, Quagga 18 10 6 Large
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Enbridge EPZDE09 EN817-40 Adult, Quagga 18 10 7 Large
Enbridge EPZDE09 EN817-40 Adult, Quagga 16 10 6 Large
Enbridge EPZDE09 EN817-40 Adult, Quagga 10 6 3 Medium
Enbridge EPZDE09 EN817-40 Adult, Quagga 16 10 7 Large
Enbridge EPZDE09 EN817-40 Adult, Quagga 20 12 7 Large
Enbridge EPZDE09 EN817-40 Adult, Quagga 25 16 11 Large
Enbridge EPZDE09 EN817-40 Adult, Quagga 20 12 8 Large
Enbridge EPZDE09 EN817-40 Adult, Quagga 19 11 7 Large
Enbridge EPZDE09 EN817-40 Adult, Quagga 13 8 4 Large
Enbridge EPZDE09 EN817-40 Adult, Quagga 15 9 5 Large
Enbridge EPZDE09 EN817-40 Adult, Quagga 9 5 3 Medium
Enbridge EPZDE09 EN817-40 Juvenile 6 4 2 Medium
Enbridge EPZDE09 EN817-40 Adult, Quagga 7 4 3 Medium
Enbridge EPZDE09 EN817-40 Juvenile 6 4 2 Medium
Enbridge EPZDE09 EN817-40 Juvenile 5 3 2 Medium
Enbridge EPZDE09 EN817-40 Juvenile 5 3 2 Medium
Enbridge EPZDE09 EN817-40 Juvenile 5 3 2 Medium
Enbridge EPZDE09 EN817-40 Juvenile 6 4 2 Medium
Enbridge EPZDE09 EN817-40 Juvenile 4 3 1 Small
Enbridge EPZDE09 EN817-40 Juvenile 5 2 1 Medium
Enbridge EPZDE09 EN817-40 Juvenile 5 3 1 Medium
Enbridge EPZDE09 EN817-40 Juvenile 4 3 1 Small
Enbridge EPZDE09 EN817-40 Juvenile 3 2 1 Small
Enbridge EPZDE09 EN817-40 Juvenile 3 2 1 Small
Enbridge EPZDT02 EN817-41 Adult, Quagga 25 14 9 Large
Enbridge EPZDT02 EN817-41 Adult, Quagga 27 15 10 Large
Enbridge EPZDT02 EN817-41 Adult, Quagga 26 15 11 Large
Enbridge EPZDT02 EN817-41 Adult, Quagga 17 11 7 Large
Enbridge EPZDT02 EN817-41 Adult, Quagga 27 15 9 Large
Enbridge EPZDT02 EN817-41 Adult, Quagga 8 5 3 Medium
Enbridge EPZDT02 EN817-41 Juvenile 4 3 1 Small
Enbridge EPZDT02 EN817-41 Juvenile 5 3 1 Medium
Enbridge EPZDT02 EN817-41 Juvenile 2 1 1 Small
Enbridge EPZDT02 EN817-41 Juvenile 5 3 1 Medium
Enbridge EPZDT02 EN817-41 Juvenile 3 2 1 Small
Enbridge EPZDT02 EN817-41 Juvenile 4 2 1 Small
Enbridge EPZDT02 EN817-41 Juvenile 3 2 1 Small
Enbridge EPZDT02 EN817-41 Juvenile 2 1 1 Small
Enbridge EPZDT02 EN817-41 Juvenile 3 2 1 Small
Enbridge EPZDT02 EN817-41 Juvenile 4 2 1 Small
Enbridge EPZDT02 EN817-41 Juvenile 4 2 1 Small
Enbridge EPZDT02 EN817-41 Juvenile 3 2 1 Small
Enbridge EPZDT02 EN817-41 Juvenile 4 2 1 Small
Enbridge EPZDT02 EN817-41 Juvenile 3 2 1 Small
Enbridge EPZDW10 EN817-42 Adult, Quagga 27 16 11 Large
Enbridge EPZDW10 EN817-42 Adult, Quagga 26 15 11 Large
Enbridge EPZDW10 EN817-42 Adult, Quagga 26 15 10 Large
Enbridge EPZDW10 EN817-42 Adult, Quagga 27 17 10 Large
Enbridge EPZDW10 EN817-42 Adult, Quagga 28 17 11 Large
Enbridge EPZDW10 EN817-42 Adult, Quagga 31 17 11 Large
Enbridge EPZDW10 EN817-42 Adult, Quagga 27 15 9 Large
Enbridge EPZDW10 EN817-42 Adult, Quagga 24 14 9 Large
Enbridge EPZDW10 EN817-42 Adult, Quagga 19 11 9 Large
Enbridge EPZDW10 EN817-42 Adult, Quagga 19 10 7 Large
Enbridge EPZDW10 EN817-42 Adult, Quagga 21 12 7 Large
Enbridge EPZDW10 EN817-42 Adult, Quagga 19 11 7 Large
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Enbridge EPZDW10 EN817-42 Adult, Quagga 20 13 8 Large
Enbridge EPZDW10 EN817-42 Adult, Quagga 17 11 6 Large
Enbridge EPZDW10 EN817-42 Adult, Quagga 20 12 7 Large
Enbridge EPZDW10 EN817-42 Adult, Quagga 14 9 6 Large
Enbridge EPZDW10 EN817-42 Adult, Quagga 15 9 5 Large
Enbridge EPZDW10 EN817-42 Adult, Quagga 13 7 4 Large
Enbridge EPZDW10 EN817-42 Adult, Quagga 7 4 3 Medium
Enbridge EPZDW10 EN817-42 Adult, Quagga 7 5 2 Medium
Enbridge EPZDW10 EN817-42 Juvenile 5 3 1 Medium
Enbridge EPZDW10 EN817-42 Juvenile 4 3 1 Small
Enbridge EPZDW10 EN817-42 Juvenile 5 3 1 Medium
Enbridge EPZDW10 EN817-42 Juvenile 3 2 1 Small
Enbridge EPZDW06 EN817-43 Adult, Quagga 21 12 9 Large
Enbridge EPZDW06 EN817-43 Adult, Quagga 26 15 12 Large
Enbridge EPZDW06 EN817-43 Adult, Quagga 25 16 9 Large
Enbridge EPZDW06 EN817-43 Adult, Quagga 14 9 6 Large
Enbridge EPZDW06 EN817-43 Adult, Quagga 7 4 2 Medium
Enbridge EPZDW06 EN817-43 Juvenile 6 4 2 Medium
Enbridge EPZDW06 EN817-43 Juvenile 3 2 1 Small
Enbridge WPZCSE09 EN817-45 Adult, Quagga 28 16 13 Large
Enbridge WPZCSE09 EN817-45 Adult, Quagga 30 18 12 Large
Enbridge WPZCSE09 EN817-45 Adult, Quagga 25 14 11 Large
Enbridge WPZCSE09 EN817-45 Adult, Quagga 34 17 13 Large
Enbridge WPZCSE09 EN817-45 Adult, Quagga 32 17 11 Large
Enbridge WPZCSE09 EN817-45 Adult, Quagga 26 15 9 Large
Enbridge WPZCSE09 EN817-45 Adult, Quagga 25 14 9 Large
Enbridge WPZCSE09 EN817-45 Adult, Quagga 29 17 11 Large
Enbridge WPZCSE09 EN817-45 Adult, Quagga 23 16 11 Large
Enbridge WPZCSE09 EN817-45 Adult, Quagga 27 17 11 Large
Enbridge WPZCSE09 EN817-45 Adult, Quagga 25 14 10 Large
Enbridge WPZCSE09 EN817-45 Adult, Quagga 28 15 10 Large
Enbridge WPZCSE09 EN817-45 Adult, Quagga 27 15 10 Large
Enbridge WPZCSE09 EN817-45 Adult, Quagga 23 14 8 Large
Enbridge WPZCSE09 EN817-45 Adult, Quagga 22 13 9 Large
Enbridge WPZCSE09 EN817-45 Adult, Quagga 24 14 9 Large
Enbridge WPZCSE09 EN817-45 Adult, Quagga 20 12 8 Large
Enbridge WPZCSE09 EN817-45 Adult, Quagga 28 15 10 Large
Enbridge WPZCSE09 EN817-45 Adult, Quagga 25 15 8 Large
Enbridge WPZCSE09 EN817-45 Adult, Quagga 24 14 9 Large
Enbridge WPZCSE09 EN817-45 Adult, Quagga 19 12 8 Large
Enbridge WPZCSE09 EN817-45 Adult, Quagga 19 11 5 Large
Enbridge WPZCSE09 EN817-45 Adult, Quagga 18 11 6 Large
Enbridge WPZCSE09 EN817-45 Adult, Quagga 17 11 7 Large
Enbridge WPZCSE09 EN817-45 Adult, Quagga 17 10 6 Large
Enbridge WPZCSE09 EN817-45 Adult, Quagga 12 8 4 Large
Enbridge WPZCSE09 EN817-45 Adult, Quagga 7 6 3 Medium
Enbridge WPZCSE09 EN817-45 Juvenile 6 5 2 Medium
Enbridge WPZCSE09 EN817-45 Adult, Quagga 8 5 2 Medium
Enbridge WPZCSE09 EN817-45 Juvenile 6 3 2 Medium
Enbridge WPZCSE09 EN817-45 Juvenile 6 3 2 Medium
Enbridge WPZCSE09 EN817-45 Juvenile 5 3 2 Medium
Enbridge WPZCSE09 EN817-45 Juvenile 5 3 2 Medium
Enbridge WPZCSE09 EN817-45 Juvenile 6 4 2 Medium
Enbridge WPZCSE09 EN817-45 Juvenile 6 4 2 Medium
Enbridge WPZCSE09 EN817-45 Juvenile 5 3 1 Medium
Enbridge WPZCSE09 EN817-45 Juvenile 3 2 1 Small
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Enbridge WPZCSE09 EN817-45 Juvenile 4 3 1 Small
Enbridge WPZCSE09 EN817-45 Juvenile 4 3 1 Small
Enbridge WPZCSW11 EN817-46 Adult, Quagga 24 13 10 Large
Enbridge WPZCSW11 EN817-46 Adult, Quagga 26 16 9 Large
Enbridge WPZCSW11 EN817-46 Adult, Quagga 27 18 10 Large
Enbridge WPZCSW11 EN817-46 Adult, Quagga 24 14 10 Large
Enbridge WPZCSW11 EN817-46 Adult, Quagga 23 15 9 Large
Enbridge WPZCSW11 EN817-46 Adult, Quagga 25 13 9 Large
Enbridge WPZCSW11 EN817-46 Adult, Quagga 22 13 10 Large
Enbridge WPZCSW11 EN817-46 Adult, Quagga 23 14 10 Large
Enbridge WPZCSW11 EN817-46 Adult, Quagga 23 13 9 Large
Enbridge WPZCSW11 EN817-46 Adult, Quagga 20 12 7 Large
Enbridge WPZCSW11 EN817-46 Adult, Quagga 16 9 7 Large
Enbridge WPZCSW11 EN817-46 Adult, Quagga 10 6 3 Medium
Enbridge WPZCSW11 EN817-46 Juvenile 4 3 2 Small
Enbridge WPZCSW11 EN817-46 Juvenile 4 3 1 Small
Enbridge WPZCSW11 EN817-46 Juvenile 3 2 1 Small
Enbridge WPZCSW11 EN817-46 Juvenile 3 2 1 Small
Enbridge WPZCST07 EN817-48 Adult, Quagga 26 14 9 Large
Enbridge WPZCST07 EN817-48 Adult, Quagga 29 16 11 Large
Enbridge WPZCST07 EN817-48 Adult, Quagga 28 14 9 Large
Enbridge WPZCST07 EN817-48 Adult, Quagga 27 16 11 Large
Enbridge WPZCST07 EN817-48 Adult, Quagga 29 17 12 Large
Enbridge WPZCST07 EN817-48 Adult, Quagga 25 14 9 Large
Enbridge WPZCST07 EN817-48 Adult, Quagga 28 15 9 Large
Enbridge WPZCST07 EN817-48 Adult, Quagga 29 17 12 Large
Enbridge WPZCST07 EN817-48 Adult, Quagga 26 14 9 Large
Enbridge WPZCST07 EN817-48 Adult, Quagga 27 15 9 Large
Enbridge WPZCST07 EN817-48 Adult, Quagga 30 17 12 Large
Enbridge WPZCST07 EN817-48 Adult, Quagga 29 15 10 Large
Enbridge WPZCST07 EN817-48 Adult, Quagga 18 10 7 Large
Enbridge WPZCST07 EN817-48 Adult, Quagga 14 8 6 Large
Enbridge WPZCST07 EN817-48 Adult, Quagga 10 7 4 Medium
Enbridge WPZCST07 EN817-48 Adult, Quagga 10 7 3 Medium
Enbridge WPZCST07 EN817-48 Adult, Quagga 8 4 2 Medium
Enbridge WPZCST07 EN817-48 Juvenile 6 3 2 Medium
Enbridge WPZCST07 EN817-48 Juvenile 6 3 2 Medium
Enbridge WPZCST07 EN817-48 Juvenile 6 4 2 Medium
Enbridge WPZCST07 EN817-48 Juvenile 6 4 2 Medium
Enbridge WPZCST07 EN817-48 Juvenile 5 3 2 Medium
Enbridge WPZCST07 EN817-48 Juvenile 5 4 2 Medium
Enbridge WPZCST07 EN817-48 Juvenile 6 3 1 Medium
Enbridge WPZCST07 EN817-48 Juvenile 4 3 1 Small
Enbridge WPZCST07 EN817-48 Juvenile 5 3 2 Medium
Enbridge WPZCST07 EN817-48 Juvenile 5 3 1 Medium
Enbridge WPZCST07 EN817-48 Juvenile 5 3 2 Medium
Enbridge WPZCST07 EN817-48 Juvenile 4 2 1 Small
Enbridge WPZCST07 EN817-48 Juvenile 4 3 1 Small
Enbridge WPZCST07 EN817-48 Juvenile 3 2 1 Small
Enbridge WPZCST07 EN817-48 Juvenile 3 2 1 Small
Enbridge WPZCST07 EN817-48 Juvenile 3 2 1 Small
Enbridge WPZCST07 EN817-48 Juvenile 4 2 1 Small
Enbridge WPZCST07 EN817-48 Juvenile 3 2 1 Small
Enbridge WPZCST07 EN817-48 Juvenile 4 3 1 Small
Enbridge WPZCST07 EN817-48 Juvenile 2 1 1 Small
Enbridge WPZCST07 EN817-48 Juvenile 4 3 2 Small
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Enbridge WPZCST07 EN817-48 Juvenile 3 2 1 Small
Enbridge WPZCST07 EN817-48 Juvenile 4 2 1 Small
Enbridge WPZCST07 EN817-48 Juvenile 3 2 1 Small
Enbridge WPZCST07 EN817-48 Juvenile 3 2 1 Small
Enbridge WPZCST07 EN817-48 Juvenile 3 1 1 Small
Enbridge WPZCST07 EN817-48 Juvenile 2 1 1 Small
Enbridge WPZCST07 EN817-48 Juvenile 3 2 1 Small
Enbridge WPZCST07 EN817-48 Juvenile 3 2 1 Small
Enbridge WPZCST07 EN817-48 Juvenile 4 2 2 Small
Enbridge WPZCST07 EN817-48 Juvenile 5 3 2 Medium
Enbridge WPZCST07 EN817-48 Juvenile 3 2 1 Small
Enbridge WPZCST07 EN817-48 Juvenile 3 2 1 Small
Enbridge WPZCST07 EN817-48 Juvenile 4 2 1 Small
Enbridge WPZCST07 EN817-48 Juvenile 3 2 1 Small
Enbridge WPZCST07 EN817-48 Juvenile 2 1 1 Small
Enbridge WPZCST07 EN817-48 Juvenile 2 1 1 Small
Enbridge WPZCST07 EN817-48 Juvenile 2 1 1 Small
Enbridge WPZCST07 EN817-48 Juvenile 2 1 1 Small
Enbridge WPZCST07 EN817-48 Juvenile 2 1 1 Small
Enbridge WPZCST07 EN817-48 Juvenile 4 2 2 Small
Enbridge WPZCST07 EN817-48 Juvenile 4 2 1 Small
Enbridge WPZCST07 EN817-48 Juvenile 3 2 1 Small
Enbridge WPZCST07 EN817-48 Juvenile 3 2 1 Small
Enbridge WPZCST07 EN817-48 Juvenile 2 1 1 Small
Enbridge WPZCSW03 EN817-49 Adult, Quagga 28 15 8 Large
Enbridge WPZCSW03 EN817-49 Adult, Quagga 26 15 8 Large
Enbridge WPZCSW03 EN817-49 Adult, Quagga 28 17 10 Large
Enbridge WPZCSW03 EN817-49 Adult, Quagga 27 14 11 Large
Enbridge WPZCSW03 EN817-49 Adult, Quagga 24 14 10 Large
Enbridge WPZCSW03 EN817-49 Adult, Quagga 23 13 7 Large
Enbridge WPZCSW03 EN817-49 Adult, Quagga 26 13 8 Large
Enbridge WPZCSW03 EN817-49 Adult, Quagga 26 16 8 Large
Enbridge WPZCSW03 EN817-49 Adult, Quagga 29 16 11 Large
Enbridge WPZCSW03 EN817-49 Adult, Quagga 22 14 10 Large
Enbridge WPZCSW03 EN817-49 Adult, Quagga 24 13 9 Large
Enbridge WPZCSW03 EN817-49 Adult, Quagga 26 14 8 Large
Enbridge WPZCSW03 EN817-49 Adult, Quagga 28 16 10 Large
Enbridge WPZCSW03 EN817-49 Adult, Quagga 29 18 12 Large
Enbridge WPZCSW03 EN817-49 Adult, Quagga 25 16 9 Large
Enbridge WPZCSW03 EN817-49 Adult, Quagga 9 6 3 Medium
Enbridge WPZCSW03 EN817-49 Adult, Quagga 26 15 8 Large
Enbridge WPZASE07 EN817-51 Adult, Quagga 11 6 3 Large
Enbridge WPZASW11 EN817-52 Adult, Quagga 21 12 9 Large
Enbridge WPZAST09 EN817-54 Adult, Quagga 24 13 10 Large
Enbridge WPZAST09 EN817-54 Adult, Quagga 22 12 9 Large
Enbridge WPZAST09 EN817-54 Juvenile 3 2 1 Small
Enbridge WPZAST09 EN817-54 Juvenile 2 1 1 Small
Enbridge EPZAST09 EN817-58 Adult, Quagga 22 13 11 Large
Enbridge EPZAST09 EN817-58 Adult, Quagga 28 16 12 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 25 14 9 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 28 14 10 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 23 12 9 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 24 13 10 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 26 15 12 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 28 16 12 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 25 15 9 Large
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Enbridge EPZASE08 EN817-59 Adult, Quagga 25 14 12 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 27 13 11 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 25 15 11 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 28 14 8 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 22 12 8 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 26 16 14 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 22 12 8 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 22 11 9 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 28 15 11 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 22 12 9 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 29 15 11 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 24 15 11 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 22 13 10 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 18 10 8 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 22 13 9 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 27 14 10 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 27 14 10 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 27 16 10 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 26 15 10 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 21 14 9 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 24 13 10 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 22 13 9 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 22 14 9 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 21 10 9 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 25 14 11 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 26 14 9 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 22 12 8 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 21 12 8 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 26 14 10 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 30 16 13 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 28 15 11 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 27 15 12 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 26 15 10 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 26 15 11 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 22 11 9 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 23 15 10 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 25 14 11 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 29 15 12 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 26 15 10 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 23 14 10 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 24 13 11 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 22 14 10 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 24 14 11 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 22 14 9 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 21 13 9 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 21 12 10 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 26 14 10 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 21 12 8 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 25 13 9 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 23 13 10 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 21 11 8 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 17 11 8 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 17 9 7 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 16 10 8 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 14 9 6 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 12 7 5 Large
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Enbridge EPZASE08 EN817-59 Adult, Quagga 10 6 4 Medium
Enbridge EPZASE08 EN817-59 Adult, Quagga 11 7 4 Large
Enbridge EPZASE08 EN817-59 Adult, Quagga 7 5 2 Medium
Enbridge EPZASE08 EN817-59 Adult, Quagga 10 7 4 Medium
Enbridge EPZASE08 EN817-59 Adult, Quagga 10 6 4 Medium
Enbridge EPZASE08 EN817-59 Adult, Quagga 10 5 3 Medium
Enbridge EPZASE08 EN817-59 Adult, Quagga 8 5 3 Medium
Enbridge EPZASE08 EN817-59 Adult, Quagga 7 4 3 Medium
Enbridge EPZASE08 EN817-59 Adult, Quagga 7 5 3 Medium
Enbridge EPZASE08 EN817-59 Juvenile 6 4 2 Medium
Enbridge EPZASE08 EN817-59 Juvenile 6 4 2 Medium
Enbridge EPZASE08 EN817-59 Juvenile 5 3 2 Medium
Enbridge EPZASE08 EN817-59 Juvenile 3 3 1 Small
Enbridge EPZASE08 EN817-59 Juvenile 4 2 1 Small
Enbridge EPZASE08 EN817-59 Juvenile 3 2 1 Small
Enbridge EPZASE08 EN817-59 Juvenile 4 3 1 Small
Enbridge EPZASE08 EN817-59 Juvenile 5 3 2 Medium
Enbridge EPZASE08 EN817-59 Juvenile 4 3 2 Small
Enbridge EPZASE08 EN817-59 Juvenile 5 3 1 Medium
Enbridge EPZASE08 EN817-59 Juvenile 4 2 1 Small
Enbridge EPZASE08 EN817-59 Juvenile 5 2 1 Medium
Enbridge EPZASE08 EN817-59 Juvenile 4 2 1 Small
Enbridge EPZASE08 EN817-59 Juvenile 4 2 1 Small
Enbridge EPZASE08 EN817-59 Juvenile 3 2 1 Small
Enbridge EPZASE08 EN817-59 Juvenile 2 1 1 Small
Enbridge EPZASE08 EN817-59 Juvenile 2 2 1 Small
Enbridge EPZASE08 EN817-59 Juvenile 2 1 1 Small
Enbridge EPZASE08 EN817-59 Juvenile 4 3 2 Small
Enbridge EPZASE08 EN817-59 Juvenile 2 1 1 Small
Enbridge EPZASW04 EN817-60 Adult, Quagga 27 15 11 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 25 14 13 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 28 17 12 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 25 15 10 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 21 13 9 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 21 14 10 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 22 13 11 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 26 15 10 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 30 17 11 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 29 16 12 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 29 18 13 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 26 14 10 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 24 15 10 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 25 14 9 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 25 15 11 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 22 12 10 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 24 14 10 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 26 16 11 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 21 12 9 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 24 13 11 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 24 13 10 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 25 15 12 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 20 12 9 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 23 13 10 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 21 11 10 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 27 15 11 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 21 12 12 Large
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Enbridge EPZASW04 EN817-60 Adult, Quagga 22 13 9 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 23 15 11 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 20 12 9 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 17 9 6 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 15 9 7 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 17 10 7 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 19 12 9 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 21 13 9 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 25 13 9 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 25 14 9 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 15 8 5 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 21 12 8 Large
Enbridge EPZASW04 EN817-60 Adult, Quagga 10 8 4 Medium
Enbridge EPZASW04 EN817-60 Adult, Quagga 10 7 3 Medium
Enbridge EPZASW04 EN817-60 Juvenile 6 4 3 Medium
Enbridge EPZASW04 EN817-60 Adult, Quagga 7 5 3 Medium
Enbridge EPZASW04 EN817-60 Adult, Quagga 7 5 3 Medium
Enbridge EPZASW04 EN817-60 Juvenile 6 4 2 Medium
Enbridge EPZASW04 EN817-60 Juvenile 5 3 2 Medium
Enbridge EPZASW04 EN817-60 Juvenile 4 2 1 Small
Enbridge EPZASW04 EN817-60 Juvenile 5 3 2 Medium
Enbridge EPZASW04 EN817-60 Juvenile 4 3 1 Small
Enbridge EPZASW04 EN817-60 Juvenile 4 2 1 Small
Enbridge EPZASW04 EN817-60 Juvenile 4 2 1 Small
Enbridge EPZASW04 EN817-60 Juvenile 2 1 1 Small
Enbridge EPZASW04 EN817-60 Juvenile 3 2 1 Small
Enbridge EPZASW04 EN817-60 Juvenile 3 2 1 Small
Enbridge EPZASW04 EN817-60 Juvenile 3 2 1 Small
Enbridge EPZASW04 EN817-60 Juvenile 3 2 1 Small
Enbridge EPZASW04 EN817-60 Juvenile 3 2 1 Small
Enbridge EPZASW04 EN817-60 Juvenile 2 2 1 Small
Enbridge EPZASW04 EN817-60 Juvenile 2 1 1 Small
Enbridge EPZASB01 EN817-61 Adult, Quagga 26 14 11 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 28 16 9 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 23 12 8 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 27 16 11 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 27 14 10 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 27 15 10 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 26 16 11 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 23 12 8 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 24 13 9 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 26 16 12 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 27 15 11 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 24 14 10 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 20 12 8 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 27 15 11 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 25 15 10 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 24 13 9 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 26 14 9 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 23 12 10 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 22 12 8 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 26 15 8 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 22 14 10 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 28 14 9 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 28 15 11 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 23 13 9 Large
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Enbridge EPZASB01 EN817-61 Adult, Quagga 19 10 7 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 17 10 6 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 20 10 7 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 21 13 9 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 16 9 7 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 15 8 6 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 16 9 6 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 17 9 7 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 17 10 6 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 15 6 4 Large
Enbridge EPZASB01 EN817-61 Adult, Quagga 10 5 3 Medium
Enbridge EPZASB01 EN817-61 Adult, Quagga 10 6 3 Medium
Enbridge EPZASB01 EN817-61 Adult, Quagga 10 6 4 Medium
Enbridge EPZASB01 EN817-61 Adult, Quagga 9 6 3 Medium
Enbridge EPZASB01 EN817-61 Adult, Quagga 9 5 3 Medium
Enbridge EPZASB01 EN817-61 Adult, Quagga 8 6 3 Medium
Enbridge EPZASB01 EN817-61 Adult, Quagga 7 5 2 Medium
Enbridge EPZASB01 EN817-61 Adult, Quagga 7 4 2 Medium
Enbridge EPZASB01 EN817-61 Adult, Quagga 9 4 2 Medium
Enbridge EPZASB01 EN817-61 Adult, Quagga 7 4 2 Medium
Enbridge EPZASB01 EN817-61 Juvenile 6 4 2 Medium
Enbridge EPZASB01 EN817-61 Juvenile 6 4 2 Medium
Enbridge EPZASB01 EN817-61 Juvenile 5 3 2 Medium
Enbridge EPZASB01 EN817-61 Juvenile 5 3 1 Medium
Enbridge EPZASB01 EN817-61 Juvenile 4 3 1 Small
Enbridge EPZASB01 EN817-61 Juvenile 5 3 1 Medium
Enbridge EPZASB01 EN817-61 Juvenile 4 3 2 Small
Enbridge EPZASB01 EN817-61 Juvenile 5 3 2 Medium
Enbridge EPZASB01 EN817-61 Juvenile 4 3 1 Small
Enbridge EPZASB01 EN817-61 Juvenile 3 2 1 Small
Enbridge EPZASW02 EN817-62 Adult, Quagga 31 18 13 Large
Enbridge EPZASW02 EN817-62 Adult, Quagga 25 13 8 Large
Enbridge EPZASW02 EN817-62 Adult, Quagga 27 15 11 Large
Enbridge EPZASW02 EN817-62 Adult, Quagga 27 15 10 Large
Enbridge EPZASW02 EN817-62 Adult, Quagga 26 14 10 Large
Enbridge EPZASW02 EN817-62 Adult, Quagga 22 12 9 Large
Enbridge EPZASW02 EN817-62 Adult, Quagga 25 14 9 Large
Enbridge EPZASW02 EN817-62 Adult, Quagga 27 15 11 Large
Enbridge EPZASW02 EN817-62 Adult, Quagga 25 15 10 Large
Enbridge EPZASW02 EN817-62 Adult, Quagga 22 12 9 Large
Enbridge EPZASW02 EN817-62 Adult, Quagga 26 14 10 Large
Enbridge EPZASW02 EN817-62 Adult, Quagga 23 12 9 Large
Enbridge EPZASW02 EN817-62 Adult, Quagga 23 13 9 Large
Enbridge EPZASW02 EN817-62 Adult, Quagga 21 12 8 Large
Enbridge EPZASW02 EN817-62 Adult, Quagga 23 13 9 Large
Enbridge EPZASW02 EN817-62 Adult, Quagga 20 11 8 Large
Enbridge EPZASW02 EN817-62 Adult, Quagga 21 11 10 Large
Enbridge EPZASW02 EN817-62 Adult, Quagga 23 14 9 Large
Enbridge EPZASW02 EN817-62 Adult, Quagga 24 13 10 Large
Enbridge EPZASW02 EN817-62 Adult, Quagga 21 13 9 Large
Enbridge EPZASW02 EN817-62 Adult, Quagga 21 12 8 Large
Enbridge EPZASW02 EN817-62 Adult, Quagga 21 12 9 Large
Enbridge EPZASW02 EN817-62 Adult, Quagga 21 13 9 Large
Enbridge EPZASW02 EN817-62 Adult, Quagga 21 12 8 Large
Enbridge EPZASW02 EN817-62 Adult, Quagga 19 11 7 Large
Enbridge EPZASW02 EN817-62 Adult, Quagga 18 10 6 Large
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Enbridge EPZASW02 EN817-62 Adult, Quagga 17 10 8 Large
Enbridge EPZASW02 EN817-62 Adult, Quagga 17 10 8 Large
Enbridge EPZASW02 EN817-62 Adult, Quagga 16 9 6 Large
Enbridge EPZASW02 EN817-62 Adult, Quagga 12 8 5 Large
Enbridge EPZASW02 EN817-62 Adult, Quagga 15 9 5 Large
Enbridge WPZDT08 EN817-66 Juvenile 6 4 2 Medium
Enbridge WPZDT08 EN817-66 Juvenile 4 3 1 Small
Enbridge WPZDT08 EN817-66 Juvenile 4 3 1 Small
Enbridge WPZDE11 EN817-67 Adult, Quagga 26 14 9 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 23 13 8 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 22 13 8 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 27 17 12 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 25 14 10 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 28 16 11 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 26 15 10 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 26 17 10 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 33 20 13 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 26 15 9 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 28 16 9 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 24 14 8 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 25 15 13 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 21 11 8 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 26 17 11 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 23 12 9 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 20 12 10 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 29 16 11 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 29 16 12 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 24 13 9 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 25 15 9 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 25 13 8 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 27 15 11 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 28 15 9 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 26 16 10 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 27 15 12 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 26 15 9 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 21 13 9 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 27 16 11 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 26 14 8 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 24 13 8 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 27 17 12 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 25 15 9 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 19 12 6 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 25 15 11 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 21 12 8 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 22 14 8 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 21 12 8 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 20 12 7 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 17 10 6 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 16 9 5 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 14 8 6 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 19 11 6 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 13 8 5 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 15 8 5 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 14 8 5 Large
Enbridge WPZDE11 EN817-67 Adult, Quagga 9 5 3 Medium
Enbridge WPZDE11 EN817-67 Adult, Quagga 11 6 4 Large
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Enbridge WPZDE11 EN817-67 Juvenile 6 5 2 Medium
Enbridge WPZDE11 EN817-67 Adult, Quagga 7 4 3 Medium
Enbridge WPZDE11 EN817-67 Adult, Quagga 7 4 3 Medium
Enbridge WPZDE11 EN817-67 Juvenile 6 4 3 Medium
Enbridge WPZDE11 EN817-67 Juvenile 5 3 2 Medium
Enbridge WPZDE11 EN817-67 Juvenile 5 3 2 Medium
Enbridge WPZDE11 EN817-67 Juvenile 6 4 2 Medium
Enbridge WPZDE11 EN817-67 Juvenile 5 3 1 Medium
Enbridge WPZDE11 EN817-67 Juvenile 5 3 1 Medium
Enbridge WPZDE11 EN817-67 Juvenile 5 3 1 Medium
Enbridge WPZDE11 EN817-67 Juvenile 6 3 2 Medium
Enbridge WPZDE11 EN817-67 Juvenile 4 3 1 Small
Enbridge WPZDE11 EN817-67 Juvenile 5 3 2 Medium
Enbridge WPZDE11 EN817-67 Juvenile 4 3 2 Small
Enbridge WPZDE11 EN817-67 Juvenile 4 2 1 Small
Enbridge WPZDE11 EN817-67 Juvenile 3 2 1 Small
Enbridge WPZDW09 EN817-68 Adult, Quagga 27 16 11 Large
Enbridge WPZDW09 EN817-68 Adult, Quagga 29 19 14 Large
Enbridge WPZDW09 EN817-68 Adult, Quagga 27 15 11 Large
Enbridge WPZDW09 EN817-68 Adult, Quagga 29 18 12 Large
Enbridge WPZDW09 EN817-68 Adult, Quagga 25 14 9 Large
Enbridge WPZDW09 EN817-68 Adult, Quagga 25 15 8 Large
Enbridge WPZDW09 EN817-68 Adult, Quagga 24 13 9 Large
Enbridge WPZDW09 EN817-68 Adult, Quagga 32 16 11 Large
Enbridge WPZDW09 EN817-68 Adult, Quagga 29 19 12 Large
Enbridge WPZDW09 EN817-68 Adult, Quagga 25 15 10 Large
Enbridge WPZDW09 EN817-68 Adult, Quagga 25 14 12 Large
Enbridge WPZDW09 EN817-68 Adult, Quagga 24 15 9 Large
Enbridge WPZDW09 EN817-68 Adult, Quagga 24 14 10 Large
Enbridge WPZDW09 EN817-68 Adult, Quagga 24 15 9 Large
Enbridge WPZDW09 EN817-68 Adult, Quagga 28 17 12 Large
Enbridge WPZDW09 EN817-68 Adult, Quagga 24 14 8 Large
Enbridge WPZDW09 EN817-68 Adult, Quagga 27 16 10 Large
Enbridge WPZDW09 EN817-68 Adult, Quagga 25 14 9 Large
Enbridge WPZDW09 EN817-68 Adult, Quagga 27 17 10 Large
Enbridge WPZDW09 EN817-68 Adult, Quagga 30 18 11 Large
Enbridge WPZDW09 EN817-68 Adult, Quagga 25 16 10 Large
Enbridge WPZDW09 EN817-68 Adult, Quagga 25 15 10 Large
Enbridge WPZDW09 EN817-68 Adult, Quagga 23 12 8 Large
Enbridge WPZDW09 EN817-68 Adult, Quagga 22 14 9 Large
Enbridge WPZDW09 EN817-68 Adult, Quagga 20 11 9 Large
Enbridge WPZDW09 EN817-68 Adult, Quagga 28 15 10 Large
Enbridge WPZDW09 EN817-68 Adult, Quagga 24 12 9 Large
Enbridge WPZDW09 EN817-68 Adult, Quagga 24 13 10 Large
Enbridge WPZDW09 EN817-68 Adult, Quagga 16 10 6 Large
Enbridge WPZDW09 EN817-68 Adult, Quagga 13 8 5 Large
Enbridge WPZDW09 EN817-68 Adult, Quagga 15 9 5 Large
Enbridge WPZDW09 EN817-68 Adult, Quagga 10 5 3 Medium
Enbridge WPZDW09 EN817-68 Juvenile 6 5 3 Medium
Enbridge WPZDW09 EN817-68 Adult, Quagga 7 5 3 Medium
Enbridge WPZDW09 EN817-68 Juvenile 6 4 2 Medium
Enbridge WPZDW09 EN817-68 Adult, Quagga 7 4 2 Medium
Enbridge WPZDW09 EN817-68 Adult, Quagga 7 4 2 Medium
Enbridge WPZDW09 EN817-68 Juvenile 5 3 2 Medium
Enbridge WPZDW09 EN817-68 Juvenile 4 2 1 Small
Enbridge WPZDW09 EN817-68 Juvenile 5 3 2 Medium
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Enbridge WPZDW09 EN817-68 Juvenile 5 3 1 Medium
Enbridge WPZDW09 EN817-68 Juvenile 3 2 1 Small
Enbridge WPZDW09 EN817-68 Juvenile 3 2 1 Small
Enbridge WPZDB05 EN817-69 Adult, Quagga 24 15 11 Large
Enbridge WPZDB05 EN817-69 Adult, Quagga 22 14 9 Large
Enbridge WPZDB05 EN817-69 Adult, Quagga 25 16 10 Large
Enbridge WPZDB05 EN817-69 Adult, Quagga 20 12 5 Large
Enbridge WPZDB05 EN817-69 Adult, Quagga 22 13 9 Large
Enbridge WPZDB05 EN817-69 Adult, Quagga 20 12 7 Large
Enbridge WPZDB05 EN817-69 Adult, Quagga 16 10 5 Large
Enbridge WPZDB05 EN817-69 Adult, Quagga 20 12 8 Large
Enbridge WPZDB05 EN817-69 Adult, Quagga 11 7 4 Large
Enbridge WPZDB05 EN817-69 Adult, Quagga 8 5 4 Medium
Enbridge WPZDB05 EN817-69 Adult, Quagga 8 5 3 Medium
Enbridge WPZDB05 EN817-69 Adult, Quagga 8 4 3 Medium
Enbridge WPZDB05 EN817-69 Juvenile 6 4 2 Medium
Enbridge WPZDE03 EN817-71 Adult, Quagga 28 15 9 Large
Enbridge WPZDE03 EN817-71 Adult, Quagga 31 17 11 Large
Enbridge WPZDE03 EN817-71 Adult, Quagga 27 16 10 Large
Enbridge WPZDE03 EN817-71 Adult, Quagga 25 14 9 Large
Enbridge WPZDE03 EN817-71 Adult, Quagga 29 15 11 Large
Enbridge WPZDE03 EN817-71 Adult, Quagga 27 14 11 Large
Enbridge WPZDE03 EN817-71 Adult, Quagga 26 15 11 Large
Enbridge WPZDE03 EN817-71 Adult, Quagga 28 17 11 Large
Enbridge WPZDE03 EN817-71 Adult, Quagga 26 15 10 Large
Enbridge WPZDE03 EN817-71 Adult, Quagga 29 16 11 Large
Enbridge WPZDE03 EN817-71 Adult, Quagga 24 14 9 Large
Enbridge WPZDE03 EN817-71 Adult, Quagga 29 16 10 Large
Enbridge WPZDE03 EN817-71 Adult, Quagga 32 16 11 Large
Enbridge WPZDE03 EN817-71 Adult, Quagga 29 16 10 Large
Enbridge WPZDE03 EN817-71 Adult, Quagga 23 15 12 Large
Enbridge WPZDE03 EN817-71 Adult, Quagga 25 15 9 Large
Enbridge WPZDE03 EN817-71 Adult, Quagga 22 14 11 Large
Enbridge WPZDE03 EN817-71 Adult, Quagga 24 14 11 Large
Enbridge WPZDE03 EN817-71 Adult, Quagga 26 15 10 Large
Enbridge WPZDE03 EN817-71 Adult, Quagga 25 14 8 Large
Enbridge WPZDE03 EN817-71 Adult, Quagga 25 13 10 Large
Enbridge WPZDE03 EN817-71 Adult, Quagga 21 11 8 Large
Enbridge WPZDE03 EN817-71 Adult, Quagga 22 12 9 Large
Enbridge WPZDE03 EN817-71 Adult, Quagga 19 13 8 Large
Enbridge WPZDE03 EN817-71 Adult, Quagga 25 14 9 Large
Enbridge WPZDE03 EN817-71 Adult, Quagga 17 10 7 Large
Enbridge WPZDE03 EN817-71 Adult, Quagga 11 7 5 Large
Enbridge WPZDE03 EN817-71 Adult, Quagga 12 8 5 Large
Enbridge WPZDE03 EN817-71 Adult, Quagga 9 6 3 Medium
Enbridge WPZDE03 EN817-71 Adult, Quagga 9 5 3 Medium
Enbridge WPZDE03 EN817-71 Adult, Quagga 7 4 2 Medium
Enbridge WPZDE03 EN817-71 Juvenile 6 4 2 Medium
Enbridge WPZDE03 EN817-71 Juvenile 6 3 2 Medium
Enbridge WPZDE03 EN817-71 Juvenile 5 3 2 Medium
Enbridge WPZDE03 EN817-71 Juvenile 6 3 2 Medium
Enbridge WPZDE03 EN817-71 Juvenile 4 3 2 Small
Enbridge WPZDE03 EN817-71 Juvenile 4 3 1 Small
Enbridge WPZDE03 EN817-71 Juvenile 5 3 2 Medium
Enbridge WPZDE03 EN817-71 Juvenile 5 3 2 Medium
Enbridge WPZDE03 EN817-71 Juvenile 4 3 1 Small
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Enbridge WPZDE03 EN817-71 Juvenile 4 3 1 Small
Enbridge WPZDE03 EN817-71 Juvenile 3 2 1 Small
Enbridge WPZDE03 EN817-71 Juvenile 2 2 1 Small
Enbridge WPZDE03 EN817-71 Juvenile 3 2 1 Small
Enbridge WPZDE03 EN817-71 Juvenile 4 2 1 Small
Enbridge WPZDE03 EN817-71 Juvenile 4 3 1 Small
Enbridge WPZDE03 EN817-71 Juvenile 4 2 1 Small
Enbridge WPZDE03 EN817-71 Juvenile 3 2 1 Small
Enbridge WPZDE03 EN817-71 Juvenile 4 3 1 Small
Enbridge WPZDE03 EN817-71 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 26 14 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 25 15 12 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 24 13 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 25 15 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 29 16 13 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 22 14 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 30 18 12 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 27 16 11 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 27 15 10 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 29 15 11 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 23 13 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 29 16 12 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 26 15 11 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 27 13 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 20 12 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 23 12 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 25 14 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 25 14 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 27 16 10 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 27 16 11 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 24 13 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 26 16 10 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 21 13 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 25 14 11 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 24 13 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 21 13 7 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 21 12 7 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 26 15 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 26 14 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 21 12 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 23 13 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 24 13 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 21 13 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 27 16 10 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 28 17 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 28 16 10 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 23 13 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 25 13 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 25 13 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 25 16 10 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 20 11 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 22 11 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 21 12 7 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 30 16 10 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 26 13 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 25 14 8 Large
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Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 29 14 10 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 27 16 10 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 25 13 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 27 15 10 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 27 16 11 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 24 14 10 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 26 15 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 26 15 10 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 23 13 7 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 25 13 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 24 15 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 22 13 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 23 15 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 24 14 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 26 14 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 26 14 11 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 31 18 10 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 24 13 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 25 14 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 22 13 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 26 16 10 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 23 13 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 30 16 11 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 22 12 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 24 15 10 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 20 11 6 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 23 13 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 27 14 11 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 27 17 10 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 25 14 11 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 21 11 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 27 16 12 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 25 14 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 26 15 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 30 17 12 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 26 14 10 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 23 13 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 23 13 10 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 29 18 13 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 28 16 11 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 22 14 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 22 13 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 21 12 7 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 18 10 7 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 26 15 10 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 29 15 12 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 29 15 10 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 21 11 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 26 15 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 23 13 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 26 15 10 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 20 12 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 24 15 10 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 24 14 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 21 13 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 21 12 9 Large
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Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 21 12 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 21 13 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 20 11 7 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 23 13 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 21 11 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 20 12 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 17 12 7 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 26 15 10 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 25 16 11 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 22 12 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 24 13 10 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 24 12 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 25 14 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 21 12 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 25 14 10 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 25 14 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 24 13 10 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 25 14 10 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 22 13 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 29 16 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 24 14 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 22 13 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 22 13 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 22 12 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 27 16 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 26 13 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 29 15 10 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 23 13 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 22 13 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 22 13 10 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 22 12 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 19 10 7 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 24 14 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 25 15 11 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 25 14 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 19 11 7 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 17 10 7 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 16 9 5 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 21 10 6 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 18 11 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 21 13 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 19 12 7 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 21 13 9 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 21 12 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 19 11 7 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 20 12 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 22 11 7 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 20 12 6 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 16 9 7 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 18 11 7 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 17 11 6 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 18 11 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 18 11 7 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 25 13 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 19 12 7 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 17 9 6 Large
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Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 18 10 6 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 21 11 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 21 11 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 18 11 7 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 17 10 6 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 18 11 6 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 16 9 6 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 17 10 7 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 17 10 7 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 18 11 7 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 19 11 8 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 16 10 7 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 19 10 6 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 17 10 6 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 16 9 6 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 17 9 6 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 18 10 7 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 18 10 7 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 16 10 6 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 16 9 6 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 17 10 6 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 15 9 6 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 15 9 5 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 17 10 6 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 19 10 6 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 18 9 6 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 16 9 6 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 17 9 5 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 16 9 5 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 15 8 5 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 16 8 6 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 17 11 6 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 14 8 6 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 17 10 6 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 17 10 7 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 15 8 5 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 16 9 6 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 13 7 5 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 14 8 5 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 13 8 5 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 15 9 5 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 15 9 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 14 8 5 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 13 8 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 14 7 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 13 7 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 13 8 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 17 10 6 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 14 7 5 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 15 9 5 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 14 8 5 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 14 9 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 15 8 5 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 14 9 5 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 12 7 5 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 12 7 4 Large
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>10 mm Large,            

5-10 mm Medium,         
<5 mm Small              

Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 14 8 5 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 12 8 5 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 13 8 5 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 11 6 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 17 10 7 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 13 8 5 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 15 8 6 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 14 8 5 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 12 6 3 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 12 7 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 12 7 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 11 6 3 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 15 9 5 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 13 8 5 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 12 7 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 12 7 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 12 7 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 13 8 5 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 13 7 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 13 7 5 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 11 6 3 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 14 8 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 11 6 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 12 8 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 12 7 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 11 7 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 11 6 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 11 6 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 11 7 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 10 6 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 10 6 4 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 11 7 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 10 6 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 10 6 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 12 7 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 12 7 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 11 7 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 10 7 4 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 10 7 4 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 11 6 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 11 8 5 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 11 7 5 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 5 4 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 11 8 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 12 7 5 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 11 6 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 10 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 10 7 4 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 11 7 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 10 6 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 10 6 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 10 6 4 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 12 6 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 10 7 4 Medium
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>10 mm Large,            

5-10 mm Medium,         
<5 mm Small              

Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 10 7 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 10 6 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 11 6 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 12 7 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 10 6 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 10 5 4 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 11 7 3 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 10 5 4 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 11 6 3 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 10 6 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 6 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 11 6 4 Large
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 6 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 6 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 10 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 10 6 4 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 5 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 10 7 4 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 7 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 7 4 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 4 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 4 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 4 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 10 6 4 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 4 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 4 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 5 3 Medium
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Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 4 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 4 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 4 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 6 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 6 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 4 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 4 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 4 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 5 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 6 4 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 4 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 3 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 4 3 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 4 3 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 5 4 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 9 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 4 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 3 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 3 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 5 3 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 5 3 Medium
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Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 1 Small
Enbridge 0907-WAOI1M EN817-72 juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 2 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
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Enbridge 0907-WAOI1M EN817-72 Juvenile 1 1 1 Small
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 5 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 8 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 2 Small
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 2 1 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 1 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 1 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 1 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 1 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 2 1 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small

REDACTED SUBMITTAL - PUBLIC COPY



Project Name Site Name GEI Log #
Identification Zebra, Adult, 

Quagga Adult, Juveniles, 
Fragment

Length 
(mm)

Width (mm) 
Widest part of 

shell

Width of 
base (mm)

Size Class (Quagga Only)   
>10 mm Large,            

5-10 mm Medium,         
<5 mm Small              

Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 5 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 1 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Adult, Quagga 7 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 1 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 1 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 2 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 2 1 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
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Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 2 1 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 3 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 2 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 1 Small
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Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 2 1 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 3 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 2 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 3 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 2 1 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 2 1 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 2 1 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 2 1 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 1 1 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 1 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 1 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 2 1 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 2 1 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 2 1 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 1 1 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 2 1 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 2 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 2 1 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 1 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
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Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 1 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 2 1 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 1 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 1 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 2 1 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 2 1 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 5 3 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 2 1 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 6 4 2 Medium
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 2 1 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 2 1 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 2 1 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 1 1 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
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Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 2 1 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 4 3 2 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 1 1 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 1 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 3 2 1 Small
Enbridge 0907-WAOI1M EN817-72 Juvenile 1 1 1 Small
Enbridge EPZCNT13 EN817-74 Adult, Quagga 25 14 9 Large
Enbridge EPZCNT13 EN817-74 Adult, Quagga 29 15 11 Large
Enbridge EPZCNT13 EN817-74 Adult, Quagga 32 18 11 Large
Enbridge EPZCNT13 EN817-74 Adult, Quagga 25 13 9 Large
Enbridge EPZCNT13 EN817-74 Adult, Quagga 27 14 9 Large
Enbridge EPZCNT13 EN817-74 Adult, Quagga 28 15 11 Large
Enbridge EPZCNT13 EN817-74 Adult, Quagga 22 13 9 Large
Enbridge EPZCNT13 EN817-74 Adult, Quagga 25 15 10 Large
Enbridge EPZCNT13 EN817-74 Adult, Quagga 24 13 9 Large
Enbridge EPZCNT13 EN817-74 Adult, Quagga 25 14 8 Large
Enbridge EPZCNT13 EN817-74 Adult, Quagga 27 15 9 Large
Enbridge EPZCNT13 EN817-74 Adult, Quagga 25 16 10 Large
Enbridge EPZCNT13 EN817-74 Adult, Quagga 28 15 10 Large
Enbridge EPZCNT13 EN817-74 Adult, Quagga 24 13 9 Large
Enbridge EPZCNT13 EN817-74 Adult, Quagga 23 13 9 Large
Enbridge EPZCNT13 EN817-74 Adult, Quagga 24 13 9 Large
Enbridge EPZCNT13 EN817-74 Adult, Quagga 23 13 9 Large
Enbridge EPZCNT13 EN817-74 Adult, Quagga 23 12 8 Large
Enbridge EPZCNT13 EN817-74 Adult, Quagga 24 13 10 Large
Enbridge EPZCNT13 EN817-74 Adult, Quagga 20 12 9 Large
Enbridge EPZCNT13 EN817-74 Adult, Quagga 23 14 9 Large
Enbridge EPZCNT13 EN817-74 Adult, Quagga 23 13 9 Large
Enbridge EPZCNT13 EN817-74 Adult, Quagga 8 5 3 Medium
Enbridge EPZCNT13 EN817-74 Juvenile 3 2 1 Small
Enbridge EPZCNE11 EN817-75 Adult, Quagga 27 17 9 Large
Enbridge EPZCNE11 EN817-75 Adult, Quagga 30 17 13 Large
Enbridge EPZCNE11 EN817-75 Adult, Quagga 29 15 11 Large
Enbridge EPZCNE11 EN817-75 Adult, Quagga 24 13 7 Large
Enbridge EPZCNE11 EN817-75 Adult, Quagga 29 17 11 Large
Enbridge EPZCNE11 EN817-75 Adult, Quagga 22 14 9 Large
Enbridge EPZCNE11 EN817-75 Adult, Quagga 22 12 10 Large
Enbridge EPZCNE11 EN817-75 Adult, Quagga 28 15 12 Large
Enbridge EPZCNE11 EN817-75 Adult, Quagga 25 15 12 Large
Enbridge EPZCNE11 EN817-75 Adult, Quagga 24 13 8 Large
Enbridge EPZCNE11 EN817-75 Adult, Quagga 24 13 9 Large
Enbridge EPZCNE11 EN817-75 Adult, Quagga 22 11 6 Large
Enbridge EPZCNW06 EN817-76 Adult, Quagga 24 13 8 Large
Enbridge EPZCNW06 EN817-76 Adult, Quagga 27 15 10 Large
Enbridge EPZCNW06 EN817-76 Adult, Quagga 33 18 12 Large
Enbridge EPZCNW06 EN817-76 Adult, Quagga 24 12 7 Large
Enbridge EPZCNW06 EN817-76 Adult, Quagga 28 15 11 Large
Enbridge EPZCNW06 EN817-76 Adult, Quagga 22 13 8 Large
Enbridge EPZCNW06 EN817-76 Adult, Quagga 21 12 7 Large
Enbridge EPZCNW06 EN817-76 Adult, Quagga 23 13 10 Large
Enbridge EPZCNW06 EN817-76 Adult, Quagga 27 15 8 Large
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Enbridge EPZCNW06 EN817-76 Adult, Quagga 27 15 10 Large
Enbridge EPZCNW06 EN817-76 Adult, Quagga 28 15 10 Large
Enbridge EPZCNW06 EN817-76 Adult, Quagga 25 12 9 Large
Enbridge EPZCNW06 EN817-76 Adult, Quagga 24 13 8 Large
Enbridge EPZCNW06 EN817-76 Adult, Quagga 26 14 9 Large
Enbridge EPZCNW06 EN817-76 Adult, Quagga 25 14 8 Large
Enbridge EPZCNW06 EN817-76 Adult, Quagga 24 13 11 Large
Enbridge EPZCNW06 EN817-76 Adult, Quagga 23 14 8 Large
Enbridge EPZCNW06 EN817-76 Adult, Quagga 26 14 11 Large
Enbridge EPZCNW06 EN817-76 Adult, Quagga 28 16 9 Large
Enbridge EPZCNW06 EN817-76 Adult, Quagga 27 14 11 Large
Enbridge EPZCNW06 EN817-76 Adult, Quagga 22 13 9 Large
Enbridge EPZCNW06 EN817-76 Adult, Quagga 23 14 8 Large
Enbridge EPZCNW06 EN817-76 Adult, Quagga 24 13 8 Large
Enbridge EPZCNW06 EN817-76 Adult, Quagga 19 11 8 Large
Enbridge EPZCNW06 EN817-76 Adult, Quagga 23 13 8 Large
Enbridge EPZCNW06 EN817-76 Adult, Quagga 16 11 7 Large
Enbridge EPZCNW06 EN817-76 Adult, Quagga 10 5 4 Medium
Enbridge EPZCNW06 EN817-76 Adult, Quagga 10 6 4 Medium
Enbridge EPZCNW06 EN817-76 Juvenile 5 3 2 Medium
Enbridge EPZCNW08 EN817-77 Adult, Quagga 26 15 8 Large
Enbridge EPZCNW08 EN817-77 Adult, Quagga 27 15 12 Large
Enbridge EPZCNW08 EN817-77 Adult, Quagga 26 13 9 Large
Enbridge EPZCNW08 EN817-77 Adult, Quagga 25 14 7 Large
Enbridge EPZCNW08 EN817-77 Adult, Quagga 27 14 10 Large
Enbridge EPZCNW08 EN817-77 Adult, Quagga 23 12 8 Large
Enbridge EPZCNW08 EN817-77 Adult, Quagga 22 12 8 Large
Enbridge EPZCNW08 EN817-77 Juvenile 4 2 1 Small
Enbridge EPZCNW03 EN817-78 Adult, Quagga 26 14 11 Large
Enbridge EPZCNW03 EN817-78 Adult, Quagga 26 13 11 Large
Enbridge EPZCNW03 EN817-78 Adult, Quagga 28 16 11 Large
Enbridge EPZCNW03 EN817-78 Adult, Quagga 23 13 9 Large
Enbridge EPZCNW03 EN817-78 Adult, Quagga 26 13 9 Large
Enbridge EPZCNW03 EN817-78 Adult, Quagga 24 15 13 Large
Enbridge EPZCNW03 EN817-78 Adult, Quagga 26 15 12 Large
Enbridge EPZCNW03 EN817-78 Adult, Quagga 31 18 11 Large
Enbridge EPZCNW03 EN817-78 Adult, Quagga 27 16 10 Large
Enbridge EPZCNW03 EN817-78 Adult, Quagga 27 15 11 Large
Enbridge EPZCNW03 EN817-78 Adult, Quagga 30 16 11 Large
Enbridge EPZCNW03 EN817-78 Adult, Quagga 29 16 12 Large
Enbridge EPZCNW03 EN817-78 Adult, Quagga 25 14 11 Large
Enbridge EPZCNW03 EN817-78 Adult, Quagga 27 15 10 Large
Enbridge EPZCNW03 EN817-78 Adult, Quagga 24 14 13 Large
Enbridge EPZCNW03 EN817-78 Adult, Quagga 22 13 8 Large
Enbridge EPZCNW03 EN817-78 Adult, Quagga 25 14 9 Large
Enbridge EPZCNW03 EN817-78 Adult, Quagga 26 16 8 Large
Enbridge EPZCNW03 EN817-78 Adult, Quagga 26 15 11 Large
Enbridge EPZCNW03 EN817-78 Adult, Quagga 14 9 6 Large
Enbridge EPZCNW03 EN817-78 Adult, Quagga 13 9 5 Large
Enbridge WPZBST11 EN817-79 Adult, Quagga 24 14 9 Large
Enbridge WPZBST11 EN817-79 Adult, Quagga 21 12 8 Large
Enbridge WPZBST11 EN817-79 Adult, Quagga 25 15 8 Large
Enbridge WPZBST11 EN817-79 Adult, Quagga 24 13 9 Large
Enbridge WPZBST11 EN817-79 Adult, Quagga 22 13 8 Large
Enbridge WPZBST11 EN817-79 Adult, Quagga 22 14 9 Large
Enbridge WPZBST11 EN817-79 Adult, Quagga 24 14 10 Large
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Enbridge WPZBST11 EN817-79 Adult, Quagga 22 13 11 Large
Enbridge WPZBST11 EN817-79 Adult, Quagga 23 13 10 Large
Enbridge WPZBST11 EN817-79 Adult, Quagga 23 12 8 Large
Enbridge WPZBST11 EN817-79 Adult, Quagga 20 12 8 Large
Enbridge WPZBST11 EN817-79 Adult, Quagga 25 14 9 Large
Enbridge WPZBST11 EN817-79 Adult, Quagga 24 15 11 Large
Enbridge WPZBST11 EN817-79 Adult, Quagga 22 13 8 Large
Enbridge WPZBST11 EN817-79 Adult, Quagga 24 12 9 Large
Enbridge WPZBST11 EN817-79 Adult, Quagga 24 15 10 Large
Enbridge WPZBST11 EN817-79 Adult, Quagga 25 14 10 Large
Enbridge WPZBST11 EN817-79 Adult, Quagga 24 12 10 Large
Enbridge WPZBST11 EN817-79 Adult, Quagga 19 11 7 Large
Enbridge WPZBST11 EN817-79 Adult, Quagga 22 12 8 Large
Enbridge WPZBST11 EN817-79 Adult, Quagga 22 13 7 Large
Enbridge WPZBST11 EN817-79 Adult, Quagga 22 12 8 Large
Enbridge WPZBST11 EN817-79 Adult, Quagga 20 12 7 Large
Enbridge WPZBST11 EN817-79 Adult, Quagga 17 10 7 Large
Enbridge WPZBST11 EN817-79 Adult, Quagga 21 11 8 Large
Enbridge WPZBST11 EN817-79 Adult, Quagga 16 9 6 Large
Enbridge WPZBST11 EN817-79 Adult, Quagga 17 10 6 Large
Enbridge WPZBST11 EN817-79 Juvenile 5 3 2 Medium
Enbridge WPZBST11 EN817-79 Juvenile 4 2 1 Small
Enbridge WPZBST11 EN817-79 Juvenile 4 2 1 Small
Enbridge WPZBST11 EN817-79 Juvenile 3 2 1 Small
Enbridge WPZBST11 EN817-79 Juvenile 3 2 1 Small
Enbridge WPZBST11 EN817-79 Juvenile 3 2 1 Small
Enbridge WPZBST11 EN817-79 Juvenile 1 1 1 Small
Enbridge WPZBST11 EN817-79 Juvenile 2 2 1 Small
Enbridge WPZBSE10 EN817-80 Adult, Quagga 27 17 11 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 27 17 10 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 22 13 9 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 27 14 8 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 29 16 10 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 24 13 11 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 25 15 9 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 28 16 11 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 24 13 8 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 20 12 8 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 24 15 9 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 23 13 9 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 21 11 7 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 22 12 9 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 26 14 10 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 26 15 10 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 24 14 10 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 25 12 9 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 30 18 11 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 24 14 9 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 23 14 10 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 22 12 8 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 23 12 9 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 20 11 6 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 26 16 10 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 23 13 8 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 23 14 9 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 24 13 8 Large
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Project Name Site Name GEI Log #
Identification Zebra, Adult, 

Quagga Adult, Juveniles, 
Fragment

Length 
(mm)

Width (mm) 
Widest part of 

shell

Width of 
base (mm)

Size Class (Quagga Only)   
>10 mm Large,            

5-10 mm Medium,         
<5 mm Small              

Enbridge WPZBSE10 EN817-80 Adult, Quagga 17 10 7 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 18 11 8 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 24 15 9 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 25 13 9 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 19 10 8 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 21 12 7 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 19 11 7 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 18 11 7 Large
Enbridge WPZBSE10 EN817-80 Adult, Quagga 10 6 4 Medium
Enbridge WPZBSE10 EN817-80 Adult, Quagga 8 5 3 Medium
Enbridge WPZBSE10 EN817-80 Juvenile 6 4 2 Medium
Enbridge WPZBSE10 EN817-80 Juvenile 6 4 2 Medium
Enbridge WPZBSE10 EN817-80 Juvenile 5 3 1 Medium
Enbridge WPZBSE10 EN817-80 Juvenile 4 3 2 Small
Enbridge WPZBSE10 EN817-80 Juvenile 4 3 1 Small
Enbridge WPZBSE10 EN817-80 Juvenile 4 3 2 Small
Enbridge WPZBSE10 EN817-80 Juvenile 4 2 1 Small
Enbridge WPZBSE10 EN817-80 Juvenile 4 2 1 Small
Enbridge WPZBSE10 EN817-80 Juvenile 3 2 1 Small
Enbridge WPZBSE10 EN817-80 Juvenile 4 2 1 Small
Enbridge WPZBSE10 EN817-80 Juvenile 4 2 1 Small
Enbridge WPZBSE10 EN817-80 Juvenile 3 2 1 Small
Enbridge WPZBSE10 EN817-80 Juvenile 2 2 1 Small
Enbridge WPZBSE10 EN817-80 Juvenile 1 1 1 Small
Enbridge WPZBSW14 EN817-81 Adult, Quagga 25 17 14 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 28 16 11 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 26 14 9 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 24 15 10 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 24 15 10 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 25 14 8 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 23 14 9 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 24 15 9 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 25 14 9 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 25 13 8 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 23 13 9 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 24 15 10 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 20 12 8 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 22 13 9 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 27 15 10 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 25 15 10 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 24 14 11 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 26 14 10 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 26 14 10 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 24 13 10 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 22 13 9 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 17 11 7 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 23 12 9 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 25 14 9 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 24 14 9 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 25 13 9 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 23 12 10 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 26 15 10 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 22 15 11 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 22 12 10 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 24 14 10 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 21 12 10 Large
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Project Name Site Name GEI Log #
Identification Zebra, Adult, 

Quagga Adult, Juveniles, 
Fragment

Length 
(mm)

Width (mm) 
Widest part of 

shell

Width of 
base (mm)

Size Class (Quagga Only)   
>10 mm Large,            

5-10 mm Medium,         
<5 mm Small              

Enbridge WPZBSW14 EN817-81 Adult, Quagga 21 12 8 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 23 15 9 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 21 13 9 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 24 13 9 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 21 12 9 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 24 14 9 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 23 13 9 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 22 13 8 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 24 15 10 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 22 13 9 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 21 11 8 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 21 12 8 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 19 11 8 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 12 7 4 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 11 6 4 Large
Enbridge WPZBSW14 EN817-81 Adult, Quagga 10 6 3 Medium
Enbridge WPZBSW14 EN817-81 Adult, Quagga 8 4 3 Medium
Enbridge WPZBSW14 EN817-81 Adult, Quagga 8 4 3 Medium
Enbridge WPZBSW14 EN817-81 Juvenile 6 3 2 Medium
Enbridge WPZBSW14 EN817-81 Juvenile 5 3 2 Medium
Enbridge WPZBSW14 EN817-81 Juvenile 5 3 2 Medium
Enbridge WPZBSW14 EN817-81 Juvenile 5 3 2 Medium
Enbridge WPZBSW14 EN817-81 Juvenile 5 3 2 Medium
Enbridge WPZBSW14 EN817-81 Juvenile 4 2 1 Small
Enbridge WPZBSW14 EN817-81 Juvenile 4 2 1 Small
Enbridge WPZBSW14 EN817-81 Juvenile 3 1 1 Small
Enbridge WPZBSW14 EN817-81 Juvenile 3 1 1 Small
Enbridge WPZBSW14 EN817-81 Juvenile 4 2 1 Small
Enbridge WPZBSB01 EN817-82 Adult, Quagga 29 17 12 Large
Enbridge WPZBSB01 EN817-82 Adult, Quagga 25 16 11 Large
Enbridge WPZBSB01 EN817-82 Adult, Quagga 27 17 10 Large
Enbridge WPZBSB01 EN817-82 Adult, Quagga 27 16 11 Large
Enbridge WPZBSB01 EN817-82 Adult, Quagga 26 15 10 Large
Enbridge WPZBSB01 EN817-82 Adult, Quagga 25 15 9 Large
Enbridge WPZBSB01 EN817-82 Adult, Quagga 29 15 10 Large
Enbridge WPZBSB01 EN817-82 Adult, Quagga 24 15 9 Large
Enbridge WPZBSB01 EN817-82 Adult, Quagga 24 13 10 Large
Enbridge WPZBSB01 EN817-82 Adult, Quagga 24 14 8 Large
Enbridge WPZBSB01 EN817-82 Adult, Quagga 27 16 10 Large
Enbridge WPZBSB01 EN817-82 Adult, Quagga 24 14 11 Large
Enbridge WPZBSB01 EN817-82 Adult, Quagga 24 14 11 Large
Enbridge WPZBSB01 EN817-82 Adult, Quagga 23 16 9 Large
Enbridge WPZBSB01 EN817-82 Adult, Quagga 23 16 9 Large
Enbridge WPZBSB01 EN817-82 Adult, Quagga 22 13 9 Large
Enbridge WPZBSB01 EN817-82 Adult, Quagga 20 12 8 Large
Enbridge WPZBSB01 EN817-82 Adult, Quagga 23 13 8 Large
Enbridge WPZBSB01 EN817-82 Adult, Quagga 22 13 8 Large
Enbridge WPZBSB01 EN817-82 Adult, Quagga 19 12 8 Large
Enbridge WPZBSB01 EN817-82 Adult, Quagga 17 10 8 Large
Enbridge WPZBSB01 EN817-82 Adult, Quagga 19 12 8 Large
Enbridge WPZBSB01 EN817-82 Adult, Quagga 19 11 7 Large
Enbridge WPZBSB01 EN817-82 Adult, Quagga 18 10 7 Large
Enbridge WPZBSB01 EN817-82 Adult, Quagga 18 10 7 Large
Enbridge WPZBSB01 EN817-82 Juvenile 5 3 2 Medium
Enbridge WPZBSB01 EN817-82 Juvenile 5 3 2 Medium
Enbridge WPZBSB01 EN817-82 Juvenile 5 3 2 Medium
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Project Name Site Name GEI Log #
Identification Zebra, Adult, 

Quagga Adult, Juveniles, 
Fragment

Length 
(mm)

Width (mm) 
Widest part of 

shell

Width of 
base (mm)

Size Class (Quagga Only)   
>10 mm Large,            

5-10 mm Medium,         
<5 mm Small              

Enbridge WPZBSB01 EN817-82 Juvenile 3 2 1 Small
Enbridge WPZBSB01 EN817-82 Juvenile 3 2 1 Small
Enbridge WPZBSB01 EN817-82 Juvenile 3 2 1 Small
Enbridge WPZBSB01 EN817-82 Juvenile 2 1 1 Small
Enbridge WPZBSB01 EN817-82 Juvenile 2 1 1 Small
Enbridge WPZBSE08 EN817-83 Adult, Quagga 28 17 10 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 27 16 10 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 29 17 13 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 26 13 10 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 25 15 10 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 27 15 11 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 25 14 11 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 25 15 10 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 28 16 11 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 26 14 10 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 24 15 10 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 21 13 9 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 23 13 10 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 23 13 9 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 27 16 9 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 25 14 10 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 25 15 10 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 25 15 9 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 23 13 9 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 27 16 10 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 21 11 8 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 21 13 10 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 22 12 9 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 22 13 9 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 27 16 11 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 26 15 11 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 27 13 9 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 28 16 11 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 28 15 9 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 24 14 10 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 28 15 10 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 28 16 11 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 26 16 11 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 26 15 10 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 26 12 9 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 25 13 11 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 25 14 10 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 25 14 10 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 22 13 10 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 21 11 8 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 22 13 8 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 22 13 9 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 24 14 8 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 23 13 9 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 16 10 8 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 14 7 5 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 13 7 4 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 13 8 5 Large
Enbridge WPZBSE08 EN817-83 Adult, Quagga 7 4 2 Medium
Enbridge WPZBSE08 EN817-83 Juvenile 6 4 2 Medium
Enbridge WPZBSE08 EN817-83 Juvenile 6 3 2 Medium
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Project Name Site Name GEI Log #
Identification Zebra, Adult, 

Quagga Adult, Juveniles, 
Fragment

Length 
(mm)

Width (mm) 
Widest part of 

shell

Width of 
base (mm)

Size Class (Quagga Only)   
>10 mm Large,            

5-10 mm Medium,         
<5 mm Small              

Enbridge WPZBSE08 EN817-83 Juvenile 6 3 2 Medium
Enbridge WPZBSE08 EN817-83 Juvenile 5 3 2 Medium
Enbridge WPZBSE08 EN817-83 Juvenile 4 3 1 Small
Enbridge WPZBSE08 EN817-83 Juvenile 3 2 1 Small
Enbridge WPZBSE08 EN817-83 Juvenile 3 2 1 Small
Enbridge WPZBSE09 EN817-84 Adult, Quagga 18 11 8 Large
Enbridge WPZBSE09 EN817-84 Adult, Quagga 17 10 8 Large
Enbridge WPZBSE09 EN817-84 Adult, Quagga 16 9 7 Large
Enbridge WPZBSE09 EN817-84 Adult, Quagga 17 10 8 Large
Enbridge WPZBSE09 EN817-84 Adult, Quagga 18 10 7 Large
Enbridge WPZBSE09 EN817-84 Adult, Quagga 18 10 8 Large
Enbridge WPZBSE09 EN817-84 Adult, Quagga 13 8 6 Large
Enbridge WPZBSE09 EN817-84 Adult, Quagga 12 9 5 Large
Enbridge WPZBSE09 EN817-84 Adult, Quagga 14 9 6 Large
Enbridge WPZBSE09 EN817-84 Adult, Quagga 11 7 3 Large
Enbridge WPZBSE09 EN817-84 Adult, Quagga 12 7 4 Large
Enbridge WPZBSE09 EN817-84 Adult, Quagga 12 7 4 Large
Enbridge WPZBSE09 EN817-84 Adult, Quagga 11 6 4 Large
Enbridge WPZBSE09 EN817-84 Adult, Quagga 12 8 4 Large
Enbridge WPZBSE09 EN817-84 Adult, Quagga 10 6 4 Medium
Enbridge WPZBSE09 EN817-84 Adult, Quagga 9 6 3 Medium
Enbridge WPZBSE09 EN817-84 Adult, Quagga 10 6 4 Medium
Enbridge WPZBSE09 EN817-84 Adult, Quagga 9 5 3 Medium
Enbridge WPZBSE09 EN817-84 Adult, Quagga 9 6 3 Medium
Enbridge WPZBSE09 EN817-84 Adult, Quagga 9 5 3 Medium
Enbridge WPZBSE09 EN817-84 Adult, Quagga 9 5 3 Medium
Enbridge WPZBSE09 EN817-84 Adult, Quagga 8 5 3 Medium
Enbridge WPZBSE09 EN817-84 Adult, Quagga 8 4 3 Medium
Enbridge WPZBSE09 EN817-84 Adult, Quagga 7 4 3 Medium
Enbridge WPZBSE09 EN817-84 Adult, Quagga 7 4 3 Medium
Enbridge WPZBSE09 EN817-84 Juvenile 6 4 3 Medium
Enbridge WPZBSE09 EN817-84 Juvenile 6 3 2 Medium
Enbridge WPZBSE09 EN817-84 Juvenile 5 2 3 Medium
Enbridge WPZBSE09 EN817-84 Juvenile 5 3 2 Medium
Enbridge WPZBSE09 EN817-84 Juvenile 5 3 2 Medium
Enbridge WPZBSE09 EN817-84 Juvenile 5 3 2 Medium
Enbridge WPZBSE09 EN817-84 Juvenile 5 3 2 Medium
Enbridge WPZBSE09 EN817-84 Juvenile 4 3 2 Small
Enbridge WPZBSE09 EN817-84 Juvenile 4 2 2 Small
Enbridge WPZBSE09 EN817-84 Juvenile 4 2 2 Small
Enbridge WPZBSE09 EN817-84 Juvenile 4 2 2 Small
Enbridge WPZBSE09 EN817-84 Juvenile 3 2 1 Small
Enbridge WPZBSE09 EN817-84 Juvenile 3 1 1 Small
Enbridge WPZBSE09 EN817-84 Juvenile 3 1 1 Small
Enbridge WPZBSE09 EN817-84 Juvenile 3 1 1 Small
Enbridge WPZBSE09 EN817-84 Juvenile 3 1 1 Small
Enbridge WPZBSE09 EN817-84 Juvenile 3 1 1 Small
Enbridge WPZBSE09 EN817-84 Juvenile 3 1 1 Small
Enbridge WPZBSE09 EN817-84 Juvenile 3 1 1 Small
Enbridge WPZBSE09 EN817-84 Juvenile 2 1 1 Small
Enbridge WPZBSE09 EN817-84 Juvenile 2 1 1 Small
Enbridge WPZBSE09 EN817-84 Juvenile 2 1 1 Small
Enbridge WPZBSE09 EN817-84 Juvenile 2 1 1 Small
Enbridge WPZBSE09 EN817-84 Juvenile 2 1 1 Small
Enbridge WPZBSE09 EN817-84 Juvenile 2 1 1 Small
Enbridge WPZBSE09 EN817-84 Juvenile 1 1 1 Small
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Project Name Site Name GEI Log #
Identification Zebra, Adult, 

Quagga Adult, Juveniles, 
Fragment

Length 
(mm)

Width (mm) 
Widest part of 

shell

Width of 
base (mm)

Size Class (Quagga Only)   
>10 mm Large,            

5-10 mm Medium,         
<5 mm Small              

Enbridge WPZBSE09 EN817-84 Juvenile 1 1 1 Small
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2017 East and West Pipeline Opportunistic Samples

Pipeline Site ID Sample ID
Depth 
Zone

Sample 
depth (ft)

Material Collected

E-AOI6 170905-EAOI6DC A 82 Presumed detached coating
E-AOI9 170906-EAOI9MOI A 82 Material of interest

E-AOI10 170906-EAOI10MOI A 77 Material of interest
E-AOI11 170824-EAOI11DC A 72 Presumed detached coating

E-AS2 EPZASW07CD A 75 see ATS 2018
W-AOI1 170907-WAOI1MOI D 234 Material of interest
W-AOI2 170907-WAOI2CD D 201 see ATS 2018
W-AOI5 170821-WAOI5DC A 100 Presumed detached coating

Table contents are represented in a north to south manner from top to bottom
"Study Zone" depth ranges (ft): A = 50 - 100; B = 100 - 150; C = 150 - 200; D = >200

East

West
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10515 Research Drive
Knoxville, TN 37932

STANDARD OPERATING PROCEDURE

Extraction of DNA from 
Environmental samples 

(Matrix—Soil, Water, BioFlo, Beads) 

SOP Number: MI SOP-DNAEXT

Revision Number: 1.2  

Effective Date: 

Revision Date: 

07/06/2010

04/12/2016 
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1.0 Purpose

The purpose of this standard operating procedure (SOP) is to describe the activities involved in the 
preparation, handling, documentation, and extraction of nucleic acids of samples collected from soil, water 
or BioFlo filters. 

2.0 Scope and Application 
The extraction process involves both chemical and mechanical lysis of cells to release chromosomal and 
plasmid nucleic acids.  After the extraction, Microbial Insights, Inc. (MI) uses these products in a variety of 
analyses.

3.0 Sample Collection, Preservation, and Holding Times
Samples should be collected in field following Microbial Insights, Inc. (MI) standard operating procedure for 
sample collection. All groundwaters will be filtered the day they arrive and extracted the same day of 
receipt.  If waters come in late a corrective action form will be filled out and the filters will be frozen at -20C 
until the remaining extraction process can be completed the following day.  All soils, solids and Bio-Flo 
filters will preferably be extracted the day samples arrive. If this is not possible, samples will be held at -20C 
until extractions can be completed.  DNA extracts will then be held at -20ºC for at least 1 year in case there 
is a need for additional analysis.

4.0 Equipmet and Supplies
• MO BIO Laboratories PowerLyzer PowerSoil DNA extraction kit (12855-S)
• Micropipetters (Gilson P-10, P-100, P-1000) and appropriate sterile tips (ART). [See pipet calibration

and maintenance in calibration log.]
• Sartorius AG Analytical scale, Model BP310. (Sartorius) [See scale calibration and maintenance in

calibration log]
• Sterile spatulas and transfer paper.
• Microcentrifuge Eppendorf model #5415D.
• MO BIO Vortex + Adaptor

5.0 Reagents
5.1 MO BIO PowerLyzer Glass Bead Tubes, 0.1mm 
5.2 MO BIO PowerLyzer PowerSoil Bead Solution 
5.3 MO BIO PowerLyzer PowerSoil Solution C1 
5.4 MO BIO PowerLyzer PowerSoil Solution C2 
5.5 MO BIO PowerLyzer PowerSoil Solution C3 
5.6 MO BIO PowerLyzer PowerSoil Solution C4 
5.7 MO BIO PowerLyzerPowerSoil Solution C5 
5.8 MO BIO PowerLyzer PowerSoil Solution C6 
5.9 MO BIO PowerLyzer PowerSoil Spin Filters (units in 2mL tubes) 
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5.10 MO BIO PowerLyer PowerSoil 2mL Collection Tubes 
5.11 1/10 Tris-EDTA (TE) 

6.0 Testing Procedure

6.1 Sample Preparation: 

6.1.1 Soil samples
Use a flame sterilized spatula to place 0.25 to 0.50g soil into the labeled PowerLyzer Glass 
Bead Tube. 

6.1.2 Water/filter samples 
Use flame sterilized tweezers to place the cut filter into the labeled PowerLyzer Glass Bead
Tube.

 6.1.3   Bead Samples 
Use flame sterilized tweezers to pick out 20 beads into the labeled PowerLyzer Glass Bead
Tube.

6.2 Extraction process 

6.2.1.  Prior to adding samples label 2ml bead tubes with sample name and number.  For every 
extraction set a blank tube must be labeled with the date and “x” to indicate this tube as the 
extraction blank for that set. For every full rack of extractions (15 samples) an extraction 
blank is performed.  Add samples as described in sample preparation section.  Next add
750µL of Bead Solution to the Glass Bead Tube.

6.2.2 Check Solution C1.  If Solution C1 is precipitated, heat solution to 60°C until dissolved 
before use.  Add 60µl Solution C1 to PowerLyzer Glass Bead Tube.  Place Glass Bead
Tubes onto the MO BIO Vortex Adapter at maximum speed for 10 minutes. 

6.2.3 While tubes are vortexing, label 1 spin filter tube for each sample as well as the blank and 
4- 2ml tubes for each sample and blank with sample name and number. Be sure that the 
final tube is labeled legibly with the entire sample name as this is the final tube in the 
process and will be used for long term storage. To the first tube, add 250µL Solution C2.  
To the second, add 200µL of Solution C3. Shake Solution C4 to mix and add 1200µl to the 
third tube. 

6.2.4 After removing Bead Tubes from Vortex, place them in the centrifuge at 10,000 x g for 1 
minute.  Note:  Do not exceed 10,000 x g or tubes may break. For clay soils, you may need 
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to centrifuge the tubes longer to pellet all the debris and obtain maximal supernatant.  
Centrifuge for 3 minutes at 10,000 x g for clay soils or if your soil is not completely pelleted 
after 30 seconds. 

6.2.5 Transfer the supernatant to the 2ml tube containing Solution C2.  Vortex the tube for 5 
seconds and place it at 4ºC for 5 minutes. 

6.2.6 Place tubes in the centrifuge at 10,000 x g at room temperature for 1 minute. 

6.2.7 Transfer all of the supernatant to the tube containing Solution C3, being careful not to 
disturb the pellet.  Vortex for 5 seconds and incubate at 4°C for 5 minutes. 

6.2.8 Centrifuge at room temperature for 1 minute at 10,000 x g. 

6.2.9 Being careful not to disturb the pellet, transfer up to, but not more than, 750µL of the 
supernatant to a clean Collection Tube containing solution C4. Mix well. 

6.2.10 Load approximately 675µL onto a Spin Filter and centrifuge at 10,000 x g for 1 minute.  
Discard the flow through and add an additional 675µL of supernatant to the Spin Filter and
centrifuge at 10,000 x g for 1 minute.  Repeat with the remaining supernatant.  (A total of 
three loads for each sample processed are required.) 

6.2.11 Add 500µL of Solution C5 and centrifuge at room temperature for 1 minute at 10,000 x g. 
6.2.12 Discard flow through and centrifuge again at room temperature for 1 minute at 10,000 x g. 
6.2.13 Transfer the filter a clean, labeled 2mL Collection tube.  Add 100µls of 1/10 TE directly to 

the center of the filter.   Spin at 10,000 x g for 1 minute.  For soil samples, spin at 10,000 x 
g for 3 minutes.  Check tube to be sure that there are 100µls of eluted DNA then discard 
the filter.   Store the extracted DNA at 4ºC for up to 6 months.  Transfer to -20ºC for long 
term storage.  
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7.0 Quality Control 

7.0 An extraction blank is processed with each extraction set to ensure no cross contamination of 
samples or solutions. 

7.1 Ongoing calibration checks and maintenance of the instruments must be documented in the 
appropriate logbook. 

7.2 The Laboratory Director has the responsibility to ensure that this procedure is performed by an 
employee who has been properly trained in accordance to MI SOP Train and has the required 
experience to process the samples.  

7.3 All deviations from this SOP must be documented in a Nonconformance Report (NCR) or an 
equivalent system (i.e., database). 

7.4 A tiered system of verification, consisting of two levels with successive checks performed by 
different people.  This approach should include (at a minimum) 100% review by the analyst and a 
100% verification review by a technically qualified supervisor.  The final review will verify that the 
data package is complete. 

8.0 Laboratory Sample Folders

Extraction date, extraction volume, technician initials, and DNA kit information for each sample will be 
logged in at the time of extraction in the worksheet attached in each sample folder. 

9.0  Document Corrections 

Changes or corrections on any laboratory documentation will be made by crossing out the erroneous item 
with a single line and writing the new information above the crossed-out item. The person correcting the 
information should initial and date the correction. The original entry, although erroneous, must remain 
legible beneath the cross-out line. All information will be recorded using black or blue indelible ink. 
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1.0 Purpose

The purpose of this standard operating procedure (SOP) is to describe the activities involved in the 
preparation, handling, documentation, and analysis of samples collected from a variety of matrices (water, 
soil, bio-traps, etc) to enumerate target populations using quantitative Real-Time polymerase chain reaction 
or qPCR.

2.0 Scope and Application

Quantitative Real-Time polymerase chain reaction (qPCR) is used to enumerate target populations of
microorganisms. Microbial Insights, Inc. (MI) uses qPCR to target organisms associated with the 
remediation of a multitude of priority pollutants as well as organisms important for microbial source tracking, 
and microbial induced corrosion.

3.0 Sample Collection, Preservation, and Holding Times

Samples are collected following the standard operating procedure developed by Microbial Insights, Inc (MI).  
DNA extraction and RNA extraction are performed following the extraction standard operating procedure 
developed by Microbial Insights, Inc. DNA is stored in 1/10 Tris-EDTA(TE) at 4ºC while RNA is stored in 
reagent specific to RNA extraction protocol at -80ºC after cDNA is prepared. RNA samples are converted 
to cDNA following (SOP-RNA ext) prior to the quantitative PCR analysis.

4.0 Equipment and Supplies

• 96-well plate, 384 well plate (Life Technologies).
• Micropipettes (Gilson P-10, P-100, P-1000) and Eppendorf, and appropriate sterile tips (ART). [see 

calibration listed in calibration log]
• Applied Biosystems SDS 7000 or 7300 instrument, Life Technologies QuantStudio instrument. [see 

calibration listed in calibration log]
• Sterile 0.5ml thin wall  strip tubes and optical clear caps (Life Technologies)

5.0 Reagents and Positive Controls

5.1 FastTAQ or Universal TaqMan DNA polymerase and master mix for Taqman assays (Life
Technologies)

5.2 Power SYBR for SYBR Green assays
5.3 Sterile filtered (0.2mM) nanopure, organic-free, deionized water.
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5.4 Forward and Reverse primers/Probe: these are gene/assay specific (IDT Technologies primers, 
Life Technologies FAM probes).  See notes section for primer handling.  Final concentration of 
probe and primers: 300 nmol/reaction or adjusted as needed for each primer set. Probes are only 
used in Taqman assays.

5.5 Positive and Negative Control DNA: Positive DNA is either purchased from ATCC, synthesized 
from IDT, or extracted and purified in-house from pure isolates.  The amount of DNA used in all 
assays is 2µl. For negative controls, water is added in place of template DNA.

5.6 10X Cloned Pfu Reaction Buffer for SYBR green assays (Stratagene)
5.7 MgCl2 Stock Solution (25mM-Roche) for SYBR green assay
5.8 DNTP’s (40mM-Roche)
5.9 Pfu Turbo Hotstart DNA Polymerase (Stratagene)

5.10 SYBR green (1:30,000 dilutions, Molecular Probes)

6.0 Procedure

6.1Preparation of Stock Primer

6.1.1 It is necessary to re-suspend and dilute the primers (IDT Technologies) before use in the PCR
reaction.  This procedure is done when new primers are received and both working stocks and 
solution stocks should be prepared at this time.  The label on the tube will provide the
concentration.

6.1.2 To the stock tube, aseptically add 1ml of sterile 1X TE buffer and vortex the tube for 1 minute 
to re-suspend the primer. Centrifuge for 1 minute at 14,000 rpm to remove any solution from 
the lid then allow the tube to sit at room temperature for 5 minutes to ensure complete
dissolution. This provides the solution stock. 

6.1.3 To make the working stock to be used in each reaction, add the amount of nanomoles of the 
stock solution (listed on the stock tube) to a clean 1.5ml tube and bring this volume up to 1ml 
with sterile 1X TE buffer.

6.2Mixing Reagents-Taqman Assays

6.2.1 Prepare a master mix including the appropriate amounts of each of the following: PCR water,
Taqman Universal PCR mix, Primers (forward and reverse) and Probe. The appropriate 
amounts are listed in the MI master mix sheets prepared for each primer/probe combination.

6.2.2 Add 20µls of master mix to each well of the 96 well plate, 384 well plate, or strip tube. Add
2µls of template DNA/cDNA to the appropriate wells.   Add 2µls of positive control DNA to the 
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appropriate wells. Add 2uls of PCR water to the negative control wells. Follow MI SOP Robot 
for set up of reaction plates.

6.2.1 Spin the plate in the centrifuge at 3000 rpm for 3 minutes to be sure all mix is in the bottom of 
the tube and that no bubbles are present.

6.2.2 The plate of samples is then placed in either the ABI QuantStudio (384-well or 96-well) or
7300.  The conditions of each assay will vary depending upon the primer/probe combination.

6.2.3 Upon completion of the run, export the data to an Excel worksheet and upload to LIMS which 
will determine the number of target molecules, using an equation derived from standard curves 
of known numbers of target molecules. 

6.2.4 Standard curves are developed from a serial dilution of a known concentration of the positive 
control organism.  At least 4 dilutions will be used for each curve and the R2 of each equation 
must be at least 0.95.

6.3 Mixing Reagents-SYBR green Assays

6.3.1 Prepare a master mix including the appropriate amounts of each of the following ingredients:
PCR water, Taqman Universal, PCR Primers (forward and reverse), 10X Cloned Pfu 
Reaction Buffer, MgCl2 Stock Solution, DNTP’s, Pfu Turbo Hotstart DNA Polymerase, and 
Power SYBR green. Mix the appropriate amounts are listed in the excel sheets prepared for 
each primer combination.

6.3.2 Add 20µls of master mix to each well of the 96 well plate, 384 well plate, or strip tube. Add
2µls of template DNA/cDNA to the appropriate wells.   Add 2µls of positive control DNA to the 
appropriate wells. Add 2uls of PCR water to the negative control wells. Follow MI SOP Robot 
for set up of the reaction plate.

6.3.3 Spin the plate in the centrifuge at 3000 rpm for 3 minutes to be sure all mix is in the bottom of 
the tube and that no bubbles are present.

6.3.4 The plate of samples is then placed in either the ABI Quant Studio or 7300 following the 
conditions specific for the assay of interest.

6.3.5 Upon completion of the run, export the data to an Excel worksheet, then determine the number 
of target molecules, using an equation derived from standard curves of known numbers of 
target molecules. The standard curves are developed from a serial dilution of a known 
concentration of the positive control organism.  At least 4 dilutions will be used for each curve 
and the R2 of each equation must be at least 0.95.
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7.0 Quality Control

7.1 For quality control of the amplification process, positive and negative controls are always 
performed. The positive control must have a CT value +/- 20% of the known CT in order to meet 
the acceptance criteria.  Corrective action rerun assay and check reagents.  The extraction blank 
from each set is also amplified to ensure no cross contamination of samples or solutions during the 
extraction process.

7.2 Ongoing calibration checks and maintenance of the instruments must be documented in the 
appropriate logbook.

7.3 The Laboratory Director has the responsibility to ensure that this procedure is performed by an 
employee who has been properly trained in its use and has the required experience to process the 
samples.

7.4 All deviations from this SOP must be documented in a Nonconformance Report (NCR) or using an 
equivalent system (i.e., database).

8.0 Analytical Report

8.1 All data regarding quantities are entered into a data report using the laboratory information 
management systems (LIMS).

8.2 All documentation pertinent to a project will be placed in the “project folder” identified with the 
unique LIMS Project number.  Hardcopy records, data sheets, and soft copy reports will be stored 
for a period of three years.

9.0 Document Corrections

Changes or corrections on any laboratory documentation will be made by crossing out the erroneous item 
with a single line and initialing (by the person performing the correction) and dating the correction. 
The original item, although erroneous, must remain legible beneath the cross-out line. The new information 
should be written clearly above the crossed-out erroneous item.  All information will be recorded using 
black or blue indelible ink.
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Daily summary of Line 5 biota sampling activities 

9/8/17 

� Docks at 0625, safety discussion
� Objectives are to continue biota sampling. Weather: clear, breezy
� Started additional APB/SRB blanks using tap water and distilled water (from unopened gallon).

Consistent with yesterday’s blanks, water was poured directly over APB/SRB swabs.
� Biota + designated AOI site sampling (ITP/Enbridge site ID E-AOI1,B1,S3). AOI , AOI

Long  Biota site Lat  Biota site Long 
� 10 total samples collected: one pair from AOI, one pair from undisturbed area adjacent to AOI, and

three pairs from biota site area. No holiday observed but AOI samples still retained for analysis as
this AOI was at a designated biota sampling site.

� Rubber tip of coating thickness gauge fell off during dive and backup gauge didn’t function so a
second dive had to be conducted to finish thickness measures.

� Three, small patches of whitish material were observed in the vicinity of the AOI during inspection.
The material was not collected.

� Processed samples on barge during diver decompression.
� Generated additional APB/SRB blanks per conversation with MP, KK, SK, RH. Each type of blank was

generated in duplicate and are as follows:
o Nitrile glove blank – Distilled water (from same gallon used for blanks a few hours ago) was

poured directly over gloved hand and collected into palm area. APB/SRB swabs were
immersed in the water collected in the palm area.

o Atmospheric blank – APB/SRB swabs were waved around for a 10 second interval inside the
pop-up ice shanty that all APB/SRB tests have been prepared in.

o Lake bottom water blank – The Niskin water sampler was attached to the tool crib (as with
previous lake bottom water blanks) and water was collected from lake bottom at ~129’,
nearby W-AOI4,S7,B3. Once back at the surface, water was drained from the sampler onto
APB/SRB swabs.

o Lake surface water blank – a pre-cleaned, wide-mouth, 32 oz. poly bottle was taped to a
piece of steel. The bottle was rinsed several times at the surface of the lake, then immersed
to a depth of approximately 2’, after which it was brought to the barge and cut off from the
steel rod. APB/SRB swabs were immersed directly into the bottle for approximately 10
seconds.

� Another APB/SRB blank will be generated tomorrow morning so that check times will be consistent
with other blanks. The blank will be taken by rinsing Distilled water inside a pre-cleaned, unused,
sample container that was part of the original batch of sampling containers produced by Ballard at
the start of the biota field effort. APB/SRB swabs will be immersed in the water held inside the
sample container for approximately 10 seconds. This blank will also be collected in duplicate.

� Biota + designated AOI site sampling (ITP/Enbridge site ID W-AOI4,S7,B3). – Note: in several
instances, the ID for a given site has been displayed inconsistently on the screen. Site IDs in this
document are recorded directly from the ID that is displayed on the screen, hence any
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inconsistencies may be herein as well. AOI Lat  AOI Long  Biota site Lat 
 Biota site Long   

� 12 samples were collected in total and circumference measurements were taken. Paired AOI
samples plus four pairs of samples from the biota area.

� Observation – additional CP readings are currently being taken at E-AOI5. This AOI was cleaned for
inspection on 9/6/17 and accumulation of biota has already taken place. Video taken by Ballard and
snapshots were taken via ROV and biota is clearly visible on the cleaned off areas. The biota appears
to primarily be biofilm, sediment, and particulate matter – no mussels were observed.

� Pulling anchors at E-AOI5 at 1800 hrs.

9/7/17 

� Docks at 0630, safety discussion
� Objectives are to continue biota sampling – most of the remaining sites are in deeper water and

may require multiple dives to complete.
� Weather: partly cloudy, breezy
� Biota + designated AOI site sampling (ITP/Enbridge site ID W-AOI1,B1,S4). AOI Lat 

AOI Long . Biota site Lat Biota site Long 
� Paired samples collected from AOI, four sets of paired samples collected from biota area for a total

of 12 samples.
� Samples processed on barge during diver decompression.
� Duplicate APB/SRB sample run with sample WPZDE07.
� Two of the samples designated for DNA extraction by Microbial Insights will likely have insufficient

mass.
� Second diver had to obtain circumference measures due to bottom time limitations. Measurements

taken approximately 1220.
� Additional APB/SRB blanks run –water was poured directly onto test kit swab as compared to

previous equipment blanks in which water was poured onto equipment then the wetted equipment
was swabbed. Additional blanks will also be started tomorrow.

� AOI sampling site (west leg, ITP/Enbridge AOI site ID W-AOI2). AOI Lat  AOI Long
 

� Paired samples proactively collected per workplan modifications. No holiday was observed so
samples will be disposed of per MDNR permit.

� “Whitish” material was observed near the AOI. Diver obtained some and deposited it into ziploc bag.
Sample ID was 170907-WAOI2CD and was run for APB/SRB and will be sent to GEI lab for
holding/further analysis.

� Pulling anchors at second site at 1715 hrs, back to fieldhouse at 1915 hrs.
� Finished sample processing, sample shipment prep, chain of custody paperwork, scanning and

backing up of field notes, photos, etc. at fieldhouse.

9/6/17 
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� Docks at 0620, safety discussion
� Breezy in morning, chance we could get blown out but will try to sample
� Objective was to sample AOI sites
� AOI sampling site (east leg, ITP/Enbridge AOI site ID E-AOI8). AOI Lat  AOI Long

 
� Paired samples proactively collected, disposed of per MDNR permit as holiday was not observed.
� AOI sampling site (east leg, ITP/Enbridge AOI site ID E-AOI9). AOI Lat  AOI Long

� Paired samples proactively collected, disposed of per MDNR permit as holiday was not observed.
Diver brought up some material collected the lake bed (not from pipeline). Material was referred to
as Material of Interest – APB/SRB tests were run and material will be sent to GEI until determination
made on what to do with the sample. Sample ID was 170906-EAOI9MOI.

� AOI sampling site (east leg, ITP/Enbridge AOI site ID E-AOI10). AOI Lat , AOI Long
 

� Paired samples proactively collected, disposed of per MDNR permit as holiday was not observed.
Small amount of material pulled up by diver during inspection. Looked to be thicker than Material of
Interest collected on 8/19/17 so was tested for APB/SRB and will be sent to GEI lab until
determination is made on what to do with the sample. Sample ID was 170906-EAOI10MOI.

� AOI sampling site (east leg, ITP/Enbridge AOI site ID E-AOI5). AOI Lat  AOI Long
 

� Paired samples proactively collected, disposed of per MDNR permit as holiday was not observed.
� Diver pointed out two small areas that looked different that rest of AOI – one was “whitish” –

thickness readings taken on at both areas with both resulting in readings of 100+.
� Pulling anchors at 1500 hrs. Possibly moving to an AOI site on west leg.
� AOI sampling, site (west leg, ITP/Enbridge AOI site ID W-AOI6). AOI Lat  AOI Long

� Paired samples proactively collected, disposed of per MDNR permit as holiday was not observed.
� Pulling anchors ~1645.

9/5/17 

� At docks 0750 – delayed start due to barge transit from Cheboygan
� Safety discussion 0800
� AOI + Biota site sampling (east leg, AOI site 7 – ITP/Enbridge ID: E-AOI7,S8,B3). AOI Lat

 AOI Long  Paired samples collected there and kept for analysis. Biota site
Lat  Biota site Long  Eight samples collected at biota site and biota
measurements (circumference) also taken as pipeline was in span here. Note that during sample
processing, sample container #12 was lost when it slipped out of RH’s hands during attempted
transfer to mesh bag. This sample was from the AOI site and was designated for SRB/APB and DNA
extraction by Microbial Insights. It is highly unlikely there would have been enough mass for DNA
extraction as the AOI was essentially devoid of biota. APB/SRB tests were run on the paired sample
that was taken 6” away so there should be no overall loss of data.
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� YSI multi-parameter probe deployed (attached to tool crib holding sample containers) at this site. 
Results for a suite of parameters (e.g., DO, temp, pH, etc.) were collected for use in evaluating water 
chemistry at depth. Did not have enough time to get probe set up for second site but depth was 
generally the same so data from the first site of the day should be applicable to the second site.  

� Slid barge to adjacent AOI site 
� AOI site (east leg, AOI site 6 – ITP/Enbridge ID: E-AOI6). AOI Lat AOI Long 

Paired samples proactively collected per workplan modifications. No holiday was 
observed so samples to be disposed of per MDNR permit requirements.  

� Note that a sample presumed to be outer coating was brought up by the diver from this site. It was 
very similar in appearance to the “dislodged coating” collected previously so was labeled as such. 
Sample ID was 170905-EAOI6DC. APB/SRB tests were run and the sample will be shipped to GEI’s 
ecological lab for evaluation of attached biota. 

� Had to cease operations after this site as winds climbed over 30 knots, precluding use of the crane.  
� Discussed with Matt P. the generation of an APB/SRB summary. 
� Back at fieldhouse ~1650 hrs, finished processing samples and other end of day tasks (CoC prep, 

sample shipment prep, backup of photos, field data sheets, field notebook pages, etc.) 

9/4/17 

� Mobilization to Straits and gear prep for tomorrow’s presumed sampling 

8/30/17 

� Docks @ 0630, safety discussion.  
� Objective per Chris to finish inspection of “abandoned cable”. Visibility was hampered towards end 

of last dive yesterday so needed to verify that cable work had been completed. Then biota sampling. 
� Discussed with Chris the desire to obtain more of the apparent calcium material that had been 

transferred to ATS for evaluation. 
� Emails re: sample tracking sheet modifications; phone discussions with SK re: biota tasks remaining 

and estimated number of dive and weather days left.  
� Pulled anchors at cable site ~1200 
� AOI site (east leg, AOI site 3 – ITP/Enbridge ID: E-AOI3). AOI Lat 4  AOI Long 

Paired samples proactively collected per workplan modifications. No holiday was 
observed so samples disposed of per MDNR permit requirements.  

� Slid barge over to adjacent AOI site.  
� AOI site (east leg, AOI site 4 – ITP/Enbridge ID: E-AOI4). AOI Lat AOI Long 

Paired samples proactively collected per workplan modifications. No holiday was 
observed so samples disposed of per MDNR permit requirements.  

� Checked APB/SRB tests.  
� Pulling anchors at E-AOI4 at 1700 hrs. 
� Weather turned in the afternoon – winds picked up, patchy precipitation in area. Unclear whether 

or not tomorrow will be a work day.   
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� Subsequently found out barge moving to Cheboygan tonight due to incoming weather so no biota
sampling Thursday.

� Also briefed on potential for biota sampling to not resume on 9/5 as originally thought. Unclear as to
when it might resume.

8/29/17 

� Docks @ 0630, safety discussion.
� Objective per Chris is to continue ROV investigation of “abandoned cable” with hopes of getting to

biota sampling after inspection. Unclear as to extent of remaining “abandoned cable” inspection.
� Weather: humid and calm in a.m., potential for rain today/tomorrow.
� Two dives for cable inspection (~0930-1445 hrs), pulled anchors ~1600 hrs.
� 1700 hrs pre-dive ROV inspection of AOI + biota site.
� Biota + designated AOI site sampling (west leg, Zone A south – ITP/Enbridge ID: W-AOI7,S8,B4):

AOI lat AOI long Biota site Lat Biota site Long

� 10 samples total; paired samples from AOI and undisturbed area plus 6 samples from biota site.
Bottom of pipe not accessible (significant amounts of sand, bottom buried, sides partially buried).

� Mussels were sparse throughout general area and all samples contained relatively little biota.
� Discussed uncertainty as to how much further time may be needed for investigation of the cable.

Per Chris, a dive will be done at the cable location tomorrow morning and biota sampling will be
resumed after that. So unclear how many biota sites may be able to be sampled Wednesday.

� Discussions re: presumed calcium sample from last week. Per discussion, sample has been shipped
to Ann Arbor Technical Services (Ann Arbor, MI) and will arrive Thursday.

� Water sample collected at lake bed on Saturday, 8/26 returned positive for APB. No presence of
SRB’s thus far but sample still has to run another couple of days.

8/28/17 

� Docks @ 0630, safety discussion.
� Investigating “abandoned cable” via ROV. Determined that no biota sampling would be conducted

during the day so GEI biologists (DK and SK) and GK (ITP) were transported back to Straits Docks.
� Arrived @ Straits Docks ~1430 hours
� Paperwork and emails

8/27/17 

� Weather day
� Checked APB/SRB tests on barge 2x, paperwork, emails re: upcoming sampling, issue with cable that

was discovered at end of day Saturday. GEI has not been officially briefed on what the cable was/is.

8/26/17 
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� Docks @ 0630, left dock ~0650. Weather sunny, calm in a.m. Slight breeze in p.m., highs in upper 
60’s.  

� Small craft advisory for Sunday and extending into Monday morning, may preclude working Sunday.  
� Quotes received for water chemistry monitoring probe yesterday, late afternoon. Have not received 

authorization to place rental order for probe as of yet.  
� SK joined GEI crew today and will stay on through Monday, 8/28.  
� Biota + designated AOI site sampling (east leg, Zone D – ITP/Enbridge ID: E-AOI-2,S-4,B-2): AOI Lat 

AOI Long  Biota site Lat Biota site Long  
� 10 total samples; paired samples from AOI and undisturbed area plus 6 samples from biota site. 

Bottom of pipe was not accessible.  
� Note: unclear whether dashes and commas are being utilized consistently in Enbridge and/or ITP 

site identification nomenclature. GEI logging Enbridge/ITP site ID’s on field data sheets as shown on 
dive log. May need to reconcile/make consistent ID’s after conclusion. 

� Samples processed on barge during anchors up and moving to next site 
� During transit discussed collection of water sample at pipeline depth to start to address discussion 

had with MP yesterday. Sampler rigged up on sampler box and would be triggered by diver at 
bottom. Water sample would be utilized as a “Lake bed water blank” for APB/SRB to evaluate 
APB/SRB presence in comparison to tap water and lake surface water blanks. Discussed with Trish 
and Brad (Enbridge) and Gary. Believe Gary’s notes might be referring to the blanks as “control” 
samples.  

� Biota + designated AOI site sampling (west leg, Zone C south – ITP/Enbridge ID: W-AOI3-S6-B2): 
AOI Lat AOI Long Biota site Lat Biota site Long 

10 total samples; paired samples from AOI and undisturbed area plus 6 samples from 
biota site. Bottom of pipe was not accessible.  

� Prior to sampling there was a discussion relative to the rate at which biota circumference 
measurements were being taken. Currently, circumference measures are being taken at only 
approximately 50% of the locations that were targeted for measurements. This is primarily due to 
the bottom of the pipeline being buried, close to buried, or “trenched” at randomly selected 
sampling locations. Possible outcome could be that force/drag/stress calculations may have greater 
degree of uncertainty if biota circumference measures are generated at a lower than anticipated 
rate. Per Trish, communication with Enbridge was to proceed as in the workplan – in other words, 
do not change approach in order to increase circumference measurement counts.   

� Diver out of water approximately 1525 hours, pulling anchors ~1535 hours. Samples processed on 
barge during diver decompression and anchor pulling.  

� Final sample processing, CoC forms, documentation backup, etc. at fieldhouse. Next sample 
shipment will be on Monday due to no shipping capabilities Sunday.  

8/25/17 

� 0600 - Prepared sample shipments and transferred them to MET for UPS/FedEx drop-off.  
� Docks at 0630, safety discussion 0635 
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� Biota sampling (west leg, Additional Site 1 – [W-AS1]): Lat Long This 
was site we attempted sampling yesterday morning but could not due to swift currents.  

� ROV inspection revealed multiple apparent calcium growths/deposits similar in appearance to what 
was observed yesterday at E-AS2.  

� Paired samples collected, one pair directly over two of the apparent calcium deposits, the other pair 
in an undisturbed area approximately 3 feet to the north.  

� As observed before, mussels were sparse in the vicinity of the additional site features (the apparent 
calcium deposits), but were heavy in undisturbed areas in close proximity to the additional site.  

� Samples processed on deck; vast majority of mussels observed in samples were live. 
Biofilm/periphyton sample collected on top of apparent calcium deposit that is to be sent to 
Microbial Insights contained very little mass/volume. It is unclear if they will have enough material 
to extract DNA.  

� Depth at sample area was 196’ so multiple dives (3) had to be made to finish taking CP/coating 
thickness measures at the multiple apparent calcium deposit areas. Diver #3 still in water at 1530 
hours. Per conversation with Trish, appears that bare pipe was observed under at least some of the 
calcified areas that were more closely inspected during dives 2 and 3.  

� APB/SRB test checks, positive results observed for tap water and lake water blanks started Tuesday. 
Email sent to team related to this.  

� Subsequent discussion with MP: will conduct APB/SRB blank test using distilled water, also discussed 
potential to identify relevant water chemistry data for Straits or if water chemistry data could be 
generated in conjunction with biota sampling at some of the sites yet to be sampled. 

� Quotes for rental of water chemistry multi-probes were requested from vendors as were quotes for 
water chemistry.  

� Collection of water samples and/or water chemistry measurements via ROV were discussed with 
Chris Bauer.  

� Tentative plan for tomorrow is to take advantage of the calm weather and attempt to sample one of 
the deep (200+ feet) biota + Area of Interest sites. This would likely take an entire day given 
decompression stops, decompression chamber logistics, and multiple tasks required at such sites 
(biota sampling, potential biota thickness measures, potential CP and coating thickness measures, 
etc.).  

8/24/17 

� Docks at 0630, safety discussion 0640 
� Deep dive was planned but once anchored it was discovered that current was too swift for ROV 

operation and likely safe diving so moved to east leg, zone A south. 
� Anchored at East leg, zone A south, Additional Site #2. General area disturbed via previous anchor 

work so little biota in general area. Paired samples collected but subsequently determined (during 
dive) that the incorrect location was being sampled. Samples were disposed of per MDNR permit.  

� Biota sampling (east leg, Additional Site 2 – [E-AS2]): Lat Long Ballard 
re-evaluated previous video footage and determined that target additional site was within 50 ft of 
GPS coordinates. Paired samples taken at presumed feature at Additional Site #2. Area was closely 
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inspected following sampling and an apparent “calcium deposit” was discovered approximately 3 
feet from where paired samples were taken. Bare pipe (a holiday) was presumed to be under the 
calcium as Gary felt the calcium would accumulate on bare pipe that has cathodic protection. Thus, 
after discussion with Dave Stafford, Gary (ITP), Trish, etc. the decision was made to keep (and 
analyze) the samples collected as they were collected very close to the presumed holiday and the 
biota observed in the vicinity of the calcium deposit and sample collection area was consistent.  

o Attempts made to sample the calcium deposit. A few fragments were collected and tested 
for APB/SRB. They’ll also be sent to GEI lab for holding until decision is made on what to do 
with them. Thought was that if more is wanted then Ballard can collect it when coating 
repairs are made at that site.  

� Key issue that arose again is that it is very difficult to confirm/verify the exact location of the specific 
feature(s) at an Area of Interest (or in this case an Additional Site) as biofilm/periphyton/particulate 
matter is covering the pipe. Thus, confirmation sometimes cannot be made until the area has been 
closely inspected and cleaned off.  

� Biota sampling (east leg, zone A south, Area of Interest 11 [E-AOI11]): Lat  Long 
Paired samples proactively collected. Holiday not found/observed so samples to be 

disposed of per MDNR permit.  
� Dislodged coating sample collected by diver and, consistent with previous dislodged coating sample, 

was evaluated for APB/SRBs and sent to GEI ecological lab for biota evaluation though there was 
very little biota attached. The coating will be saved at GEI until determination can be made on what 
to do with it. Dislodged coating sample ID is 170824-EAOI11DC (date-east leg, area of interest 11, 
dislodged coating).  

8/23/17 

� Weather day due to sustained high winds 
� APB/SRB test checks 
� Paperwork, gear prep 

8/22/17 

� Weather day today due to storms and high winds 
� Weather day has also been called for tomorrow, 8/23 due to sustained high winds (30+ knots). This 

makes the 4th weather day.  
� Checked APB/SRB tests on barge, also started “control” APB/SRB tests using tap water and lake 

water to investigate as to whether or not test kit process could be impacting APB/SRB results 
� Prepared and shipped samples to GEI lab and Microbial Insights 
� Received confirmation that GPS coordinates will be used to navigate ROV to Areas of Interest and 

Additional Sites 
� Resupply of gear; emails and phone conversations 

8/21/17 
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� Arrived at docks 0625; safety discussion 0640, including discussion of inclement weather. 
� Objectives today are additional biota site (6-8 samples around pipe; biota thickness measures if pipe 

is in span) sampling and potentially sampling at an Area of Interest in afternoon if time allows.  
� Weather: humid, a.m. temps in 60’s, overcast, chance of precipitation.  
� Discussion with Trish (Enbridge) re: inspection of Areas of Interest and Additional Sites following 

sample collection. GEI understanding as per discussions/actions on Tuesday, August 21st, was that 
Areas of Interest and Additional Sites would be cleaned by the diver following sample collection to 
comply with workplan text (Section 3.5.1) that “Special attention will be given to any areas where 
Biota have been disturbed and Areas of Interest. Those areas will be closely inspected by the diver(s) 
allowing for additional video footage to be collected of those areas for further review.” Trish to 
discuss with her colleagues.  

� Discussion: we may not know the exact position of the Area of Interest on the pipeline. Data from 
paired biota sampling at the pipeline will be used to evaluate any potential differences in biota 
accumulation within Areas of Interest versus outside Areas of Interest. If a Holiday is found prior to 
sampling then paired samples should be collected from the holiday area as per protocol. If a holiday 
is not found prior to sampling then Area of Interest biota samples should be collected from a 
position on the pipeline in which biota is present to enable comparison of biota biomass at Areas of 
Interest versus proximal non-Areas of Interest.  

� Biota site: West leg, Zone C north. 8 samples + circumference measurements.  
� Biota site: West leg, Zone B north. Pipeline “trenched” so bottom could not be sampled. Attempts 

were made to get circumference measures but tape measure couldn’t be wrapped around without 
disturbing side of pipeline so circumference measure attempts were abandoned. Full agreement on 
this from ITP, Enbridge, etc.  

� AOI site: West leg, Zone A south. ITP ID for this site: W-AOI5. No holiday found so samples disposed 
of per MDNR permit.  

� “Dislodged coating” was sampled during the AOI inspection. The appearance was somewhat 
consistent with the material of interest we have been seeing but was much thicker. ITP, Enbridge, 
etc. concurred that it should be treated as dislodged coating. As such, APB/SRB tests were 
performed. The sample ID assigned was 170821-WAOI5DC.  

o Note: clarification is sought on where today’s dislodged coating sample plus the sample of 
material of interest collected early last week should be sent to. Discussed this with Trish and 
she is following up with Enbridge. The dislodged coating sample had biota attached to some 
pieces and could be sent to GEI lab first then held for Enbridge, if desired. The material of 
interest sample had no biota attached. Samples will be refrigerated in the interim.  

� Pulled anchors at ~1630 hours; back to dock 1800 hrs. Processing samples, etc. at fieldhouse.  
� Note: per discussion with Gary; Chris Bauer (Ballard) is expecting that Zone D biota sites that 

coincide with an Area of Interest will take an entire day to complete. He is currently projecting 10-12 
more work days, which would push end date of effort into September.  

8/20/17 

� Arrived at docks, 0625; safety discussion 0640. 

REDACTED SUBMITTAL - PUBLIC COPY



� Biota site: East leg, zone D – deep dive (non-AOI site).  
� Bottom of pipe partially buried/not accessible so 6 total samples. Mussel density heavy, multiple 

layers of biota but little/no periphyton and/or macrophytes due to depth of pipeline (sampled at 
229 feet).  

� APB/SRB samples checked (been doing this daily since start) and photographed. O.B. (ITP) and Gary 
(ITP) observed checking of APB/SRB test tubes. O.B. also observed processing of samples from this 
biota site.  

� Moved into vicinity of next biota site ~1300 hrs.  
� Biota site: West leg, zone D – deep dive (non-AOI site).  
� Bottom of pipe partially buried/not accessible so 6 total samples. Mussel density heavy, multiple 

layers of biota present. Sampled depth was 245’.  
� ROV arrived at random number-generated site and it was in what appeared to be a disturbed area. 

A grout bag was very close and the top of the pipe had significantly fewer mussels. A discussion was 
had with Gary, Luke, Trish, Chris, and RH. Agreement that what was observed at intended sampling 
location was consistent with the description of a disturbed area in the pipeline. Hence, the ROV 
maneuvered until a presumably undisturbed area was located (was approximately 11’ from original 
intended sampling site) which served as the sampling location.  

� It should be noted that disturbances to the pipeline, particularly those that are not recent, may be 
difficult to conclusively determine from appearance alone given that zebra and quagga mussels 
naturally exhibit “patchy” distribution. Therefore, mussel distribution alone should not be the lone 
factor in determining if an area is “disturbed”. Multiple sources of information such as survey data 
from Ballard, observation of grout bags, recent anchors, etc. should be used in conjunction.  

� Note that water temperature data from the backup ROV (video feed from primary ROV is still down) 
is not consistent with thermometer mounted on dive bell. Temperature on the ROV has been higher 
(5-10 degrees F higher).  

� Obtained Site ID scheme from Gary and will create a spreadsheet with the ITP’s Site ID’s to facilitate 
efficient cross-referencing with GEI sample IDs.  

� Pulling anchors at second biota site at 1630 hrs 
� Chain of custody forms, sample shipment forms, bagging ice, photo, etc. backup at fieldhouse 

8/19/17 

� Arrived at docks 0625; safety discussion 0640.  
� Discussion with Chris, Luke, Trish, and Gary that biota only sites (6-8 samples around the pipeline) 

with no Areas of Interest would be pursued today given ongoing discussion about Figures 2 and 3. 
� Biota site: East leg, zone A north was first site. Pipeline buried so 6 samples total. Mussel 

colonization heavy.  
� Note that material of interest similar to what was observed previously (believe on Wednesday, 

8/16/17) was found at this site during post-sampling inspection by diver. Diver bagged some of it 
and it will be held until determination is made on what to do with it. The material is very thin and 
brittle, with little/no biota attached. Some of it was also found in biota samples. Discussion was held 
with Gary, Luke, etc. and determined that this material doesn’t represent “dislodged coating” (see 
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Section 3.5.3.3 of workplan) due to how thin and flaky it is. The material of interest collected by the 
diver did not have any mussels or periphyton on it, precluding APB/SRB testing of biota in 
accordance with section 4.3 of the workplan. Also note that APB/SRB testing is being conducted on 
the biota samples collected from the pipeline, some of which contain the material of interest. 

� Biota site: East leg, zone B north. Pipeline buried so 6 samples total. Mussel colonization moderate 
but close to sparse. Consensus was reached on moderate though. Significant sand deposition on 
east side of pipeline and some on top. West side of pipeline at randomly-selected location had very 
little attached material.  

� Discussed sand deposition with Gary, Trish, Luke, etc. and consensus was that protocol will be 
carried out as per workplan. As such, some of the samples will contain considerable amounts of 
sand.  

� Biota site: West leg, zone A north. Pipeline not buried so 8 samples taken. 6 o’clock position not 
safely/efficiently accessible so bottom samples collected ~7 o’clock- 8 o’clock range (this was agreed 
upon by Gary, Luke, etc.). 

� Video feed down on primary ROV so backup ROV being used for this dive. GPS coordinates at site 
taken from diver who had a GPS transponder affixed to tank.  

� Minimal mass/volume on some samples. Will still send all samples per protocol. Labs have been 
notified that some samples will contain little sample mass/volume.  

� Wet weight masses of samples for GEI lab will be taken at fieldhouse since balance cannot be used 
on barge due to vibration.  

� Field data sheets, etc. scanned at fieldhouse and backed up, photos transferred and backed up 
� Gear resupply for Sunday sampling; additional equipment (nitrile gloves, etc.) ordered 
� Samples will be prepared for shipment on Monday morning given no shipments available on Sunday.  

8/18/17  

� Weather day, no sampling.  
� Discussed via email and phone the issue of Figures 2 and 3 and how the icons for AOIs and 

Additional Sites are approximate and in some cases slightly off from actual GPS coordinates for 
respective sites. 

� Prepped gear for 8/19/17 sampling.  

8/17/17 

� Weather day, no sampling. Also note that Ballard has called off efforts on 8/18 due to continued 
poor weather.  

� Samples collected 8/16 were packed into coolers, CoC forms filled out, collers transported to 
Rudyard for overnight shipment via UPS to GEI ecological lab and Microbial Insights. 

� Pick up of additional sampling equipment at MET.  
� Straighten up gear, print out additional field forms.  
� Communication with Microbial Insights re: sample receipt, minimal mass of some samples.  
� APB/SRB checks on barge in a.m. and p.m.  
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8/16/17 

� Arrived at docks at 0625; safety discussion ~0645; weather heading in, likely tomorrow
� Dave requested review of a document containing changes to workplan prior to submittal to USEPA.

RH reviewed (so did Gary and Trish). RH noted that the 10-30 feet random number generation step
at the 7 AOIs that coincide with a designated biota sampling area was not in the changes but had
been discussed previously. Two paragraphs were added to the document describing rationale for
change. All were in agreement that the change was for safety considerations (i.e., less area a diver
has to cover while on bottom which is critical, especially at deep sites).

� APB/SRB samples from yesterday were checked. The first sets of samples are changing colors,
indicating the presence of APB and SRB. This was discussed with Gary and Trish. A photograph of the
test tubes was emailed to BioSan for verification. Confirmation from BioSan that APB/SRBs are
present in tubes shown in photograph.

� Biota site: 8 biota samples collected at biota sampling site located on east leg, zone C, south. No
holiday was found.

� Samples process on barge. APB/SRB test tubes in incubator, GEI eco lab samples bagged and on ice
and will be massed later once ethanol is added, periphyton/biofilm parsed out from APB/SRB
samples and bagged for Microbial Insights. Once again, most biofilm/periphyton came from near
mussel attachment points. Care being taken to minimize extent to which tissue of mussels is
included in samples sent to Microbial Insights. Some samples have low mass (1 g or less).

� 1300 hrs, pulling anchor and will head to next site, which as of now will be the biota site in the East
leg, zone A, south. This site is also designated as an AOI site. Thus, the following biota tasks will take
place: AOI sampling, biota sampling (6-8 samples around pipe), biota thickness and clean pipe
measurements.

� Pre-dive ROV inspection: Chris’ survey notes did not indicate an AOI “south of 34A” (see Table 1 in
workplan). A small area devoid of biota growth on top of pipe was found but no survey notes to
match that area. Chris’ survey notes did show potential AOI about 70’ away from 34A. But that site
would have been in span 35, not 34. Significant discussions with Dave S., Gary, Trish, Chris about
this. Moving sampling site to 35 would constitute a change to the workplan. Call with Joe S. to
discuss. Joe recommended sampling “south of 34A” as described in workplan. Gary noted he will
have to document the observation of potential “fork marks” in vicinity of 35 and believes they need
to be added to the scope.

� During this time, wind was building and gusting over 25 (not sure if knots or mph), precluding use of
crane, which is used to lower box containing biota samplers to lake bed.

� Hydrophone installation was completed at current anchor position (east leg, zone A, south) as was
further CP gun testing. One biota site was sampled today given hydrophone, CP testing, and delays
due to discussions above and winds.

� Sample shipment prep this evening with transport to UPS tomorrow.
� Thursday has already been called off due to high winds.

8/15/17 
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� Arrived at docks 0630; safety discussion 0700 
� Objectives: resample location we left off at on 8/14; install one hydrophone; sample a second biota 

site – which site is still TBD 
� Weather: fair in a.m. with slightly more breeze than yesterday in a.m. Expected high temp 75 F. 
� Confirmed with Chris Bauer that ROV pre-dive footage is being captured. Pre-dive ROV footage is 

what we are using to confirm mussel density, biota layers, and slow pan of pipeline in general area 
of inspection/sampling.  

� AOI site sampled, confirmed holiday so paired samples were kept. AOI samples contained little/no 
mussels, periphyton, biofilm, etc. Unclear if there will be enough mass for DNA extraction. Email was 
sent to Microbial noting minimal sample mass in some samples and a request was made to notify us 
as soon as possible if minimal mass will preclude DNA extraction.  

� Biota site sampled, 8 samples total. East leg, zone B, south.  
� Back to dock at 1840.  
� Prepped coolers and arranged shipment for tomorrow for overnight delivery to GEI and Microbial 

Insights. They’ll each receive 6 samples.  
� Worked up samples. Wet weight masses for GEI lab, removed periphyton/biofilm from APB/SRB 

samples for Microbial. Majority of periphyton/biofilm came from near attachment points of 
mussels; little was “free” (i.e., not attached to mussels) in the sample.  

� End day at 2215 hrs.  

8/14/17 

� Arrived at boat docks at 0645 per request. Barge arrival after 0900. 
� While waiting for barge we were informed that in the afternoon we would attempt to collect actual 

samples as opposed to a full day of test dives.  
� Key discussion topic was proactive collection of biota samples at AOI’s and “Additional sites”. 

Consensus was reached by Gary (ITP), Enbridge (Trish, Ryan, Dan, Jim), and GEI that assuming a 
holiday might be present and collecting biota samples first is best approach to ensure samples are 
collected in an “undisturbed” condition as opposed to collecting samples after area has been 
disturbed via coating thickness and CP measures. Following sample collection, if a holiday is not 
found, the samples collected would be disposed of according to permit conditions (i.e., euthanized 
via alcohol and landfilled). This was discussed fully and Gary was in full agreement.  

� Test dive was near E-71. GPS coordinates were not available via the ROV or diver so a measurement 
was made from known spot (34’ from an anchor). No holiday was found. Would one have been 
found the samples would have been collected per discussion with Enbridge and Gary.  

� First actual sampling dive was started ~1630 hrs at location between E-77 and E-72.  
o This location has a very long AOI from previous maintenance/cleaning activities.  
o One pair of samples from north end of AOI, one from area ~3’ upcurrent of AOI samples.  
o Barge had engine problems during the dive so dive was aborted and samples were left in the 

crate on the bottom.  
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o Per discussion with Enbridge and Gary, a new set of samples will be collected at this location
tomorrow and the samples collected on 8/14 will not be used given we will not be able to
retrieve them until 8/15.

� Unclear if video is being taken during pre-dive ROV fly-over. Need to confirm this is the case as the
pre-dive ROV fly-over is when mussel colonization rates are confirmed and biota layers (multiple or
single) are confirmed.

� Weather: calm, sunny to partly cloudy, temps ranged from 55-75 F.
� Note that Ballard keeps a detailed dive log for every dive. This could be requested in event that

detailed activities need to be verified.
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Enbridge Line 5 Daily Activity Summary 

12/15/17 

� 0515 preparing gear, boarded barge at 0600
� Safety discussion 0635
� Conducted daily APB/SRB kit observations – no additional trips observed
� EAS-3 was first site (East leg, zone B south) – Coords: N W 

o Completed water column and sediment sampling, as well as water chemistry measurements
at EAS-3.

o ABP/SRB kits run on all samples
� Moved to E-10 (East leg, zone A south) – N  W 

o Sampling completed 12/13/17, no samples collected
� 1200 - Diving issues halted operations for the day
� Headed back to port ~1300 hrs
� 1430 Arrived at docks
� Off-loaded all gear
� Back to lodging ~1440 hrs
� Packed gear, prepped for demobilization, backed up field files
� 1500 -  Departed lodging
� Incubator kept running via power inverter in vehicle
� Water and sediment samples shipped overnight to Microbial Insights
� Replaced vehicle power outlet fuse and inverter blown by incubator
� 2200 – demobilization complete

12/14/17 

� 0515 preparing gear, boarded barge at 0600
� Safety discussion 0630
� Generated equipment blanks, in duplicate, for each equipment type used (sediment sampler, niskin

sampler, VanDorn) with both distilled and sterile water.
� Sterile water (only) blank APB/SPB kits were run in duplicate in addition to equipment blanks.
� EAS-3 was first site (East leg, zone B south) – Coords: N  W 

o Current deemed too strong for diving; anchors were pulled and barge moved to site near E-
10 to complete coating repair.

� E-10 (East leg, zone A south) – N W 
o Sampling completed 12/13/17, no samples collected

� Held at E-10 until noon, in attempt to wait out heavy currents; however, currents persisted and
winds increased.

� No diving activities were carried out.
� Headed back to port ~1200 hrs
� As per Jeff Newlin, currently running Ballard Marine operations, barge crew will show up tomorrow

at regular time, but he expects no attempts will be made to depart dock due to weather.
� Off-loaded most of gear, including incubator with APB/SRB test kits, from barge so it wouldn’t freeze
� Back to lodging ~1400 hrs
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� Unloaded gear, prepped for tomorrow, backed up field files

12/13/17 

� 0500 preparing rest of gear, at barge 0600
� Safety discussion 0630
� Continued decontamination of equipment (sediment samplers, Niskin water sampler, etc.)
� Generated equipment blanks, in duplicate, for each equipment type used (sediment sampler, niskin

sampler, VanDorn).
� “Sterile” lab water also purchased from BioSan and utilized for blanks:

o Poured sterile water into decontaminated equipment then took equipment rinse blank
o Sterile water only blank via dipping swabs directly into sterile water containers

� EAS-3 was first site (East leg, zone B south) – Coords: N  W 
o Surface water sample collected – ID EPZBS-WS-01 (east pipeline, zone b south, water

surface, water sample #1)
o Current too strong for diving so pulled anchors and went to other site near E-10

� E-10 (East leg, zone A south) – N W 
o Surface water sample collected – ID EPZAS-WS-02
o Mid-depth water sample collected via VanDorn – ID EPZAS-WM-04
o Bottom water sample collected via Niskin - ID EPZAS-WB-03
o Paired sediment samples collected using biota sampler held horizontally and slid across

bottom at depth of approximately 2”. IDs were – EPZAS-S1-01; EPZAS-S2-02; EPZAS-S1-03
(duplicate of EPZAS-S1-01).

o Water was decanted from sediment tube before homogenization with a pre-cleaned spatula
for a minimum of 30 seconds.

� Water samples transferred to lab-supplied bottles; sediment into lab-supplied glass jars. Will be sent
to Microbial Insights tomorrow.

� APB/SRB tests run on all samples collected; blanks run in duplicate
� Samples at E-10 processed by ~1300 hrs, then continued decontamination of equipment.
� Two divers have already been in water continuing repairs, third diver in water ~1410 hrs.
� Headed back to port ~1600 hrs
� Off-loaded most of gear, including incubator with APB/SRB test kits, from barge so it wouldn’t freeze
� Back to lodging ~1720 hrs
� Unloaded gear, decontaminated VanDorn sampler, got gear ready for tomorrow, backed up field

files

12/12/17 

� Received verbal authorization to begin mobilization and equipment acquisition for water and
sediment sampling

� Multiple calls to BioSan and for YSI multi-probe to secure APB/SRB test kits and YSI
� Located and mobilized all other equipment necessary
� Produced field data forms, generated sample ID scheme, conference call with Chris Bauer,

coordinated with Jeff (Ballard), etc.
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� Arranged for Ann Arbor GEI staff to pick up BioSan APB/SRB test kits at Warren facility and transport
them to Flint for transfer to RH

� DK picked up YSI multiprobe
� RH and DK in Mackinaw City ~2000 hrs
� Unloaded equipment, decontaminated equipment that was in hand (sediment sampling equipment

was on the barge). Decontamination procedure was consistent with what was done in summer with
the addition of ethanol rinse. Procedure was: liquinox wash, distilled water rinse, ethanol rinse,
distilled water rinse.

� Prepared YSI multi-probe and rest of gear for tomorrow’s effort.

12/11/17 

� 1615 received call regarding potential Line 5 sediment and water sampling consistent with proposals
submitted in late summer/early fall 2017.

� Internal discussions re: staffing, equipment requirements, health and safety, etc.
� Time critical issues: whether or not BioSan has APB/SRB test kits on hand, availability of YSI multi-

probe
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Appendix - Table 1. 2017 Biota Sample Dry Weight (g) Descriptive Statistics by Pipeline

n Mean
Std. 

Deviation
n Mean

Std. 
Deviation

East 24 16.6 11.9 24 24.0 24.0

West 22 14.2 10.1 23 13.9 10.5

Total 46 15.4 11.00 47 18.5 19.0

Square roots of weights were used as dependent variable to improve normality of data in preparation for a General Linear Model Analysis of Covariance.

Bottom position samples excluded

Type III Sum 
of Squares

df
Mean 

Square
F Sig.

Type III Sum 
of Squares

df
Mean 

Square
F Sig.

Corrected 
Model

9.7 5 1.9 0.6 0.7 37.4 5 7.5 2.1 0.1

Intercept 562.4 1 562.4 185.8 0.0 678.8 1 678.8 193.5 0.0
Pipeline 
(East/West)

2.2 1 2.2 0.7 0.4 13.5 1 13.5 3.8 0.1

Pipeline 
Position 

7.2 2 3.6 1.2 0.3 20.7 2 10.3 2.9 0.1

Pipeline & 
Pipeline 
Position

0.4 2 0.2 0.1 0.9 3.8 2 1.9 0.5 0.6

Error 121.1 40 3.0 143.9 41 3.5

Total 709.4 46 871.5 47

Corrected 
Total

130.7 45 181.3 46

1   R Squared = .058 (Adjusted R Squared = .014)
2 R Squared = .125 (Adjusted R Squared = .086)

Square roots of weights were used as dependent variable to improve normality

Bottom position samples excluded

Appendix - Table 2. 2017 Biota Sample Dry weight tests  of between-subjects effects results from General Linear Model Two-Way Analysis of Variance

Source

Biomass Dry Weight Total Dry Weight

Pipeline
Biomass Dry Weight Total Dry Weight

REDACTED SUBMITTAL - PUBLIC COPY



n Mean (g)
Std. 

Deviation
n Mean (g)

Std. 
Deviation

North 12 9.9 7.7 12 22.1 32.6

South 15 21.1 12.0 15 21.6 11.9

Total 27 16.1 11.6 27 21.8 22.9

North 15 13.6 10.2 15 14.0 10.7

South 11 13.9 8.9 12 12.9 9.1

Total 26 13.7 9.4 27 13.6 9.9

North 27 11.9 9.2 27 17.6 23.0

South 26 18.0 11.2 27 17.8 11.4

Total 53 14.9 10.6 54 17.7 18.0

Type III Sum 
of Squares

df
Mean 

Square
F Sig.

Type III Sum 
of Squares

df
Mean 

Square
F Sig.

Corrected 
Model 16.5 1 3 5.5 2.1 0.1 12.8 2 3 4.3 1.2 0.3

Intercept 621.9 1 621.9 242.2 0.0 748.6 1 748.6 210.3 0

Pipeline 
(East/West)

0.7 1 0.7 0.3 0.6 10.8 1 10.8 3.0 0.1

Pipeline End 
(North/South)

8.4 1 8.4 3.3 0.1 0.4 1 0.4 0.1 0.7

Pipeline & 
Pipeline End

6.4 1 6.4 2.5 0.1 1.0 1 1 0.3 0.6

Error 125.8 49 2.6 -- -- 178.0 50 3.6 -- --

Total 791.1 53 -- -- -- 955 54 -- -- --

Corrected 
Total

142.4 52 -- -- -- 190.8 53 -- -- --

1 R Squared = .096 (Adjusted R Squared = .055)
2 R Squared = .068 (Adjusted R Squared = .025)

Square roots of weights were used as dependent variable to improve normality

Total

Source

Biomass Dry Weight Total Dry Weight

Appendix - Table 3. 2017 Biota, Area of Interest and Additional Site Sample Dry Weight Descriptive Statistics

Appendix - Table 4. 2017 Biota, Area of Interest and Additional Site Sample Dry Weight (g) Tests of Between-subjects Effects Results from General Linear 
Model Analysis of Covariance

Square roots of weights were used as dependent variable to improve normality of data in preparation for a General Linear 
Model Two-Way Analysis of Variance

Pipeline Pipeline End
Biomass Dry Weight Total Dry Weight

East

West
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Appendix - Table 5. 2017 Areas of Interest, Additional Sites and Paired Adjacent Sample Dry Weight (g) Descriptive Statistics

n Mean Std.
Deviation Min. Max. n Mean Std.

Deviation Min. Max.

Value 20 9.7 11.0 0.0 27.5 20 11.0 12.0 0.0 33.6

Area of Interest/ Additional 
Site and Adjacent Sites 20 1.5 0.5 1.0 2.0 20 1.5 0.5 1.0 2.0

n Mean Rank
Sum of 
Ranks

n Mean Rank
Sum of 
Ranks

Area of Interest/ Additional Site 10 7.0 69.5 10 7.6 75.5

Adjacent Site 10 14 140.5 10 13.4 134.5

Total 20 -- -- 20 -- --

Test Statistics2 Biomass Dry 
Weight

Total Dry 
Weight

Mann-Whitney U 14.5 20.5

Wilcoxon W 69.5 75.5

Z -2.7 -2.2

Asymp. Sig. (2-tailed) .007* .026*

Exact Sig. [2*(1-tailed Sig.)] .005 1 .023 1

1 Not corrected for ties
2 Grouping Variable: Holiday or Adjacent

* denotes statistical significance

Appendix - Table 7. 2017 Areas of Interest, Additional 
Sites and Paired Adjacent Sample Dry Weight (g) Test 
Statistics2 as part of Mann Whitney Test

Appendix - Table 6. 2017 Areas of Interest, Additional Sites and Paired Adjacent Sample Dry Weight  (g) Ranks 
Test as part of Mann Whitney Test

Biomass Dry Weight Total Dry Weight

Sample Type
Biomass Dry Weight Total Dry Weight
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Water Chemisty Measurements from East Leg Biota Sampling Location ES8 and Area of Interest EAOI7
Depth 

(ft)
Temperature 

(°C)
Specific Conductance 

(μS/cm)
pH

ORP 
(mV)

Turbidity 
(FNU)

DO 
(% sat)

DO 
(mg/L)

6 17.03 243.9 8.8 30.3 -0.01 98.3 9.49
14 17.32 244.8 8.1 59.1 0.06 98.2 9.42
33 16.74 242.7 8.4 33.0 -0.03 97.7 9.49
55 15.51 237.7 8.3 45.9 0.08 96.4 9.61
73 13.91 233.6 8.3 50.1 0.08 94.0 9.69
76 12.99 227.6 8.1 59.9 0.21 94.4 9.94

Water chemistry readings collected September 5, 2017
Measurements collected at 1 minute intervals and averaged based on a 1 ft change in depth

Water Chemisty Measurements From East Leg Area of Interest EAOI8
Depth 

(ft)
Temperature 

(°C)
Specific Conductance 

(μS/cm)
pH

ORP 
(mV)

Turbidity 
(FNU)

DO 
(% sat)

DO 
(mg/L)

0 17.77 259.2 9.1 70.0 0.13 102.3 9.73
4 17.81 260.0 9.1 68.3 0.04 101.2 9.62
7 17.85 261.2 8.3 73.0 -0.11 97.8 9.28

11 17.83 260.8 8.8 66.8 -0.02 100.2 9.51
14 17.83 260.8 8.8 63.4 0.04 99.3 9.43
15 17.79 260.6 8.8 64.7 0.13 99.5 9.45
17 17.84 261.0 8.4 64.3 -0.09 97.9 9.30
18 17.84 260.9 8.5 62.1 -0.11 97.9 9.29
19 17.83 260.9 8.5 62.8 -0.08 98.1 9.31
22 17.84 261.0 8.2 73.4 -0.06 97.7 9.27
24 17.82 260.6 8.5 60.8 -0.13 97.7 9.28
26 17.83 260.7 8.2 73.5 0.02 97.7 9.28
28 17.78 260.5 8.2 73.8 -0.03 97.6 9.28
31 17.83 260.6 8.5 60.8 -0.14 97.7 9.28
33 17.78 260.6 8.2 74.3 -0.04 97.7 9.28
38 17.77 260.2 8.1 74.8 -0.03 98.0 9.31
39 17.83 260.7 8.5 60.7 -0.14 97.6 9.27
45 17.53 256.7 8.1 75.6 0.03 98.4 9.41
50 17.81 260.6 8.5 60.6 -0.14 97.5 9.26
54 16.98 234.9 8.1 76.7 0.08 99.2 9.60
58 17.77 260.3 8.5 60.6 -0.04 97.4 9.26
65 13.85 218.6 8.2 77.1 0.44 99.2 10.60
66 17.68 260.0 8.48 60.6 -0.10 97.2 9.25
69 16.71 259.8 8.49 60.6 -0.11 95.7 9.30
76 15.89 247.6 8.50 60.9 -0.10 95.2 9.41
77 15.42 248.2 8.50 61.0 -0.11 94.2 9.39
78 12.42 226.6 8.24 74.7 0.22 93.3 9.96

Water chemistry readings collected September 6, 2017
Measurements collected at 10 second intervals and averaged based on a 1 ft change in depth
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Water Chemisty Measurements from East Leg Biota Sampling Location ES3 and Area of Interest EAOI1
Depth 

(ft)
Temperature 

(°C)
Specific Conductance 

(μS/cm)
pH

ORP 
(mV)

Turbidity 
(FNU)

DO 
(% sat)

DO 
(mg/L)

1 16.6 161.4 8.5 84.6 41.69 99.3 9.68
6 17.0 253.4 8.4 80.4 0.03 98.8 9.54

18 16.8 250.4 8.1 101.9 0.08 98.3 9.55
19 17.0 253.4 8.6 60.1 -0.02 98.7 9.54
27 16.5 248.7 8.0 102.4 0.01 98.2 9.59
28 17.0 253.1 8.6 61.1 -0.02 98.4 9.51
36 16.3 247.2 8.0 103.0 0.03 98.5 9.67
42 16.4 248.3 8.3 83.1 0.06 98.4 9.62
49 15.7 242.5 7.9 106.0 0.08 99.3 9.85
52 16.5 250.0 8.6 63.2 -0.01 97.2 9.47
53 15.8 243.1 8.6 65.2 0.04 96.8 9.59
54 15.8 242.9 8.5 66.3 0.06 96.9 9.61
58 15.6 239.1 7.9 107.1 0.15 101.0 10.05
59 15.8 243.1 8.5 66.8 0.04 96.9 9.60
64 15.8 243.0 8.5 67.3 0.22 96.8 9.59
67 15.7 242.9 8.5 67.6 0.14 96.7 9.59
70 15.2 218.4 7.9 107.4 0.18 100.3 10.09
73 15.7 242.8 8.5 67.7 0.06 96.7 9.59
79 15.6 242.9 8.5 67.8 0.10 96.3 9.57
80 12.9 239.1 8.5 68.1 0.07 95.3 10.05
84 12.9 227.8 8.5 69.2 0.05 95.8 10.11
85 12.3 217.9 8.2 88.7 0.21 96.8 10.36
87 11.3 236.2 8.5 70.2 0.05 93.1 10.18
94 10.9 225.6 8.5 70.7 0.02 93.9 10.38
98 9.5 212.4 8.0 107.8 0.33 96.4 11.00

108 10.7 218.5 8.5 71.4 0.05 94.6 10.48
112 9.5 212.3 8.0 108.0 0.38 96.5 11.02
119 10.3 218.0 8.5 72.2 0.04 94.5 10.56
128 9.4 211.8 7.9 108.3 0.39 96.5 11.05
133 10.0 215.6 8.5 72.7 0.21 94.6 10.66
141 9.2 211.1 7.9 108.7 0.52 96.5 11.09
144 9.8 214.5 8.5 73.1 0.22 94.9 10.75
153 9.7 213.7 8.5 73.4 0.07 95.2 10.81
155 9.3 210.8 8.4 77.6 0.20 95.6 10.95
156 9.3 210.8 8.2 83.6 0.23 95.7 10.97
162 9.1 209.9 8.2 88.5 0.27 95.3 11.00
166 8.8 209.6 7.9 109.2 0.38 95.9 11.12
169 9.0 209.7 8.2 88.8 0.38 95.4 11.01
177 9.0 209.8 8.2 89.0 0.21 95.5 11.03
180 8.8 209.5 7.9 109.3 0.4 95.8 11.12
188 9.0 209.6 8.2 89.0 0.24 95.4 11.03
188 8.8 209.4 7.9 109.3 0.31 95.7 11.11
192 8.9 209.5 8.2 89.0 0.25 95.4 11.04
193 8.9 209.7 8.0 101.2 0.62 95.6 11.07

Water chemistry readings collected September 8, 2017
Measurements collected at 10 second intervals and averaged based on a 1 ft change in depth
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The objectives of this phase of investigation were as follows:

� Determine whether byssal threads from zebra, quagga or other mussels were present on the 

Line 5 samples.

� If byssal threads are present, determine their morphology and elemental composition in order 

to be able to differentiate them from other fibrous materials.

� If byssal threads are present, determine whether they attach to both the calcium carbonate

(tan) deposits and/or the pipe coating (black) material.

� If byssal threads attach to the pipe coating (black) material, determine if they penetrate or 

otherwise deteriorate this pipe coating material. 

���+�������
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The methods used in this phase of investigation were the same as for the Line 5 deposits, including:

� Optical Photography and Microscopy

� Scanning Electron Microscopy

� Energy Dispersive Spectroscopy and Elemental Mapping

The utility and application of these methods is described in the main body of the Line 5 Deposits Report.
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Examination of all the Line 5 samples revealed that byssal threads were present, to a greater or lesser degree, 

in each of them.  

Sample #13:  This sample was selected as representative of the Line 5 samples because it had both tan and 

black material on opposing sides, as discussed in the deposit report, and because it had visible byssal threads 

on both these surfaces.

���+�������

“Pipe Exterior Parent Coating”:  This sample was selected because it was a documented pipe coating layer 

removed from a known pipe section, and because it had a large cluster of byssal threads attached at one end.

F��+��A-����	���������,	�����G����+���
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Pieces of this sample containing tan and black surfaces, both with visible byssal threads, were selected for 

analysis.
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Byssal threads are abundant on the calcium carbonate deposits in Sample #13.  The striated thread surfaces, 

foot morphologies, and elemental composition reflecting protein are consistent and characteristic.

Byssal thread fiber:
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Byssal thread foot:
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Byssal threads are also present on the pipe coating material in Sample #13, though they appear less abundant 

than on the calcium carbonate deposits.  The striated thread surfaces, foot morphologies, and elemental 

composition reflecting protein are the same between the two types of substrate surfaces.

Byssal thread fibers:

�
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Byssal thread foot:

�

�

�

�

�

�

REDACTED SUBMITTAL - PUBLIC COPY



��+��A-����	���������,	������

A cluster of detached byssal threads was recovered from one end of this sample and was selected for analysis.

Individual threads from this cluster were disaggregated and mounted on carbon tape for SEM/EDS imaging.

The SEM images reveal byssal threads of relatively uniform lengths and diameters, but with a variety of 

morphologies in the byssal thread foot.   EDS spectra and elemental mapping indicate the byssal threads and 

feet are uniformly composed of carbon, nitrogen and oxygen, with lesser amounts of sulfur and calcium, a 

composition consistent with their protein makeup.

'�������������4�����)%������ )������������	�,��*	�����#�)�+��
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The findings from this investigation are as follows:

� Byssal threads are present on virtually all Line 5 samples submitted for evaluation.

� Byssal threads have a unique morphology readily distinguishable under a microscope or SEM, with a 

striated thread and distinct foot structures.

� Byssal threads are composed principally of carbon, nitrogen and oxygen, with lesser amounts of 

sulfur and calcium.

� In the samples examined, Byssal threads are attached to both calcium carbonate deposits and the pipe 

coating material itself; there is substantially greater relative abundance on the calcium carbonate 

deposit surfaces.  Byssal thread attachment has reportedly been inhibited by surface composition, 

which may account for this difference in relative abundance (O’Neill, C., et. al., 1991; Bureau of 

Reclamation Tech. Memo. PAP-1074, 2013; Bureau of Reclamation Tech. Memo. MERL-2014-64,

2014; Merten, B.J., et. al., 2015; Skaja, A.D., et. al., 2015).

� When attached to the pipe coating, the byssal threads do not appear to penetrate these surfaces.

� Byssal threads detach from surfaces by two mechanisms, biochemically moderated self- detachment, 

and externally induced mechanical detachment through breakage of the thread or removal of the foot 

from the surface to which it is attached, as during scraping, “jetting” or “pigging” (O’Neill, C., et. al., 

1991; Bureau of Reclamation Tech. Memo. PAP-1074, 2013; Merten, B.J., et. al., 2015). 

� When byssal threads detach biochemically from the pipe coating they do not appear to transfer any of 

the pipe coating itself, and there is no evidence suggesting the pipe coating has been deteriorated or 

otherwise compromised by their attachment or detachment.  This contrasts to the deterioration of 

concrete surfaces reported in the literature (Perez, M., et. al., 2003; Yao, G., et. al., 2017).�

� Reports in the literature exist indicating when byssal threads are detached by external forces on less 

durable pipe coatings, transfer of some coating during the process may result.  At the present time it is 

uncertain whether that occurs with more durable pipe coatings such as epoxies or similar durable

coating formulations in general, and the Line 5 pipe coating in particular.�
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DISCLAIMER 

 

This document presents findings and/or recommendations based on engineering services performed by 
employees of Kiefner and Associates, Inc. The work addressed herein has been performed according to 
the authors’ knowledge, information, and belief in accordance with commonly accepted procedures 
consistent with applicable standards of practice, and is not a guaranty or warranty, either expressed or 
implied. 

The analysis and conclusions provided in this report are for the sole use and benefit of the Client. No 
information or representations contained herein are for the use or benefit of any party other than the 
party contracting with Kiefner. The scope of use of the information presented herein is limited to the 
facts as presented and examined, as outlined within the body of this document. No additional 
representations are made as to matters not specifically addressed within this report. Any additional 
facts or circumstances in existence but not described or considered within this report may change the 
analysis, outcomes and representations made in this report. 
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Assessment of the Effect of Biota on the Integrity of 
Free-Spanning Pipelines in the Straits of Mackinac  
Benjamin Zand, PhD 

INTRODUCTION 
Enbridge Energy, Limited Partnership (Enbridge) operates two 20-inch outer diameter (OD) pipelines 
that cross the Straits of Mackinac approximately 1.3 miles west of the Mackinaw Bridge.  The pipelines 
(also collectively referred to as Line 5) were constructed in 1953 and transport petroleum products from 
Superior, Wisconsin to Sarnia, Ontario. 

The pipelines have a minimum of 15 feet of cover at the shore area and the cover depth tapers from 
approximately 15 to 0 feet at water depths of 50 to 65 feet, respectively.  The remaining segments of 
the two pipeline crossings are placed at the lakebed along the Straits of Mackinac.  Enbridge has 
periodically conducted subaquatic inspections to monitor the condition of the pipelines.  The inspections 
showed that portions of the pipelines have formed free spans due to lakebed roughness.  The 
inspections also showed the build-up of bio-mass on the pipeline due to growth of aquatic biota.  
Enbridge contacted Kiefner and Associates, Inc. (Kiefner) to evaluate the structural integrity of the dual 
Pipelines due to the weight of such biomass or the pressure caused by current or ice movement around 
such biomass in areas where the pipelines are suspended above the floor of the Straits (spans). 

This assessment includes a) acceptable free span lengths; and b) susceptibility to vibration induced by 
vortex shedding.  Potential effects of the bio-mass (biota) on the stress and vortex-induced vibration 
(VIV) thresholds of the pipelines suspended above the lakebed were accounted for.  Effects of added 
pipe mass, increased hydrodynamic diameter, and increased drag force on pipe longitudinal stress and 
vibration characteristics were studied.  The assessment for VIV was based on the June 2017 Edition of 
DNVGL-RP-F105 [1], Free Spanning Pipelines.  The DNV RP uses SI units, thus all the calculations were 
performed in SI units.  The results are generally reported in US Customary units but whenever 
appropriate, equivalent SI conversions are provided.  

The pipe weight (with varying products, including natural gas liquids and light crude), internal pressure, 
pipeline diameter and wall thickness, pipe steel grade and pipe coating were also included in the stress 
analysis and VIV assessments.  The assessment used a combination of analytical methods and finite 
element analysis (FEA) to examine the sensitivity of allowable span length against these factors.   
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SUMMARY AND CONCLUSIONS 

Codes, Standards, and Regulations 
A review of Code of Federal Regulations [2] confirmed that the pipelines possess all the physical 
attributes of offshore pipelines.  Therefore, the stress limits of ASME B31.4 [3], Chapter IX “Offshore 
Liquid Pipeline Systems” were adopted for the static assessment of the free spans.  The allowable 
stresses are set forth in Table A402.3.5-1 as 80% specified minimum yield strength (SMYS) for the 
longitudinal stress and 90% SMYS for the equivalent stress. 

Engineering Analysis of Spans 
FEA of single and multiple continuous spans were carried out to calculate pipe stresses due to 
differential temperature, internal pressure, and drag and gravitational forces.  The analysis showed that 
in a span shorter than 150 feet with 1.0 inch biota growth (the maximum measured biota thickness), the 
longitudinal and equivalent stresses will remain within allowable limits. Variations in biota thickness up 
to 6 inches on multiple continuous spans created by installing screw anchor supports are not expected 
to affect the stresses by more than 5% SMYS.   

Vortex-Induced Vibration (VIV) 
The approach undertaken in the study was to determine allowable span lengths to prevent fatigue 
cycles based on the VIV avoidance criteria in DNVGL-RP-F105.  The study resulted in a span length of 87 
feet for a single span.  

The assessment contains sufficient safety factors to cover normal variations in the biota thickness 
(including future growth up to 6 inches).  Furthermore, the presence of biota is expected to reduce the 
likelihood and intensity of VIV because it is expected to break the period regime of vortex shedding.  
However, this effect was not included in the assessment, which is believed to increase the level of 
conservatism.  

Effects of Water Velocity and Span Length 
Water velocity, along with the span length, are the two primary factors, which control stresses in the 
free span from gravity and drag forces, as well as the VIV characteristics of the pipeline.  For a given 
span length, there is a VIV threshold velocity (as delineated under the prevention criteria of DNVGL-RP-
F105), below which VIV is unlikely.  With increasing water velocity beyond the threshold, VIV could take 
place.  

A realistic water velocity probability density distribution is a key element in establishing allowable span 
length.  The water velocity distribution used in this study was based on the measurements taken 
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between September 2002 and October 2004 by Enbridge.  An extreme water velocity of 3.44 ft/sec (1.05 
m/sec) was determined based on 1% annual probability of exceedance.   

Effects of Pipe Internal Pressure and Differential Temperature 
Pipe axial stress has a moderate influence on the onset of VIV, through changing the natural frequency 
of vibration.  Compression lowers while tension increases the natural frequency of vibration.  The 
maximum operating pressure of Line 5 at the crossings is 600 psi, or 24.6% SMYS, which indicates the 
pipelines operates at a relatively low circumferential stress.  The component of longitudinal stress due 
to internal pressure, with the pipeline in the least constrained condition, is at most half of the hoop 
stress.  Pressure induced axial stress under the maximum operating pressure was assessed to have 
insignificant effect on the acceptable span length concerning VIV (<5%), and therefore the internal 
pressure was ignored in the VIV assessment.  Ignoring the axial tension from internal pressure was 
conservative.  The effect of internal pressure of up to 600 psig; however, was included in the 
engineering analysis of the spans to calculate longitudinal and effective stresses.  

Differential temperature affects the allowable span length by producing longitudinal stress in the 
pipeline.  Longitudinal stress, in turn, affects natural frequency of vibration.  The differential 
temperature was estimated to vary between zero to 30 F (17 C) based on the differences between the 
pipeline operating temperatures and the water temperatures.  The effect of differential temperatures 
was included in the assessment.  

Effects of Multiple Supports  

The assessment concluded that when two to four continuous spans of no longer than 75-feet were 
formed by installation of screw anchor supports, 100-year cumulative fatigue damage was negligible.  
Bending stress and frequency of vibration of continuous spans do not change significantly with 
increasing number of spans beyond four.  As such, four continuous 75-foot long spans were determined 
to be conservative representation of the pipeline continuous spans.  

Effects of Biota and Pipe Mass 

Engineering analysis of the span used the maximum product weight and drag forces calculated from the 
extreme water velocity with 1.0-inch biota growth (the maximum measured thickness).  Biota slightly 
increased the longitudinal stresses in the pipe. However, the longitudinal stress was found not to be the 
critical factor for the acceptable span length.  VIV avoidance criteria resulted in significantly shorter 
allowable span lengths as compared to the longitudinal and equivalent stress limits.  

Biota was also found to lower the vibration frequency of the pipelines by increasing their mass. 
However, the effect of a reduction in the frequency was more or less offset by the increase in VIV onset 
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velocity.  Overall, biota thickness of up to 6 inches did not affect the span length in terms of VIV 
avoidance.  VIV assessments were performed for two product densities as well as empty pipe to study 
the effect of pipe mass.   

BACKGROUND 
The two pipelines crossing Straits of Mackinac consist of 20-inch OD, 0.812-inch WT, API 5L Grade A 
seamless line pipe, constructed in 1953.  The SMYS and specified minimum tensile strength (SMTS) of 
Grade A line pipe is 30 and 48 ksi, respectively, in accordance with the contemporaneous edition of API 
5L [4].  The maximum operating pressure (MOP) of each line is 600 psig, corresponding to a hoop stress 
of 7,389 psi, or 24.6% of SMYS, without accounting for the external pressure associated with the 
submerged depth of the pipelines.  The normal operation is at pressures up to 280 psig, corresponding 
to a circumferential stress level of 11.5% of SMYS.  Pipeline characteristics are listed in Table 1. 

The Straits crossing is approximately 5 miles long from Point La Barbe on the north side to McGulpin 
Point on the south side of the Straits.  The pipelines are located in the pipeline corridor indicated in 
Figure 1.  The two lines are approximately 1,000 feet apart and situated approximately 1.3 miles west of 
the Mackinaw Bridge.  The maximum depth of the crossing is approximately 260 feet.  The pipelines 
were hydrostatically tested at a pressure of 1,200 psig, corresponding to a hoop stress of 49% of SMYS 
(without accounting for external pressure), for a period of 10 hours. 
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Figure 1. Location of Pipeline Crossing 

Table 1. Characteristics of the Pipelines at the Straits of Mackinac Crossing 

Parameter Value / 
Description Unit 

OD (outer diameter) 20 inch 
WT (wall thickness) 0.812 inch 
Grade A n/a 
Specified minimum yield stress (SMYS) 30 ksi 
Seam type seamless n/a 
MOP (maximum operating pressure) 600 psig 
MOP 24.6 % SMYS 
Normal operating pressure 280 psig 
Normal operating pressure 11.5 % SMYS 
Year constructed 1953 n/a 

Product specific gravity 0.547 or 
0.868 n/a 

Coating thickness 0.125 inch 
Coating specific gravity 1.28 n/a 
Buoyant pipe weight 94.6 or 131.5 lb/ft 
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The products transported by the pipelines include light crude oil with a specific gravity of 0.868 and 
natural gas liquids (NGLs) having a specific gravity of 0.547.  The pipeline coating consists of coal tar 
coating with a net thickness of approximately 0.125 inch and having a specific gravity of approximately 
1.28.  The buoyant weight of the pipelines was calculated as 131.5 lb/ft when filled with crude oil, or 
94.6 lb/ft when transporting NGLs. 

The pipelines have a minimum of 15 feet of cover at the shore area and the cover depth tapers from 
approximately 15 to 0 feet at water depths of 50 to 65 feet, respectively.  The remaining segments of 
the two pipeline crossings rest on the lakebed.   

 

 

Figure 2. Crossing Bottom Elevation Profiles 

APPLICABLE REGULATIONS AND STANDARDS 
The relevant portions of the Code of Federal Regulations, Part 195 [2] and ASME B31.4-2016 [3] were 
reviewed.  The pipelines along the Straits crossings fall within the scope of US Federal pipeline safety 
regulations, Easement with the State of Michigan, and the crossings share the physical attributes of 
offshore pipelines in terms of construction method, loading, and environmental conditions.   

REDACTED SUBMITTAL - PUBLIC COPY



Thus, Kiefner concluded that an offshore pipeline technical standard would be the most relevant source 
to determine allowable stress levels. ASME B31.4-2016, Chapter IX was adopted for the static 
assessment of the free spans.  The allowable stresses are set forth in Table A402.3.5-1 as 80% SMYS for 
the longitudinal stress and 90% SMYS for the equivalent stress. 

STRESS ANALYSIS OF FREE SPANS 

Water Velocities 
The water velocities used in the assessment were measured by Enbridge between September 2002 and 
August 2004.  In addition to the data provided by Enbridge, Kiefner reviewed the velocities reported by 
the National Oceanic and Atmospheric Administration (NOAA) for the summer and fall of 1990 [5].  It 
was concluded that the 2002-2004 data set was a better representation of the flow velocities 
experienced by the pipelines.  This conclusion was primarily based on the fact that the NOAA 
measurements were not taken at the pipeline locations and depths.  According to the information 
provided to Kiefner the velocity measurements were taken near the pipelines and at depths a few feet 
from the lakebed.  

The water velocities used in the assessment were measured at four locations along the crossing in order 
to obtain representative data regarding the exposed spans identified at that time (2002-2004).  
Measurements were taken at one-minute intervals between September 26, 2002 and August 9, 2004.  
The velocities selected for the analysis were taken at about 2.3 feet distance from the lake bottom 
which is equal to the average distance of the west pipeline centerline to the lakebed along the free 
spans (the average distance of the east pipeline to the lakebed along the free spans is about 2.1 feet).  
The velocities were averaged to 15 minute intervals.  Figure 3 through Figure 6 show Easting and 
Northing water velocities recorded by the four monitoring units.  The Easting current velocity 
component is approximately 3 times the Northing current velocity component.  The velocities reverse 
direction every 2 to 3 days, and are predominately oriented in the east-northeast and west-southwest 
directions.  

The water velocities perpendicular to the pipelines were calculated by projecting velocity vectors into 
the normal direction of the pipelines.  Each data set was then fitted with a Weibull distribution using the 
least-square method.  The calculated cumulative density functions for Unit 1 through Unit 4 are shown 
in Figure 7 through Figure 10, respectively.  In each figure the measured data are indicated by green 
stars, while the fitted curve is shown in a brown continuous line.  A comparison between the functions 
shows that Unit 2 (Figure 8) experienced the highest water velocities within the tail section for a given 
probability value.  Weibull parameters for the velocity probability distribution functions are listed in 
Table 2 in US customary (ft/sec) and SI (m/sec) units. 
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Figure 3. Water Velocity Measurement Unit 1 

 

Figure 4. Water Velocity Measurement Unit 2 
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Figure 5. Water Velocity Measurement Unit 3 

Figure 6. Water Velocity Measurement Unit 4 
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Figure 7. Water Velocity Cumulative Distribution Function for Unit 1 

 

Figure 8. Water Velocity Cumulative Distribution Function for Unit 2 
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Figure 9. Water Velocity Cumulative Distribution Function for Unit 3 

 

Figure 10. Water Velocity Cumulative Distribution Function for Unit 4 
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Table 2. Weibull Parameters 

Measurement 
Location 

Shape Parameter 
(exponent) 

Scale Parameter 
Calculated Extreme 

Velocity  
ft/sec m/sec ft/sec m/sec 

Unit 1 1.16512 0.37707 0.11493 3.31 1.01 
Unit 2 1.18213 0.40408 0.12316 3.44 1.05 
Unit 3 0.98703 0.24613 0.07502 3.22 0.98 
Unit 4 1.09396 0.31887 0.09719 3.25 0.99 

 

Using the above parameters, water velocities corresponding to a 3-hour-long 100-year event were 
calculated for all units.  This corresponds to a 3-hour-long event with 1% annual probability (in 
accordance with Section 2.3 of DNVGL-RP-F105).  The calculated water velocities are listed in Table 2 
and it can be seen that the greatest velocity is 3.44 ft/sec (1.05 m/sec). This value is denoted as the 
extreme water velocity hereafter.  The probability calculations were such that the 3-hour event did not 
need to be one single continuous event.  Several short events adding up to an accumulated 3 hours 
were included in the probability.  This approach accounted for cumulative fatigue effects of water 
velocities exceeding the extreme water velocity in short durations.  Also note that the calculated 
extreme water velocity is greater than any single measurement in Figure 3 through Figure 6.  

Screw Anchor Support Stiffness 
Enbridge has installed screw anchor supports to limit the maximum length of the free spans in the 
Straits.  The design of the screw anchor supports is shown schematically in Figure 11.  As discussed in 
the subsequent sections, Kiefner performed static and modal FEA to calculate stresses in free spans and 
determine natural frequency of vibration and mode shapes for spans with such support systems.  Elastic 
stiffness of the support was one of the factors which was incorporated in the FEA study.  The elastic 
stiffness was calculated in a detailed FEA model of the support.  

The screw anchor support was modeled in ANSYS FEA software.  Figure 12(a) shows the FEA model 
geometry in ANSYS Workbench.  The structural elements of the support were modeled as thin surfaces 
meshed with predominantly square-shaped shell elements.  The gasket between the pipe and the saddle 
used solid elements.  Figure 12(b) shows the FEA mesh in a portion of the model.  Pre-tensioned bolts 
were included in the model as loaded springs with axial stiffness.  

The results of the analysis are listed in Table 3.  Each stiffness value was determined by application of a 
unit force or moment to the model in the respective direction and calculating the corresponding 
displacement.  The torsional and side-bending stiffness values were ignored because these stiffness 
components were determined to be low.  
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Figure 11. Screw Anchor Support Configuration 
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(a)

 
(b) 

Figure 12. Screw Anchor Support FEA model (a) Model Geometry; and (b) FEA Mesh 
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Table 3. Elastic Stiffness of Screw Anchor Supports 

Stiffness US Customary SI 

Vertical translation  99357 lb/in 17420 kN/m 
Lateral translation 29234 lb/in 4606 kN/m 
Longitudinal translation 5610 lb/in 1139 kN/m 
Longitudinal rotation 28057 lb.in/rad 317 kN.m/rad 

Engineering Analysis of Free Spans 
Free span analyses considered pipe, product, coating weight, buoyancy, biota weight, drag force, and 
support stiffness.  FEA was utilized to calculate longitudinal stress due to drag and gravitational forces in 
free spans.  FEA models used solid elements along the span shoulders to account for soil and pipe 
interaction.  Based on the data provided to Kiefner the maximum thickness of biota was measured to be 
about 1.0 inch.  A biota specific gravity of 1.350 was adopted per DNV-RP-C205 [6].  Other FEA input 
parameters are listed in Table 4.   

Water drag force acting on the pipelines was calculated following the method described in DNV-RP-
C205, Chapter 6; and DNVGL-RP-F105, Chapter 5.  The following equation was used for drag force per 
unit length of the pipeline in the perpendicular direction: 

 
� = �. �� � �� � � � �|�| Equation 1 

where 

�� is drag coefficient (calculated as 1.05 per DNV method),  

� is outer diameter, including the coating and biota,  

� is water velocity vector normal to the pipelines, and 

�� is the water density in kg/m3 (1000 kg/m3).  

A pipe surface roughness (�) of 2 inches (50 mm) from Table 5-1 of DNVGL-RP-F105 was used1.  The 
analyses were performed for span lengths varying from 75 ft (22.9 m) to 197 ft (60 m) and the maximum 

1 This is greater than the observed biota thickness on the pipelines. However, for the given total pipe diameter of about 22 inches, the drag 
force coefficient becomes independent of the surface roughness for roughness values greater than about 0.3 inch. Therefore, using a more 
realistic roughness value will not change the amount of drag force acting on the pipelines.  

REDACTED SUBMITTAL - PUBLIC COPY



calculated drag force under the extreme current velocity of 3.44 ft/sec (1.05 m/sec).  The increased pipe 
diameter due to the biota build-up was included in the drag force calculations, resulting in a 
corresponding increase in the drag force.  Sensitivity analyses were conducted with water velocities 
ranging from zero to about 9.8 ft/sec (0 to 3 m/sec).   

Table 4. Analysis Parameters 

Parameter 
Value / Description 

US Customary SI 

Elastic modulus 29600 ksi 204.08 GPa 
Poisson’s ratio 0.3 0.3 

Pipe steel coefficient of thermal expansion 6.5x10Ä6 in/in/ F 
1.17x10Ä5 mm/mm/ 

C 
Differential temperature (operating minus 
installation temperatures) 

0 to 30 F  0 to 17 C 

Maximum biota thickness 1.0 inch 25.4 mm 
Biota density 84.28 pcf 1,350 kg/m3 
Soil modulus along shoulders 1740 psi 12 MPa 
Free span length 75 to 196 ft 23 to 60 m 

 
Figure 13 shows the results for a 75-foot long span.  The horizontal axis is water velocity in ft/sec and 
the vertical axis is pipe longitudinal stress as a percent of SMYS.  The plots show the maximum additive 
longitudinal stress (Max SL) and minimum additive longitudinal stress (Min SL) for a pipeline with no 
biota as well as two different biota thicknesses of 1.0 and 6 inches (25.4 and 75 mm) under a differential 
temperature of 30 F.  The pipelines normally operates at temperatures between 40 (winter) and 60 F 
(summer), while the water temperature vary from about 35 F in winter to about 45 F in summer.  This 
creates differential temperatures of 0 to about 25 F between the pipelines and the water (pipeline 
operates at temperatures warmer than the water).  Since the pipe body temperature would have to be 
about the same as the water temperature during the installation, a differential temperature of 30 F is 
deemed to be conservative.  A differential temperature of 30 F creates an axial compressive stress of 
about 19.4% in the pipeline. The limits of the vertical axis represent the allowable stress limit of 0.8 
SMYS.  The extreme water velocity of 3.44 ft/sec is marked with a red vertical line.  The net axial stress is 
compressive due to the positive differential temperature.  The green line in the figure is the bending 
stress due to the water drag force only (excluding gravitational forces and differential temperatures).  It 
can be seen that for this span length bending stress from the drag force is not significant, even at the 
extreme water velocity of 3.44 ft/sec.  The figure shows that for water velocities below the extreme 
velocity the highest additive longitudinal stress is less than 33% SMYS.  
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Thickness of biota affects the results in two ways: first it increases the drag force; and second it 
increases pipe weight.  The solid lines in the figure represent the maximum and minimum longitudinal 
stresses for a pipe with no biota, while the dashed lines represent the longitudinal stresses for 1.0-inch 
and 6-inch biota thickness.  A comparison between the solid and dashed lines shows that the differences 
are insignificant relative to the material SMYS.  At water velocities equal to or less than 3.44 ft/sec (the 
extreme water velocity) a biota thickness of 1 inch increases the stresses by less than 1% SMYS 
compared to a pipe with no biota. A biota thickness of 6 inches increases the stresses by less than 4% 
SMYS compared to a pipe with no biota. The insensitivity of the longitudinal stress to biota thickness is 
because the longitudinal stress is dominated by the compression from the differential temperature and 
bending stress from the pipe and product weight.  Since biota thickness was found not to be an 
influential factor, in the reminder of this section the actual (measured) biota thickness of 1.0 inch was 
used.  

 

Figure 13. Longitudinal Stress vs Water Velocity for 75-foot Span 

Figure 14 shows a comparison between the longitudinal stresses for span lengths of 75, 90, and 140 
feet.  The data shows that (as expected) the span length plays a significant role in the longitudinal 
stresses.  Although water velocity has a substantial effect on the drag force, it does not appear to 
influence the longitudinal stresses for water velocities below about 8 ft/sec.  The insensitivity of the 
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longitudinal stress to water velocity is because of the dominance of the longitudinal compression from 
differential temperature and the weight of the pipe and product.   

 

 

Figure 14. Longitudinal Stress vs Water Velocity for 75- to 140-ft Spans 

Figure 15 shows the effect of the number of continuous spans on the longitudinal stress values.  Each 
curve in this figure is the maximum or minimum longitudinal stress versus water velocity.  The data is 
presented for one through four continuous spans, each 75 feet long.  Figure 17 shows similar graphs for 
one to four continuous 140-ft long spans.  Figure 17 shows the effect of the number of spans for 75- and 
140- foot spans.  In Figure 17 and Figure 18 the longitudinal and equivalent stresses are plotted against 
the number of spans for the extreme water velocity of 3.44 ft/sec.  Equivalent stresses in the figure are 
calculated as:  
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 ���� = ��� + �! + �� � �! Equation 2 

where 

"# is longitudinal stress, and "$ is hoop stress from internal pressure of 600 psig. 

The limits for the longitudinal and equivalent stresses are also marked on the figure in green dashed and 
red dashed-dotted lines, respectively.  Figure 15 through Figure 17 show that the number of continuous 
spans is not a very influential factor in the longitudinal and equivalent stress calculations.  Furthermore, 
Figure 15 and Figure 16 show the effect of the number of continuous spans does not vary with water 
velocity.  

 

Figure 15. Effect of the Number of Continuous Spans on the Longitudinal Stress in 75-ft Long Spans 
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Figure 16. Effect of the Number of Continuous Spans on Longitudinal Stress in 140-ft Long Spans  

 

Figure 17. Effect of the Number of Continuous Spans on the Longitudinal Stress   
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Figure 18. Effect of the Number of Continuous Spans on the Equivalent Stress   

 

Figure 19. Longitudinal and Equivalent Stresses vs Span Length (two Continuous Spans)  
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Figure 19 shows the longitudinal stress magnitude and the equivalent stress versus span length for when 
there are two continuous spans.  The stresses are presented for the extreme water velocity of 3.44 
ft/sec.  By limiting the allowable equivalent stress to the 0.9 SMYS limit, the allowable span length is 
determined as about 150 feet.  As discussed above (and shown in Figure 17 and Figure 18) the number 
of continuous spans up to four spans does not affect the calculated length. Furthermore, more than 4 
continuous spans does not increase the bending stress (e.g. see [7]). Based on the results presented in 
Figure 13 through Figure 18 combinations of a water velocity up to 8 ft/sec, a biota buildup of up to 6 
inches, and number of continuous spans do not affect the calculated stresses by more than 5% SMYS. 
The calculations of the span length used a conservative value for differential temperature and extreme 
water velocity of 3.44 ft/sec.  

VIBRATION INDUCED BY VORTEX-SHEDDING 

Introduction 
The steady flow of fluid around a cylindrical body creates a wake.  Under certain conditions, the wake is 
characterized by discrete vortices which form and then detach from the trailing surface of the body in an 
organized periodic fashion.  As each vortex detaches, momentary hydrodynamic lift and drag forces are 
produced giving rise to alternating inertial forces acting on the cylinder.  The vortices may shed 
simultaneously from the opposite trailing surfaces, causing pressure differentials in the direction of the 
flow, or alternate from the opposite tailing surfaces causing pressure differentials in the direction 
normal to the flow direction2. If the frequency of vortex shedding is close to the frequency of a 
fundamental mode of structural vibration, then the shedding synchronizes with the vibration frequency 
of the structure.  This condition is called vortex shedding lock-in.  Upon lock-in a low damped system 
resonance and large oscillation amplitudes occurs.  The non-dimensional shedding frequency is 
characterized by the Strouhal Number defined as 

 �� = 
� � ��  Equation 3 

where %& is the vortex shedding frequency, � is the hydrodynamic diameter, and ' is the mean water 
velocity.  The Strouhal Number is relatively constant and equal to approximately 0.2 at values of the 
Reynolds Number below 3.5x105.  The Reynolds Number is a dimensionless parameter that defines the 
flow regime, calculated as: 

2 Under certain conditions inline lock-in may accompany alternate vortex shedding. 
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 (� = � � � � �)  Equation 4 

where � is the fluid density and * is the fluid viscosity.  In a free spanning pipeline subjected to water 
velocity the onset of VIV is characterized by the dimensionless reduced velocity [8]:  

 ,( = ��
- � � Equation 5 

where '/ is the total water velocity (current plus the wave induced velocities) and %0 is the structural 
eigen frequency in the i’th fundamental mode.  VIV of a free spanning pipeline subjected to a flow 
current can take place in inline mode, cross flow mode, or a combination of both.  Inline mode is when 
the vibration is in the plane designated by the flow velocity vector and the pipeline, while the cross flow 
is normal to this plane.  VIV in each mode can take place within a limited range of reduced velocities. 
The lower limit of this range is known as the onset reduced velocity.  Thus, if the reduced velocity is 
lower than the onset reduced velocity VIV is completely avoided. Generally, the inline vibration has a 
lower onset reduced velocity (see Chapter 4 of DNVGL-RP-F105), but it has a lower vibration amplitude 
in the range of zero to 0.2D.  Cross flow VIV occurs at higher reduced velocities (about 3) and it usually 
has greater amplitudes up to 1.3D.  

VIV Analysis of Single Span 
In the ‘Engineering Analysis of Free Spans’ Section it was shown that free spans up to 150 ft long are 
acceptable under the worst loading combinations resulted from extreme water velocity and operating 
conditions.  The acceptance criteria were based on the maximum allowable longitudinal stresses of 
ASME B31.4.  In this section acceptable span lengths are calculated based on VIV avoidance criteria.  

VIV assessment of a single span was carried out following the DNVGL-RP-F105 methodology.  Section 2.3 
of this recommended practice (RP) sets forth the following ‘VIV Avoidance Criteria’ for the inline and 
cross flow vibrations, respectively: 

 
1!,	 > ��������3
,1!,(,456��1! �  Equation 6 

 
�7,	 > ��������3
,�7 �  Equation 7 

where 

%8#,9  , %;<,9 are the natural frequencies of the first participating inline and cross flow modes,  

� is outer hydrodynamic diameter, including any coating,  
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?@A/B@C@ is the extreme condition water velocity magnitude,  

DE,FGH@/8#   is the onset reduced velocity for the inline VIV, and 

IJ,8# , IJ,;< are natural frequency safety factors.   

The avoidance criteria require that span natural frequency in inline and cross flow directions be greater 
than the values calculated from the right sides of Equation 6 and Equation 7.  The onset VIV reduced 
velocities were calculated according to the inline response model described in Section 4.6 of DNVGL-RP-
F105.  A stability safety factor of 1.3 and onset reduced velocity safety factors of 1.1 and 1.2 for the 
inline and cross flow vibrations were incorporated in the calculations.  Table 5 lists the DNV safety 
factors which were used in the calculations.  

Table 5. DNVGL-RP-F105 Safety Factors 

Safety Factor Inline Value Cross flow 
DNVGL-RP-F105 

Reference 

Frequency 1.00 1.15 Table 2-3 

Onset reduced velocity 1.1 1.2 Table 2-2 

Stability parameter 1.3 1.3 Table 2-2 

Stress range  1.3 1.3 Table 2-2 

 

The natural frequency safety factors, IJ,8#and IJ,;< are provided in Table 2-3 of the DNVGL-RP-F105 as 

1.0 and 1.15 for well to very well defined spans in a high classification area.  Pipe natural frequency of 
vibration was calculated using the following equation from Section 6.8.2 of DNVGL-RP-F105:  

 
	 = �	K	 + ��7L M1�� � !�

N O	 + P�

PQ� + �R ST�U V Equation 8 

where 

�9 and �W are boundary condition coefficients given as 3.56 and 0.4 respectively for a single span on 
seabed,   

� is the pipe outer diameter,  

X is the Young’s modulus of pipe material,  
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Y is the second moment of area for the pipe section,  

�"Z is coating stiffness enhancement factor,  

[@JJ is effective span length,  

 \@ is pipe mass per length including the coating, product, and biota mass,  

]@JJ is effective axial load, 

]̂ B is critical buckling load, and 

 _ is static span deflection.  

The soil was assumed to be medium sand because, given the measured water velocities as discussed in 
the ‘Water Velocities’ section, fine particles would have been washed away by the relatively intense 
current in the Strait. The critical buckling load was calculated as: 

 PQ� = � (	 + ��7)b M1!�

  Equation 9 

where �c is a boundary coefficient given as 4.0 for a single span on a seabed.  The coating stiffness 
enhancement factor was calculated using the following equation from Section 6.3.7 of DNVGL-RP-F105: 

 ��7 = �. RR OM1Q4d�-5eM1f-f� V�.g
 Equation 10 

Free span lengths were calculated under a variety of conditions based on the avoidance criteria for cross 
flow and inline VIV.  Figure 20 shows allowable span length versus pipe axial stress calculated based on 
VIV avoidance criteria for three different water velocities when the pipelines carry liquid product with a 
0.868 specific gravity.  The model included 1.0-inch biota growth.  The three water velocities depicted in 
the figure represent 0.9, 1.0, and 1.1 times the extreme water velocity of 3.44 ft/sec.  These velocities 
are selected to demonstrate the sensitivity of the results to the water velocities.  The vertical red lines 
show a conservative range of operating axial stresses in the pipelines. The minimum axial stress is 
calculated by assuming zero internal pressure and a differential temperature of 30 F, while the 
maximum axial stress is calculated by assuming no differential temperature and an internal pressure of 
600 psig. These two scenarios are extreme cases and they do not necessarily exist in reality. The actual 
axial stress in the pipelines is expected to fall between the two red lines and normally within the 
compressive side because the pipeline operates at temperatures warmer than the water.     

The figure shows that tensile stress in the pipeline increases the frequency of vibration. Internal 
pressure tends to increase the axial tension and thereby the natural frequency of vibration. Zero internal 
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pressure represents the most conservative loading scenario and therefore this loading condition is 
utilized in the VIV assessment.  Based on the results presented in this figure the allowable span length is 
about 87 feet at the extreme water velocity for a single span.  In other words, when the span length of a 
single span is 87 ft or shorter VIV will be completely avoided under the extreme water velocity.  This 
span length is shorter than the 150 ft span length calculated in the ‘Engineering Analysis of Spans’ 
Section based on longitudinal stress limit.  Therefore, for these pipelines the VIV avoidance criteria is 
more stringent than the longitudinal stress limit of ASME B31.4.  

The results show that a higher compressive stress in the pipeline lowers the natural frequency of 
vibration, leading to a shorter span length.  For this reason in the remainder of this report the axial 
stress is set to the lowest value of Ä19.4% SMYS based on FEA results under the differential temperature 
of 30 F.  This value was calculated from the FEA models discussed in the ‘Engineering Analysis of Spans’ 
Section.  The inline onset reduced velocity was lower than the cross flow reduced velocity and therefore 
was the critical criterion in determining the allowable span length.  The inline onset reduced velocity for 
the pipelines was between 1 and 1.25 (with a safety factor of 1.1 included), while the cross flow onset 
reduced velocity was about 2.5 (with a safety factor of 1.2 included).  Figure 20 also shows that water 
velocity is a major factor affecting the span length.  A 10% increase in the water velocity reduces the 
acceptable span length from 87 to about 80 feet, while a 10% decrease in the water velocity, increases 
the span length to about 95 feet.  

As seen in Figure 20 the axial stress has a moderate influence on the span lengths.  The component of 
longitudinal stress due to internal pressure, with the pipeline in the least constrained condition, is at 
most half of the hoop stress.  Pressure induced axial stress under the maximum operating pressure of 
600 psig was assessed to have insignificant effect on the acceptable span length (<5%), and therefore 
the internal pressure component of the axial stress was ignored in the VIV assessment.   
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Figure 20. Allowable Span Length vs Axial Stress Based on VIV Avoidance Criteria for Three Water 
Velocities of . ��������� , ��������  , and 	. 	�������� 

Figure 21 shows the calculated span lengths versus water velocity for empty pipe, NGLs, and liquid 
product.  The plotted span lengths are calculated based on the VIV avoidance criteria (Equation 6 and 
Equation 7) to prevent VIV.  The vertical red line is at the extreme water velocity of 3.44 ft/sec.  The VIV 
avoidance span length from this figure is again 87 feet for a single span with NGLs or liquid products and 
it is not very sensitive to the product unit weight.  The empty pipeline was analyzed under a differential 
temperature of 15 F (versus 30 F for operating pipeline) because an empty pipe achieves thermal 
equilibrium with the water very quickly.  
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Figure 21. Allowable Span Length vs Water Velocity for Various Product Types 

Figure 22 show the effect of biota thickness on the VIV avoidance span length.  The biota thickness is 
seen not to affect the span length significantly.  Although, variations of biota thickness change the 
natural frequency of vibration, for the range of water velocities and biota thicknesses examined in this 
work the change is offset by a corresponding increase or decrease of the pipe hydrodynamic diameter 
and VIV onset reduced velocity.  In essence the VIV analysis showed that spans with lengths equal to or 
shorter than 87 feet will not experience VIV when exposed to the extreme water velocity.  The analysis 
used all the design safety factors recommended in DNVGL-RP-F105 (Table 5), and therefore is believed 
to be conservative.   

The maximum measured thickness of biota was 1 inch. Information provided by Enbridge indicates that 
biota was introduced to the Great Lakes about 20 year ago. Therefore, it is not expected that the biota 
growth on the pipeline exceeds 6 inches of thickness.  
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Figure 22. Allowable Span Length vs Water Velocity for Various Biota Buildups 

 

FEA Sensitivity Analysis 

FEA Model Calibration and Single Span Sensitivity Analysis 

Modal FEA analysis was conducted in ANSYS FEA package.  As recommended in DNVGL-RP-F105 the 
model analysis used the pre-stress option to account for the axial and bending stresses from differential 
temperature, gravitational, buoyancy and drag forces. Table 6 shows a comparison between the FEA 
results and the analytical results for a single span with 1.0 inch of Biota and light crude product. 

 Table 6. Comparison between the FEA and Analytical Results 

Parameter DNVGL-RP-F105 FEA 

Mode 1 inline frequency 2.106 Hz 2.113 Hz 
Mode 1 cross flow frequency 2.234 Hz 2.240 Hz 
Inline maximum unit diameter 
stress amplitude 

85.5 ksi  82 ksi  
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Maximum unit diameter stress amplitude (MUDSA) represents cyclic stress amplitude during vibration in 
a given mode shape which is normalized by pipe diameter.  Conversely, cyclic stress can be calculated by 
multiplying maximum pipe deflection by MUDSA and dividing by pipe diameter.  The maximum pipe 
deflection can be determined following the methods described in sections 4.4 and 4.6 of DNVGL-RP-
F105.  Section 6.8.3 of DNVGL-RP-F105 contains the following equations for MUDSA: 

 h1!/�7,	�d� =  �N(	 + ��7) � � M � j!�

   Equation 11 

 �N = 	N. 	 O !!�

V 
 shoulder 

Equation 12 

 �N = k. l mid-span 

where m represents the position of the point of interest with respect to the neutral axis (e.g.  m = 0.5�H  
for weld toe).  All the other parameters are as previously defined. MUDSA was also calculated based on 
the FEA mode shapes and resultant modal stresses. 

FEA simulations were first performed to confirm some of the sensitivity results presented in the 
previous section.  Figure 23 shows a comparison between FEA and analytical results (DNV RPs 
equations) for the effect of biota thickness on the inline and cross flow fundamental frequencies.  The 
two methods are in a good agreement for a biota range of zero to 6 inches.  This shows that the results 
discussed in the ‘VIV Analysis of Single Span’ section are consistent with the FEA data.  

Figure 24 shows the results of a sensitivity analysis on pipe mass per unit length.  The FEA results are 
normalized by dividing pipe mass and Mode 1 inline frequencies to those of a benchmark case.  The 
benchmark case was selected to be a pipe with liquid product and no biota built up. The mass ratio 
represents the actual mass of the pipeline with liquid product and coating (the added mass was 
excluded from the ratio because it is not a physical quantity).  The continuous brown line in the graph 
represents the analytical trend from Equation 8, including the effect of soil support on the shoulders.  It 
can be seen that the FEA results match the analytical trends closely.  
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Figure 23. Effect of Biota Thickness on the Span Frequency; FEA vs Analytical Results  

 

Figure 24. Effect of Pipe Mass on Mode 1 Inline Frequency of Vibration  
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Figure 25 shows the axial stress sensitivity analysis results for a single 75-foot long span with 1.0 inch of 
biota.  The horizontal axis is the pipe axial stress as a percent of SMYS.  The left vertical axis is Mode 1 
frequency, while the right vertical axis is the MUDSA in ksi.  The continuous lines in the figure represent 
analytical results per DNV RPs and the individual symbols are the FEA results.  The figure shows good 
agreement between the analytical and FEA results for a single span.   

 

Figure 25. Modal FEA Sensitivity Results for Pipe Axial Stress  

Multiple Span Analysis 

Multiple continuous spans are known to decrease the natural frequency of vibration [1], [7].  Modal FEA 
were performed to study the sensitivity of frequency and MUDSA to the number of continuous spans.  
The mid-span support stiffness values listed in Table 3 were built into the FEA models.  

Figure 26 shows the results of modal FEA for 1 through 4 continuous 75-foot spans.  The horizontal axis 
of the graph is the number of continuous spans and the vertical axis is normalized frequency and 
MUDSA values.  Each value is normalized by dividing the value to the corresponding single span value.  
For example Mode 1 inline frequencies are divided by Mode 1 inline frequency of a single 75-foot long 
span.  Similarly Mode 1 cross flow frequencies are divided by the Mode 1 cross flow frequency of a 
single 75-foot long span.  The graph represents how the number of continuous spans affects these 
parameters in a relative sense.  Frequency decreases with the increasing number of spans, however the 
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graphs level off as the number of continuous spans increase.  MUDSA shows some dependence with the 
number of continuous spans, but overall it does not decrease significantly with increasing number of 
continuous spans.  The horizontal red and orange lines represent the avoidance criteria for the inline 
and cross flow VIV.  As shown in the figure, with two or more continuous spans, the pipelines may 
potentially violate the inline avoidance criterion, while they meet the cross flow avoidance criterion.  

 

Figure 26. Modal Multi-Span FEA Results 

Inline fatigue assessments were conducted to assess 100-year cumulative fatigue damage for 2 or more 
continuous spans.  The fatigue calculations followed DNVGL-RP-F105 guidance.  Cyclic stress magnitudes 
were calculated based on the MUDSA values and intensified using the pertinent DNV safety factors 
listed in the last row of Table 5.  Stress concentration factor and fatigue resistance (S-N curve) 
parameters were based on DNVGL-RP-C203, Table 2-1, F3 [9].  The assessment showed that 100-year 
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cumulative fatigue damage in the pipelines was negligible for one through four continuous spans, each 
75 feet long.  The highest calculated fatigue index was 0.003 corresponding to four continuous spans3.  

An increase in the number of spans is not expected to change the results significantly because the 
frequency of vibration becomes insensitive to the number of span beyond four [7]. A review of the span 
information provided by Enbridge shows that only 4 spans are 70 feet or longer, with the longest span 
being 72 feet. No portion of the pipeline contains two consecutive spans longer than 70 feet.  Therefore, 
the study results for the four continuous 75-foot spans case is conservative.   

DISCUSSION 
The approach undertaken in the study was to determine allowable span lengths to prevent fatigue 
damage accumulation.  The study showed that when a single free span or two continuous spans were 
limited to 75 feet no future fatigue damage to the pipelines would be anticipated.  When three or four 
continuous spans were present, the respective portion of the pipeline did not meet the inline VIV 
avoidance criterion but fatigue assessment indicated negligible fatigue accumulation.  

The presence of biota is expected to reduce the likelihood and intensity of VIV because of the uneven 
and non-uniform surface texture.  In order for VIV lock-in to occur vortices should shed at the same 
frequency along a significant portion of the pipeline as determined by the mode shape of a participating 
vibration.  Unevenness of the pipe surface is expected to make this much less likely as compared to a 
smooth pipe, first because it causes turbulence which tends to make the shedding aperiodic, and second 
because the conditions of the pipe surface vary along the length, making it less likely that vortices shed 
in harmony along a long portion of the pipelines.  However, since the effect of surface roughness is 
difficult to quantify, it was ignored in the assessment.  The effect can be considered as an added safety 
factor.    

According to the technical memorandum published by NOAA in 1988 [10] the maximum ice buildup 
reported at the pipeline area was approximately 2 feet. The exposed portions of the pipeline are deeper 
than 65 feet.  As such, the ice buildup in the Strait does not exceed 65 feet and the ice is not considered 
to be a threat to the exposed pipelines in the crossing.  

3 For a given cyclic stress amplitude, the fatigue index increases with the number of cycles. Theoretical fatigue limit is when the index reaches 
unity. 
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The assessment contains a sufficient safety factor to cover normal variations in the biota thickness 
(including future growth up to 6 inches).  Furthermore, normal variation in the product density (for the 
two product type studied, namely light crude and NGL) is not expected to affect the results. 
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