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LIST OF ACRONYMS 

COC Chain of Custody 
Enbridge Enbridge Energy, Limited Partnership 
ft bgs Feet Below Ground Surface 
GPS Global Positioning System 

Line 6B The pipeline owned by Enbridge Energy, Limited Partnership that runs just 
south of Marshall, Michigan 

LNAPL Light Non-aqueous Phase Liquid 
MDEQ Michigan Department of Environmental Quality 
ml Milliliter 
MP Mile Post 
NFA No Further Action 
Part 201 Part 201 of Michigan’s Act 451 of 1994, as amended 
PID Photoionization Detector 
PNAs Polynuclear Aromatic Hydrocarbons 
PTS PTS Labs of Santa Fe, California 
PVC Polyvinyl Chloride 
QAPP Quality Assurance Project Plan 
RAWP Response Action Work Plan 
RI Remedial Investigation 
SARP Source Area Response Plan 
SOP Standard Operating Procedure 
TOC Total Organic Carbon 
USCS Unified Soil Classification System 
U.S. EPA United States Environmental Protection Agency 
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VOCs Volatile Organic Compounds 
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1.0   INTRODUCTION 

On July 26, 2010, Enbridge Energy, Limited Partnership (Enbridge) discovered a release of 

crude oil from the pipeline owned by Enbridge that runs just south of Marshall, Michigan (Line 

6B) in the vicinity of its pump station.  The crude oil was released below grade level via a break 

in Line 6B, emerged onto the ground surface, flowed over land following the natural topography 

into Talmadge Creek, and proceeded to flow downstream into the Kalamazoo River.  Following 

the release, Enbridge performed response activities under the direction of the United States 

Environmental Protection Agency (U.S. EPA) and the Michigan Department of Environmental 

Quality (MDEQ) to remove oil from the system and respond to the release. 

The area in which the break in the pipeline is located, the Source Area, is comprised of an 

approximate 5-acre parcel, adjacent to the Enbridge Line 6B Mile Post (MP) 608 pipeline 

release location, and divided into four Sub-Units designated as A-1 through A-4 (Figure 1). 

1.1 Previous Investigations 

Response activities at the Source Area were conducted in accordance with the Source Area 

Response Plan (Enbridge, 2010a) approved by the U.S. EPA on August 17, 2010 (SARP).  

Results of these activities were presented in the Source Area Response Completion Report 

(Enbridge, 2010b) submitted to the U.S. EPA on September 2, 2010.  The Remedial 

Investigation Work Plan Division A1 through A4 (Enbridge, 2010c) submitted to the MDEQ 

(formerly the Michigan Department of Natural Resources and Environment) on September 28, 

2010 was developed to assess response activities and determine gaps in the analytical data at 

the Source Area with the presentation and interpretation of the data derived presented in the 

Remedial Investigation Source Area (Divisions A1 through A4) (Enbridge, 2011a) submitted to 

the MDEQ on March 21, 2011. 

To further investigate residual oil impact in Sub-Unit A-1, the Investigation Work Plan for Source 

Area (A1) (Enbridge, 2012a) approved by the U.S. EPA on May 21, 2012 was developed.  A 

courtesy copy was also submitted to the MDEQ.  Field activities were performed from June 7 

through and including June 8, 2012.  Results from this investigation were presented in the 

memorandum Summary of Findings for the Investigation Work Plan for Source Area (A1) 

(Enbridge, 2012b) submitted to the U.S. EPA on July 6, 2012.  Additional investigation activities 

(soil borings, temporary well installation, and groundwater sampling) in Sub-Units A-2 and A-3 
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were performed from July 18 through and including August 3, 2012 as an extension of the 

Investigation Work Plan for Source Area (A1) (Enbridge, 2012a). 

At the request of Enbridge, the MDEQ and its professional services contractor, Weston 

Solutions, Inc., completed a review of available information from these previous investigations 

and response activities completed at the Source Area Sub-Units A-1 to A-4.  The purpose of the 

July 25, 2012 review was to identify potential data gaps, recognized environmental conditions 

that may remain, and potentially unacceptable risks that may need to be addressed to comply 

with Part 201 of Michigan’s Act 451 of 1994 as amended (Part 201). 

The MDEQ review identified several areas of concern within each Sub-Unit where MDEQ 

asserted the nature and extent of submerged oil, residual oil, and the associated hazardous 

substance constituents were not clearly defined.  In particular, the MDEQ expressed concerns 

regarding the following: 

• Potential for submerged and residual oil along the pipeline corridor,  

• A linear area in Sub-Units A-1 and A-2, and  

• An isolated area in Sub-Unit A-3.   

The activities in the Response Action Work Plan for the Source Area (Enbridge, 2012c) 

approved by the MDEQ on September 14, 2012 (RAWP) were proposed to address these areas 

of concern, as were the additional investigation activities performed in July through early August 

2012 following the methods of the Investigation Work Plan for Source Area (A1) (Enbridge, 

2012a) approved by the U.S. EPA on May 21, 2012. 

RAWP activities were completed by September 27, 2012 and subsequently presented in the 

Report of Findings for Response Action at the Source Area (Enbridge, 2013) submitted to the 

MDEQ on January 25, 2013.  The report found that concentrations of benzene and xylenes in 

two isolated areas (SSSA0025R0162 and SSSA0025R0154, respectively) of Sub-Unit A-1 

indicated further investigation and evaluation would be necessary. 

This Remedial Investigation (RI) work plan was developed to address these remaining residual 

impacts.  The work plan was originally submitted to MDEQ for approval on April 19, 2013.  A 

review was conducted by MDEQ and comments were supplied to Enbridge on April 29, 2013.  

Enbridge modified the work plan according to comments provided and resubmitted it to MDEQ 

as “Approved with Modifications” on May 6, 2013.  In meetings following this submission, and as 
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detailed in a July 26, 2013 letter, MDEQ expressed some issues with the responses provided by 

Enbridge and indicated that the work plan was considered to be “Disapproved” by the Agency. 

Excavation and line replacement activities were performed from May 15 through and including 

May 29, 2013, after submittal of the modified RI work plan.  During the excavation, sheen, 

visible oil, and oil globules was observed by Enbridge and MDEQ oversight personnel at eight 

areas (MDEQ Observations A through H, Figure 2, Sheet 2) along the length of the excavation.     

MDEQ Observations A through H compiled on May 20 and 21, 2013 were as follows: 

• A – Visible oil and sheen on soil (2 to 4 feet below ground surface (ft bgs), visible oil and 

sheen on water within the excavation, 

• B - Visible oil and sheen on soil (2 to 4 ft bgs) and odor present, 

• C - Sheen on water within the excavation, 

• D - Sheen on water within the excavation, 

• E - Visible oil and sheen on soil at bottom of excavation (10 ft bgs), 

• F – Sheen on surface water outside of the excavation, 

• G - Visible oil and sheen on soil at bottom of the excavation (10 ft bgs)  

(possible slough), and 

• H - Sheen and oil globules on water within the excavation. 

Investigation activities associated with these eight additional areas have been proposed as part 

of this resubmitted document and are described in Section 2.3 of this work plan. 

1.2 Objective 

In ongoing discussions regarding the Source Area, MDEQ has indicated the presence of data 

gaps within the current data set.  In a meeting on May 15, 2013, MDEQ identified three distinct 

locations that warrant further investigation as follows: 

• The pipeline corridor containing Line 6B and the adjacent Vector Pipeline (additional 

information to determine the potential for preferential pathways in the pipeline corridor), 

• The location of the July 26, 2010 Line 6B pipeline break (vertical groundwater profiling to 

determine the vertical extent of impacts), and 

• The locations of isolated exceedances of soil criteria (additional information to determine 

the extent of impacts). 
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The objective of this work plan is to gather sufficient information to define the nature and extent 

of remaining petroleum impacts in the identified locations at the Source Area.  Information 

collected will be used to identify exposure pathways; evaluate the risk to human health and the 

environment posed by remaining residual oil impact in this section of the overbank area; assist 

in the characterization and evaluation of the ecological sensitivity of this area; and assess 

compliance with Part 201 rules and regulations.  

The proposed investigation activities in this work plan are being performed for the MDEQ under 

the Administrative Consent Order and Partial Settlement Agreement entered In the Matter of 

Enbridge Energy Partners, L.P., and Enbridge Energy, Limited Partnership, proceedings under 

the Michigan Natural Resources and Environmental Protection Act, 1994 PA 451, as amended, 

MCL 324.101 et seq. signed November 1, 2010 (MDEQ, 2010).  

Information obtained from these activities will be used to propose additional investigation and/or 

response activities, as necessary, and in the preparation of a No Further Action (NFA) Report 

for the Source Area and surrounding properties.  Data gaps recognized through implementation 

of these investigations and by the evaluation of field observations and analytical results from 

this and previous investigations will be further investigated during this RI.  Information collected 

during previous investigations at these locations will also be incorporated into the NFA Report. 

1.3 Remedial Investigation Field Approach  

Implementation of the RI will be completed in Sub-Units A-1, A-2, A-3, and A-4 of the Source 

Area, the surrounding area, and Sub-Unit A-5 of Talmadge Creek (Figure 1).  Work components 

in the field will include the following tasks: 

• Use of global positioning system (GPS) to locate pre-determined sample locations, 

• Visual identification and location of any remaining residual oil impact (e.g., oil globules, 

staining, etc.),  

• Installation of soil borings at pre-determined and field-selected locations,  

• Installation and development of temporary and permanent monitoring wells,   

• Survey of the horizontal and vertical coordinates of newly installed permanent monitoring 

wells,  

• Collection of soil and groundwater samples for laboratory analysis,  

• Collection of groundwater elevation data from all permanent monitoring wells, and 
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• Removal of temporary wells and abandonment of soil borings. 

The following paragraphs present the anticipated sequencing of field activities, the organization 

of RI sampling teams, media to be sampled, and sampling methods.  

Field work will be generally sequenced at each of the proposed boring locations shown on 

Figure 2 as follows: 

1. Delineation of areas of previous investigations where analytical results exceeded Part 

201. 

2. Installation of soil borings, collection of soil cores, core logging, and soil sample 

collection. 

3. Use of GPS units to collect horizontal coordinates of all field-selected boring locations. 

4. Installation of temporary and permanent monitoring wells, well purging, and low-flow 

groundwater sample collection. 

5. Survey of the horizontal coordinates of newly installed temporary wells. 

6. Survey of the horizontal and vertical coordinates of newly installed permanent monitoring 

wells. 

7. Temporary well removal and soil boring abandonment. 

The RI will be conducted using a team approach in which teams will be assigned specific 

subsections of the investigation area.  Team organization and responsibilities include: 

• Team Lead/Geologist:  Supervises field work at site, directs team, makes field decisions, 

measures settled core recovery, and logs soil cores, 

• Yuma Operator:  Locates pre-determined soil boring locations, captures geo-reference 

(horizontal coordinates) data of pre-determined and field-selected borings, and takes 

photographs (general locations and cores), 

• Coring Team:  Utilizes equipment to collect soil cores and measures field core recovery, 

• Core Preparer/Sampler:  Retrieves core from Coring Team, cuts core, collects field 

ultraviolet (UV) light screening information, and collects appropriate samples from core 

for laboratory analysis, and 

• Groundwater Sampler:  Measures depth to groundwater in all monitoring wells, and 

completes groundwater sampling utilizing low-flow techniques. 
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Actual team responsibilities will be dependent on field conditions and at the discretion of the 

Team Lead/Geologist.  All team activities will be coordinated with MDEQ personnel to allow for 

oversight and the collection of split samples. 

Activities and observations made by each team will be documented in log books, field forms, 

and/or electronic capture.  Field sampling locations will be geo-referenced for incorporation into 

the comprehensive Geographic Information System that exists for this project. 

2.0   REMEDIAL INVESTIGATION OF MEDIA 

This section describes the methods and approaches that will be used to collect representative 

samples from soil and groundwater from distinct locations identified by MDEQ.  For this RI, 

investigation methods will include visual observation of the soil cores, field screening, and 

quantitative analysis.  Samples will be collected using Standard Operating Procedures (SOPs) 

provided in the Sampling and Analysis Plan (Enbridge, 2011b) approved by the MDEQ on 

August 30, 2011 and the Quality Assurance Project Plan (QAPP) (Enbridge, 2011c) approved 

by the MDEQ on August 19, 2011 (QAPP).  If field observations and/or analytical results 

indicate that additional investigative activities are required, those additional activities will be 

performed following the methods and SOPs referenced in this work plan.  The following sections 

describe the rationale behind the collection of additional data by media type. 

2.1 Soil Boring Installation 

2.1.1 Step-out Borings 
Additional soil samples are proposed for collection from pre-determined locations in the 

investigation area where historic information (e.g., MDEQ review, response activities, etc.) 

indicates a concern (Figure 2).   

Proposed soil boring locations are presented in Figure 2 as step-out borings to those soil 

borings that exhibited exceedances of Part 201 criteria.  Step-out soil borings are proposed as 

follows: 

• Four borings at SSSA0025R0154:  Total xylenes exceeded Part 201 criteria at 1.5 ft 

bgs, 
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• Three borings at SSSA0025R0162:  Benzene exceeded Part 201 criteria at 1.0 ft bgs.  

One of these borings will also have a permanent monitoring well installed to screen for 

light non-aqueous phase liquid (LNAPL) (Section 2.3), 

• Three borings at ESTC0000R020:  Several volatile organic compounds (VOCs) 

exceeded Part 201 criteria at 3.5 ft bgs, and 

• Three borings at ESTC0000R029:  Several VOCs exceeded Part 201 criteria at 3.5 ft. 

bgs. 

Note that locations with only three proposed step-out borings are delineated by existing borings.  

The spacing between soil borings for characterizing petroleum impacts will be dependent on 

field conditions and decided in the field by the Team Lead/Geologist.  Field decisions on soil 

boring locations and number will be biased toward visual observations of residual oil, areas with 

the potential for residual oil impact, and areas of previous investigations.  Proposed locations 

will be adjusted to maintain a safe working distance from the pipelines. 

Installation of step-out borings and soil sample analysis, as well as potential groundwater 

sampling via temporary monitoring wells, will delineate the horizontal and vertical extent of 

impact at these locations.  Permanent monitoring wells will be installed for the purposes of 

groundwater sampling, groundwater flow determination, and, if present, LNAPL screening (See 

Section 2.2). 

2.1.2 Soil Coring  
Soil cores will be collected utilizing the direct push sampling method by a track mounted or 

marsh buggy Geoprobe® drilling rig, a hand probe, or other similar device.  The drilling method 

for each location is dependent on access and site conditions, and will be completed in 

accordance with SOP EN-301 (Enbridge, 2011b) and SOP EN-305 (Enbridge, 2011b).  Soil 

cores will be collected in 4-foot long intervals to the desired termination depth.  The termination 

depth for each soil boring will be at a depth sufficient to define the vertical extent of 

contamination or to refusal.  If visual or analytical data indicate that impact extends below the 

termination of the boring, alternate soil boring advancement techniques may be implemented to 

achieve the objectives of vertical delineation.   

2.1.3 Soil Logging and Screening 
After the soil core is removed from the borehole, it will be opened, visually evaluated, screened 

with a photoionization detector (PID), photographed under white and UV light, visually screened 
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under UV light within a darkroom, measured for recovery, and logged using the Unified Soil 

Classification System (USCS).  Discrete soil samples will be collected from each core for 

subsequent laboratory analysis from the interval with the greatest potential for petroleum 

hydrocarbon impact.  Soil samples will be collected immediately following core opening and 

visual and UV light observations.  

The observations made during this process for the presence of petroleum hydrocarbon impacts, 

UV fluorescence, and lithology will be recorded and the real-time data will be used to assist the 

Team Lead/Geologist in determining if further advancement of the soil boring and/or additional 

borings is required to achieve the RI objectives and lateral delineation.  Lateral delineation will 

continue until the area is sufficiently characterized.  If analytical results indicate further 

delineation is required, additional soil borings will be advanced and samples will be collected. 

In the event that LNAPL, in the form of visible oil and/or UV-fluoresced oil is found in soil borings 

at the Source Area, up to three additional soil cores may be collected from the impacted location 

and submitted to PTS Labs of Santa Fe, California (PTS) for analysis of petro-physical 

parameters including UV photography, pore saturation (Recommended Practices for Core 

Analysis (API RP40) (API, 1998)), and LNAPL mobility testing (Standard Method for Centrifuge 

Moisture Equivalent of Soils (ASTM D425-88) (ASTM, 2008) (Attachment A).   

2.1.4 Soil Sampling for Analysis 
Up to three soil samples will be collected for chemical analysis from each field sampling 

location.  As a general guideline, samples will be collected as follows: 

• One sample will be collected from above the water table that shows the highest potential 

for petroleum hydrocarbon impact (visual or UV observation).  If no petroleum 

hydrocarbon impact is observed, the sample will be collected from the interval 

immediately above the water table (capillary fringe).  Additional samples may be 

collected at the discretion of the Team Lead/Geologist based on lithology, adjacent 

borings, etc. 

• To define vertical extent, one sample, that shows no petroleum hydrocarbon impact 

(visual or UV observation) will be collected from the interval directly below the interval 

that exhibits the highest potential for impact. 

• At the discretion of the Team Lead/Geologist, one sample may also be collected from 

below the water table for subsequent laboratory analysis. 
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Soil sampling will be conducted in accordance with SOP EN-301 (Enbridge, 2011b) and the 

QAPP. 

Per RRD Operational Memorandum 2: “Neither soil nor water sample analyses methods are 

appropriate for comparison of saturated “soils” samples to generic soil or groundwater cleanup 

criteria” (MDEQ, 2004).  As such, if saturated subsurface conditions are present, a temporary 

well will be installed and a groundwater sample will be collected and analyzed.  As suggested in 

the Draft for Discussion “Enbridge issues and Potential Resolution Items” document provided by 

MDEQ for discussion at the 8/29/2013 meeting, in areas that exhibit evidence of NAPL impacts 

(e.g. fluorescence, visual oil, etc.), Enbridge will continue to collect water-saturated soil samples 

for comparison to the “dry” soil criteria.  If there are compounds that exceed the “dry” soil 

criteria, additional risk assessments and/or presumptive remedies could be employed. 

2.1.5 Soil Analyses 
Discrete soil samples will be collected from the core and sent to the laboratory for analysis.  

Soils will be analyzed for residual oil-related parameters including polynuclear aromatic 

hydrocarbons (PNAs), VOCs, and the select metals beryllium, molybdenum, nickel, and 

vanadium.  Hold times and sample preservation methods will be followed as presented in the 

QAPP.  Additional analyses (e.g., synthetic precipitation leaching procedure analysis (per 

Attachment B and RRD Operational Memorandum 2 Attachment 2), total organic carbon (TOC) 

content, bulk density, etc.) may also be conducted as appropriate. 

The soil samples will be transported under chain of custody (COC) control in accordance with 

SOP EN-102 (Enbridge, 2011b) to ALS Laboratory Services in Holland, Michigan for analyses. 

In the event that LNAPL is found in soil borings at the Source Area and additional soil cores are 

collected, the cores will be sealed and frozen prior to submittal under COC control to PTS for 

analyses in accordance with the methods described in Attachment A.  The Standard Method for 

Centrifuge Moisture Equivalent of Soils (ASTM D425-88) (ASTM, 2008) and Recommended 

Practices for Core Analysis (API RP40) (API, 1998) analyses will provide results of potential 

LNAPL mobility and percent residual LNAPL saturation within the collected soils. 

2.2 Groundwater 

Groundwater will be sampled through the use of temporary and permanent monitoring wells.  

Previous exceedances of MDEQ groundwater cleanup criteria, current visual and/or UV 
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observations of residual oil below the observed depth of groundwater, and field observation of 

residual oil in the groundwater, if present, will be used to determine locations of the proposed 

wells and well screen intervals.  In addition, vertical profiling of the groundwater will be utilized 

for the optimal placement of screened intervals.  Locations of the proposed temporary and 

permanent monitoring wells are included in Figure 2.  Benzene exceeded Part 201 criteria in 

temporary wells at SBSA0125 and SBSA0139.  Permanent monitoring wells are proposed 

downgradient of these two wells based on groundwater flow maps presented in Remedial 

Investigation Source Area (Division A1 through A4) (Enbridge, 2011a) submitted to MDEQ on 

March 21, 2011. 

Installation of additional permanent monitoring wells within the pipeline corridor will be used to 

further evaluate groundwater flow and the vertical and horizontal extent of residual oil impact 

within the corridor, and adjacent to and downgradient of the Line 6B release location.  

Groundwater elevation measurements will be collected from all existing Source Area monitoring 

wells and groundwater flow directions will be determined prior to soil boring and well 

installations to assure that proposed monitoring wells are optimally located to achieve project 

objectives. 

2.2.1 Well Installation 
Paired (deep/shallow) temporary monitoring wells will be installed at the proposed locations 

shown on Figure 2.  Samples will be collected from these temporary wells and analyzed to 

vertically profile groundwater quality and determine potential impact from the residual oil.  

The temporary wells will be constructed of 1-inch diameter, schedule 40 polyvinyl chloride 

(PVC) riser with 10-slot (0.010-inch) PVC well screen and an end cap.  A deep well screen (1-

foot in length) will be set at the bottom of the borehole (up to 10 feet bgs).  A shallow well 

screen (5-foot in length) will be set to straddle the water table and capillary fringe.  If field 

conditions require (i.e., limited or no natural collapse), a sand pack will be placed around the 

screen and bentonite chips will extend from the top of the filter pack to ground surface so that 

surface water does not enter the well from above the screened interval.  Well screen lengths 

and intervals will be adjusted to the zone of greatest impact based on field observations of 

subsurface conditions.  

Field procedures for temporary well installation will include: 
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• Measure the depth to groundwater in the borehole once the boring termination is 

reached. 

• Assemble and install the deep temporary well. 

• Assemble and install the shallow temporary well in a borehole adjacent to the deep well 

so that the PVC screen straddles the water table and capillary fringe.  Field screening 

the borehole cuttings with a PID will be performed to aid in determining the shallow well 

screen interval.  If depth to groundwater is less than 1 foot, the well screen will be set a 

minimum of 0.5 ft bgs. 

• If necessary (i.e., limited or no natural collapse), place a sand/gravel pack in the annular 

space between screen and borehole to a level of approximately one to two feet above 

the top of screen.  If the depth to groundwater is less than 1 ft bgs a sand/gravel pack 

extending only several inches above the top of the screen will be installed.  A bentonite 

seal will be placed on top of the sand/gravel pack to grade. 

• Purge temporary wells until visibly clear of sediment or until dry.  If a temporary well 

purges dry, the well will be allowed to recharge for 12 to 24 hours prior to groundwater 

sample collection. 

Once groundwater samples are collected, the temporary wells will be removed and the borehole 

will be backfilled with bentonite pellets to the ground surface.  

Permanent monitoring wells will be constructed and installed per the approved SOP EN-401 

(Enbridge, 2011b).  Depending on analytical results, additional temporary and/or permanent 

monitoring wells may prove necessary.  A nested trio of permanent monitoring wells will be 

installed at the proposed locations to assess the horizontal and vertical nature of potential 

groundwater impact in the pipeline corridor and adjacent to the Line 6B break.  Monitoring well 

screens will be set at 15 to 20 ft bgs to monitor groundwater below the Line 6B pipeline, 7 to 12 

ft bgs to monitor groundwater at the level of the Line 6B pipeline, and a screen will be set 

straddling the water table.  If depth to groundwater is less than 1 foot, the well screen will be set 

a minimum of 0.5 ft bgs. 

Newly installed permanent wells will be developed per the approved SOP EN-402 (Enbridge, 

2011b) prior to groundwater sampling. 

Newly installed permanent monitoring wells will be surveyed to the Michigan State Plane 

Coordinate System and the North American Datum 1983 international feet.  The top of casing 
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elevation will be determined to the nearest 0.01 foot, and the x, y location and ground surface 

elevation will be determined to the nearest 0.1 foot. 

2.2.2 Groundwater Sampling for Analysis 
Groundwater samples will be obtained from all existing and newly installed wells utilizing low 

flow sampling methods in accordance with the approved SOP EN-406 (Enbridge, 2011b).  As 

part of the groundwater sampling technique, each well will be evaluated for the presence of 

LNAPL with an oil-water interface probe.  Static water levels in permanent monitoring wells will 

be measured prior to sample collection.  These measurements will be utilized to interpret 

current and seasonal horizontal and vertical groundwater flow.  The intake depth of sample 

tubing used in groundwater sampling will be adjusted based on the observed depth of impacted 

soil and the height of the water column in the monitoring well. 

2.2.3 Groundwater Analysis 
Groundwater samples will be transported under COC control to ALS Laboratory Services in 

Holland, Michigan for analyses.  The samples will be analyzed for PNAs, VOCs, and the select 

metals beryllium, molybdenum, nickel, and vanadium.  Hold times and sample preservation 

methods are presented in the QAPP (Enbridge, 2011c). 

If LNAPL is encountered during groundwater sampling in sufficient volume (150 milliliters (ml) 

minimum per PTS), up to three LNAPL samples will be submitted to PTS for hydrocarbon 

characterization and fluid property analyses, including specific gravity (Standard Test Method 

for Density and Relative Density (Specific Gravity) of Viscous Materials by Lipkin Bicapillary 

Pycnometer (ASTM D1481-12) (ASTM, 2012a), viscosity (Standard Test Method Kinematic 

Viscosity of Transparent and Opaque Liquids (and Calculation of Dynamic Viscosity) (ASTM 

D445-12) (ASTM, 2012b), and surface tension (Standard Test Method for Interfacial Tension of 

Oil Against Water by the Rind Method (ASTM D971-12) (ASTM, 2012c), to evaluate LNAPL 

behavior in the subsurface. 

2.3 Additional Monitoring Wells 

Groundwater will be monitored, sampled, and screened for LNAPL through the use of additional 

permanent monitoring wells.  Field observations of residual oil in the Line 6B replacement 

excavation as summarized by MDEQ oversight personnel will be used to determine locations for 

these additional monitoring wells.  Proposed locations of these permanent monitoring wells are 

included in Figure 2.  Each location is proposed downgradient of these observations based on 
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groundwater flow maps presented in Remedial Investigation Source Area (Division A1 through 

A4) (Enbridge, 2011a) submitted to MDEQ on March 21, 2011. 

2.3.1 Additional Monitoring Well Installation 
Permanent monitoring wells will be installed at the proposed locations shown on Figure 2.  

Samples will be collected from these wells and analyzed to determine groundwater quality and 

potential impact from the residual oil.  Vertical profiling of the groundwater will be conducted to 

determine the presence and vertical distribution of Line 6B crude oil contaminants and to assist 

in the optimal placement of screened intervals.  Vertical profiling will be performed via direct-

push methods utilizing a Geoprobe® Screen Point 22 Groundwater Sampler as described in 

Geoprobe® Screen Point 22 Groundwater Sampler Standard Operating Procedure Technical 

Bulletin No. MK3173 (Geoprobe Systems®, 2010) (Attachment C).  Alternate sampling 

equipment (e.g., ¾-inch to 1-inch PVC screens, Geoprobe® Screen Point 16 Groundwater 

Sampler, etc.) may be utilized based on subsurface conditions to optimize groundwater profiling. 

Permanent monitoring wells will be constructed and installed per the approved SOP EN-401 

(Enbridge, 2011b).  Stainless-steel well screens will be set to straddle the water table and 

capillary fringe with a minimum of 1 foot of screen above the groundwater table.  If depth to 

groundwater is less than 1 foot, the well screen will be set a minimum of 0.5 ft bgs.  Bottom of 

the well screen will correspond to the bottom of the Line 6B replacement excavation (minimum 

of 10 ft bgs). 

Newly installed permanent wells will be developed per the approved SOP EN-402 (Enbridge, 

2011b) prior to groundwater sampling. 

2.3.2 Groundwater Sampling for Analysis 
Groundwater samples will be obtained from the newly installed wells utilizing low flow sampling 

methods in accordance with the approved SOP EN-406 (Enbridge, 2011b).  As part of the 

groundwater sampling technique, each well will be evaluated for the presence of LNAPL with an 

oil-water interface probe.  Static water levels in permanent monitoring wells will be measured 

prior to sample collection.  These measurements will be utilized to interpret current and 

seasonal horizontal and vertical groundwater flow.  The intake depth of sample tubing used in 

groundwater sampling will be adjusted based on the observed depth of impacted soil and the 

height of the water column in the monitoring well. 
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2.3.3 Groundwater Analysis 
Groundwater samples will be transported under COC control to ALS Laboratory Services in 

Holland, Michigan for analyses.  The samples will be analyzed for PNAs, VOCs, and the select 

metals; beryllium, molybdenum, nickel, and vanadium.  Hold times and sample preservation 

methods are presented in the QAPP. 

If LNAPL is encountered during groundwater sampling in sufficient volume (150 ml minimum per 

PTS), up to three LNAPL samples will be submitted to PTS for hydrocarbon characterization 

and fluid property analyses, including specific gravity (Standard Test Method for Density and 

Relative Density (Specific Gravity) of Viscous Materials by Lipkin Bicapillary Pycnometer (ASTM 

D1481-12) (ASTM, 2012a), viscosity (Standard Test Method Kinematic Viscosity of Transparent 

and Opaque Liquids (and Calculation of Dynamic Viscosity) (ASTM D445-12) (ASTM, 2012b), 

and surface tension (Standard Test Method for Interfacial Tension of Oil Against Water by the 

Rind Method (ASTM D971-12) (ASTM, 2012c), to evaluate LNAPL behavior as associated with 

groundwater. 

2.3.4 Screening 
Monitoring wells installed will be screened for LNAPL (per Section 2.3.2 and Section 2.3.3) 

during groundwater sampling events.  Based on the identification and delineation of the nature 

and extent of groundwater impact related to the Line 6B crude oil release, Enbridge will 

implement a groundwater monitoring strategy that complies with applicable MDEQ regulatory 

guidelines and regulations as well as industry standards.  The groundwater monitoring strategy 

will be implemented to assess the risk to human health and the environment and to provide 

information necessary to develop a site closure strategy as applicable. 

2.4 Survey of Monitoring Wells 

The locations of all temporary monitoring wells will be recorded using a sub-meter accuracy 

GPS unit.   

The locations of all newly installed permanent monitoring wells will be recorded using a sub-

meter accuracy GPS unit and surveyed to the Michigan State Plane Coordinate System and the 

North American Datum 1983 international feet.  The top of casing elevation will be determined 

to the nearest 0.01 foot, and the x, y location and ground surface elevation will be determined to 

the nearest 0.1 foot. 
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3.0   DATA EVALUATION AND REPORTING 

As part of the data evaluation, the analytical data will be compiled and compared to relevant 

Part 201 criteria, Part 31 criteria, or screening levels.  All lines of evidence, as observed and 

recorded by Enbridge personnel, and other readily available evidence, will be utilized during the 

evaluation of risk to both human health and the environment.  The mobility of remaining residual 

oil will also be evaluated.  Locations where criteria or screening levels are exceeded will be 

identified and exposure pathways where applicable criteria are exceeded will also be identified.  

Response recommendations will be evaluated with regard to the ecological sensitivity of the 

area.  The data will be reviewed to identify data gaps.  Based upon this evaluation, if data gaps 

are present they will either be addressed within the context of additional investigative activities 

or via remedial actions or engineering controls (e.g. further excavation, site restrictions, post 

closure plans/agreements, etc.).  

The results of the work specified in this work plan and subsequent data evaluation activities, will 

be presented in a Remedial Investigation Report.  The components will include, at a minimum: 

an introduction, objectives, methods, sample location map, cross sections (as appropriate), soil 

boring logs with monitoring well construction details, groundwater sampling logs, figures 

showing groundwater flow and extent of Line 6B crude oil impact (as appropriate), data tables, 

sample location coordinates, a discussion of the investigation-derived observations and results 

including nature and extent of Line 6B crude oil impacted soil and groundwater, 

recommendations, and a summary and conclusions section. 

The methods section will present methods used or refer to standard methods or methods 

previously approved for this project.  Deviations from the work plan will be identified and 

reasons for the deviations will be presented.  For example, sample locations may need to be 

adjusted based on field conditions.  Deviations that require an addendum to the work plan (e.g., 

bedrock investigation, etc.) will be proposed to the MDEQ for approval prior to implementation.  

Generic Part 201 Residential Cleanup Criteria will be used to evaluate the unsaturated soil, and 

groundwater data.  Residential criteria will be used as a baseline for evaluation and may not be 

appropriate cleanup criteria at select areas.  The laboratory data reports will be included as an 

attachment to the report in the form of a data disk. 
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The results of the work specified in this work plan and data evaluation activities will also be 

utilized in the development of a NFA Report as described in Part 201, Section 20114d and 

following the Request for DEQ Review of No Further Action (NFA) Report form. 

4.0   SCHEDULE 

Field activities will be scheduled for completion within two weeks of MDEQ approval of this work 

plan and contingent on site conditions and access.  Dates for the RI activities will be provided to 

the MDEQ to coordinate oversight activities.  Should weather or Line 6B restoration activities 

create an obstacle to completion of the field activities, MDEQ will be notified of such conditions 

and their impact upon completion.  When work activities are shut down due to weather, activities 

will begin again following site-specific health and safety procedures. 
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Attachment A 
Standard Operating Procedures for Synthetic Precipitation 

Leaching Procedure Analysis 
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Attachment B 
Core Handling and Preservation Methods 



Core Handling & Preservation
Freezing Core with Dry Ice
• Second fastest way to freeze core and 

preserve fluid saturations
• “Best” for most applications
• Longer freeze time results in little alteration of 

core physical properties
• Used when fluid saturations and physical 

properties are of equal importance 
• Preserves volatile and semivolatile hydrocarbons
• Keeps fluids from migrating in high-permeance materials



Core Handling & Preservation
Freezing Core with Dry Ice

1. Dry Ice is available at most industrial gas supply companies (some 
supermarkets).

2. Large marine ice chests are used to freeze and transport core.
a. Up to 72 quart coolers used for smaller core.
b. Large marine coolers (94 quarts and greater) used for core over 

two feet long.
3. Place approximately 50 to 75 pounds of dry ice in the bottom of the 

ice chest. 
4. Label core, attach end caps, and place core in ice chest.

a. Close lid and core will freeze solid in 30 minutes.
b. Each ice chest freezes up to 22.5 feet of core using 50-75 pounds 

of dry ice. 
5. Caution - Do not put dry ice in an unventilated or enclosed space due 

to risk of death by asphyxiation!



Core Handling & Preservation

• Place 50 to 75 pounds 
of dry ice in the bottom 
of the ice chest.

• Put core in ice chest and 
close lid.  Core will
freeze solid within 30 
minutes.

• Continue adding core 
and dry ice as 
necessary.



Core Handling & Preservation
Transporting Frozen Core
1. Caution - Do not transport dry ice in passenger compartments due to risk 

of death by asphyxiation!
2. Large ice chests are used for transporting frozen core.
3. Place a layer of foam, bubble wrap, or “Styrofoam peanuts” in the bottom 

of ice chest to absorb shock during transport.
4. Place one layer of core on top of packing material.
5. Place a layer of dry ice over the core.

a. Dry ice pellets can be used as a “packing material” to secure 
the core and fill any voids between cores. 

b. Block dry ice can also be used by breaking into smaller pieces 
and packing around core.

c. Bubble wrap or styrofoam peanuts can be added to the core 
layers to cushion the core during transport.



Core Handling & Preservation
Transporting Frozen Core

6. Continue alternating layers of core, packing materials and dry ice.  Do not 
exceed three layers of core.

7. Fill remaining space with dry ice.  
8. Put Chain of Custody in a zip lock bag and tape inside lid.
9. Close lid and seal with tape to keep cold.
10. Attach Dry Ice Placards to ice chest.
11. Contact Overnight Courier for shipment to laboratory for next day 

delivery.  Notify laboratory of shipment arrival time (tracking numbers).
12. Arrange shipment so core does not sit in hot warehouse or truck for days.



Core Handling & Preservation

Transporting Frozen Core

• Ice chest filled
• with cores, dry 
• ice, and packing
• material for 
• cushioning.



Core Handling & Preservation

Transporting Frozen Core

Dry Ice Placard: 
Overnight couriers
can supply the
placard stickers.



Core Handling & Preservation

• Paper Shipping Label:  FedEx is the easiest to ship 
with, they routinely handle dry ice shipments.

Note
 Dry 

Ice
 Box



Core Handling & Preservation

• Electronic Shipping:  FedEx is the easiest to ship with, 
• they routinely handle dry ice shipments.

Note Dry Ice Box



 

 

Attachment C 
Geoprobe® Screen Point 22 Groundwater Sampler Standard 

Operating Procedure Technical Bulletin No. MK3173 
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