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1.0 INTRODUCTION 
Tir Nua Consulting Ltd. (Tir Nua) for Enhance Energy Inc. (Enhance) issued a Request for Proposal (RFP) to 

Golder Associates Ltd. (Golder) on September 7, 2018. The RFP was to conduct a baseline monitoring program 

as part of the Measurement, Monitoring and Verification (MMV) Plan for the secure storage and Enhance Oil 

Recovery (EOR) project. 

The following sections details both our technical and commercial proposal. 

2.0 TECHNICAL PROPOSAL 

2.1 Overall Scope of Work 
As outlined in the RFP and subsequent discussions with Tir Nua, the scope of work involves the following: 

 Providing technical support associated with the development of the MMV plan. This includes attending the 
March-2019 meeting with Alberta Environment and Parks, reviewing the soil gas sampling locations, and 

reviewing the landowner water well locations. 

 Installing 21 semi-permanent soil gas probes at 19 wellsite locations. 

 Collecting soil gas samples from the 21 probes during three sampling events. 

 Assisting with the coordination of additional gas samples from CBM, Nisku, Leduc, Agrium and Northwest 

Refinery.  

 Collecting groundwater and gas samples (three sampling events) from 9 select Landowner water wells for 

laboratory analysis of routine potability (in groundwater samples) and, if possible, standard gas composition 
and isotopes delta13C (in gas samples). Additional analytes (listed in Section 2.3) may be included in the 

analytical suite for the baseline groundwater sampling program.  

 Preparing a report outlining the field activities and results from the sampling programs.  

2.2 Soil Gas Sampling 
The soil gas component of Golder’s proposed baseline program will include the following: 

1) Reviewing of the draft soil gas sampling program and preparing a technical memorandum summarizing

recommendations on how to optimize the program for sampling in 2019.

2) Spring 2019 installation of 21 semi-permanent soil vapour probes including:

a. Nineteen (19) probes installed to a target depth of 1.5 meters at the well pad leases

b. two (2) duplicate probes installed to 1.5 meters depth at 2 priority well pad leases to be identified

by Enhance
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3) Three seasons of soil gas sampling in 2019 (late-spring, summer, early-fall) for the following:

a. in-situ field measurements of CH4 and CO2 during sample collection using an ultra-portable

greenhouse gas analyzer (GGA)

b. collection of 24 soil gas samples (21 sample locations plus 3 duplicate samples from the same
locations) using pre-evacuated 1.4 litre (L) SUMMA canisters analyzed off-site by an accredited

analytical laboratory for the fixed gases: N2, O2, CO, CH4, and CO2

c. collection of 24 soil gas samples using pre-evacuated 1.4 L SUMMA canisters analyzed off-site

by an accredited laboratory for 13C of CO2

d. collection of 24 soil gas samples in 600 mL glass vials analyzed off-site by an accredited

laboratory for their radiocarbon isotope values (14C)

e. collection of two (2) atmospheric samples subjected to the same analyses as the soil gas

samples1

f. a short post-deployment memorandum that summarizes the results of the field sampling event

(e.g., number of wells successfully sampled) and a discussion of any sampling issues

(e.g., explanation why any samples could not be collected)

g. a short technical memorandum summarizing the scientific results of the first field program

(i.e., spring 2019)

4) A soil gas summary in the final Golder report including:

a. interpretation of soil gas soil chemistry using Golder’s modified process-based geochemical

approach based on Romanak et al. (2002)

b. interpretation of the del-13C of CO2 data using Keeling curves (Keeling et al. 1957)

c. interpretation of the 14C of CO2 data using statistics

2.2.1 Soil Gas Sampling Program Review 

As requested by Tir Nua and Enhance, Golder will review the proposed soil gas monitoring program and provide 

recommendations on whether the program can be optimized.  

Criteria Golder will use to evaluate the soil gas sampling locations will include, but may not be limited to, the 

following: 

 environmental setting (e.g., samples collected in a variety of ecosystem types found in the local study area) 

 proximity to other infrastructure that could affect the natural composition of soil gases (e.g., collecting 

samples near local oil/gas or coal bed methane production wells) 

 collection of an appropriate number of replicate and/or duplicate samples (e.g., collection of replicate 

samples from injection well sites) 

1 Atmospheric concentrations of CO2 and CH4 are characterized with very high precision using the GGA, but are near the detection limits for the laboratory analysis. Comparing their results 
serves as a QA/QC check on the accuracy and precision of the laboratory results. Atmospheric del-13C of CO2 is needed to produce Keeling curves isotope plots. Collecting an atmospheric 
14C samples also serves as a QA/C check on the laboratory analysis; results should equal ~100% modern carbon. 
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The review will be carried out by Dr. McNaughton, in collaboration with Tir Nua and Enhance, and will be 

submitted as a technical memorandum for review/approval. Recommendations on how to optimize the program 

will be based on Dr. McNaughton’s experience designing and implementing the baseline soil gas monitoring 

programs at the Shell Quest and the PTRC Aquistore Projects.  

2.2.2 Probe Installation 

The 19 locations selected for soil gas sampling are to be identified by Tir Nua and Enhance. Golder understands 

that utility clearances are to be obtained for each location by Tir Nua prior to probe installation by Golder in spring 

2019.  

Golder will install one duplicate probe at 2 of the 19 locations to assess intra-site soil gas spatial variability2. 

Briefly, probe installation includes the following steps: 

1) 12” soil vapour implants are driven to 1.5 meter depth. Assuming 10 to 30 cm of gravel at each well pad, the 

probes would be driven to 1.2 to 1.4 meters below the top of the soil beneath the gravel-topped pad. 

2) Each vapour implant will be connected to the surface using 1/8” ID Teflon tubing and finished with a hose-

barb and ball valve to facilitate repeat sampling and prevent contamination. 

3) Post-installation Helium leak testing will be performed on 10 randomly selected probes after their installation 

in spring 2019. Any probes that fail their Helium leak test will be re-installed. 

4) At the surface each probe installation will be finished with a trafficable 4” diameter aluminum well vault 

casing. The well vault casing can be numbered using permanent marker. 

2.2.3 Soil Gas Sampling 

During each field program the soil vapour probes will be sampled in-situ in real time for CH4 and CO2 using a Los 

Gatos Research Ultra-portable GHG Analyzer. The GGA offers: 

 1-Hz measurements of CH4 between 0.01 and 100,000 ppmv with an accuracy of better than 10% and a 
precision of 0.01 ppmv at a concentration of 2.00 ppmv.  

 1-Hz measurements of CO2 between 10 and 10,000 ppmv with an accuracy of better than 10% and a 
precision of 1 ppmv at a concentration of 400 ppmv.  

Methane is typically depleted in soil gases and has concentrations 1 to 3 orders of magnitude lower than its 
canonical atmospheric concentration (atmospheric CH4 = 1.8 +/- 0.2 ppmv). The analytical precision of the 
proposed laboratory measurements of CH4 have an accuracy and precision of approximately 1.0 +/- 1.0 ppmv at 
atmospheric concentrations of methane. Including the ability to detect CH4 in soil gases is recommended since 
surficial deposits in central Alberta may contain coal seams that naturally produce methane (i.e., coal bed 
methane); methane oxidation by soil microbes can elevate soil gas CO2 concentrations (see next Section). 

Carbon dioxide is typically elevated in soil gases and has concentrations 1 to 2 orders of magnitude higher than 
its canonical atmospheric concentration (i.e., 400 +/- 40 ppmv). The analytical precision of the proposed 
laboratory measurements of CO2 have an accuracy and precision of approximately 100 +/- 100 ppmv at 
atmospheric concentrations of CO2. Comparison between in-situ (GGA) and laboratory determination of soil gas 
CO2 enable a consistency check of CO2 concentrations for every soil gas sample. 

                                                      
2 Inter-site variability will be assessed by comparing results across the 27 locations. 
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While sampling soil gases using the GGA, 1.4 L pre-evacuated SUMMA canisters will be used to collect a soil gas 
sample for off-site laboratory analysis. Analysis of these samples will include determinations of their N2, O2, CO, 
CH4, CO2 concentrations and, if applicable, F1 hydrocarbon concentrations. Measurements of CO and F1 
hydrocarbons are not strictly necessary, but CO is automatically included in the fixed gas analytical suite. Analysis 
of F1 hydrocarbon concentrations will be requested for any samples that produce methane concentrations at or 
above atmospheric concentrations of CH4. This will help to confirm the presence of an exogenous geological 
(i.e., coal bed methane may contain F1 hydrocarbons) or biological methane source (e.g., from methanogenesis). 

Analysis of 13C of CO2 enables a determination of the source provenance of the soil gas CO2. For example: 
fossil-fuel CO2 from loss of CO2 containment; or, modern CO2 produced during microbial respiration of soil 
organic carbon (SOM). Four (2 sets of 2) additional atmospheric 13C of CO2 samples will be acquired. 
Atmospheric samples have low CO2 so more volume is required per sample. The atmospheric measurements are 
necessary because they vary regionally and seasonally and because they are required input for the Keeling plot 
analysis (see next Section). 

Similarly, measuring the 14C of soil gas CO2 serves as an independent method of determining the source 
provenance of soil gas CO2. Samples with very low percent modern carbon (PMC) are potentially indicative of 
CO2 from a fossil-fuel, whereas high PMC values are indicative of microbial respiration of SOM. A 600 mL air 
sample will be collected at each sampling location for radiocarbon analysis. Two 1200 mL ambient air samples 
will also be collected for determining the 14C values for the local atmosphere. These air samples are collected 
directly from GGA sampling line using an adapter. Post-collection a 100 mL gas tight syringe (Hamilton 1000 
series) will be used to extract 300 mL of sample gas into 250 mL pre-evacuated Wheaton bottles to depressurize 
the samples prior to shipping. Average CO2 concentrations measured during 14C sample collection will be 
calculated during GGA post-processing and provided to the analytical lab (André E. Lalonde AMS Laboratory at 
the University of Ottawa) to support their 14C determinations. 

2.2.4 Soil Gas Analysis 

A process-based geochemical approach modified from Romanak et al.3 will be used to investigate the 
geochemistry of the soil gas samples. Using this approach, the dominant biotic or abiotic conditions that may be 

influencing soil gas composition at each location. In this analysis, the term “anomaly” refers to the concentration of 
N2, O2, CH4 and CO2 after removing the canonical background atmospheric concentrations of these gases 

according to the following equations: 

[N2]*=[N2]meas – 78.0840% 

[O2]*=[O2]meas – 20.9460% 

[CH4]*=[CH4]meas – 0.0002% 

[CO2]*=[CO2]meas – 0.0400% 

Soil gas O2 versus CO2 data are expected to lie along a -1:1 line describing simple respiration of oxygen and soil 

organic matter (SOM) by soil microbes according to the following equation: 

ଶ௡ܪ௡ܥ ௡ܱ ൅ ܱ݊ଶ → ଶܱܥ݊ ൅ ଶܱܪ݊ (Equation 1)

3 Romanak, K.D., Bennett, P.C., Yang, C. and Hovorka, S.D. 2012. Process-based approach to CO2 leakage detection by vadose zone gas monitoring at geological CO2 storage sites. 
Geophysical Research Letters, 39(L15405), doi: 10.1029/2012GL052426, 2012. 
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Since atmospheric N2 is neither produced nor consumed during simple respiration of SOM, soil gas N2 

concentrations plotted versus CO2 are expected to show no trend (i.e., an anomaly value near zero).  

Secondary soil gas processes that can result in deviations from the -1:1 microbial respiration line include oxidation 

of soil gas CH4 and/or CO2 dissolution into water. Soil gas CH4 can be produced by coal deposits and by soil 
microbes via methanogenesis. Methane oxidation by a separate species of soil microbes results in excess 
consumption of soil gas O2, compared to the production of CO2, according to the -2:1 stoichiometry of the 

following equation:  

ସܪܥ ൅ 2ܱଶ → ଶܱܥ ൅ ଶܱܪ2 (Equation 2)

During methane oxidation, the consumption of pre-existing methane and oxygen exceeds the production of new 
carbon dioxide (Equation 2). This can result in soil gas pressures lower than atmospheric pressure, and 

atmospheric air rich in N2, but low in CH4 and CO2, can invade surficial soils. This phenomenon can be identified 
using the process-based approach in cases where the O2 versus CO2 anomaly slope is below -1:1 but above -2:1, 

and where the gas samples have positive N2 versus CO2 anomalies (i.e., when there is also excess N2). 

If soils become saturated with water CO2 will readily dissolve into pore waters where it can be removed either 
physically or chemically from the soil gas system. Conversely, soil gas O2, N2 and CH4 are 1 to 2 orders of 

magnitude less soluble than CO2 and tend to be conserved under these conditions. As CO2 is removed from the 
system, there can also be a reduction in soil gas pressure, and atmospheric air rich in N2, but low in CH4 and CO2, 

can also invade the void space beneath the liner. 

Figure 1 plots results of a recent site analysis using this geochemical approach where samples had methane 
concentrations as high as 4.7% by volume. The upper left panel shows that methane oxidation and/or CO2 

dissolution is likely occurring in this system. This is confirmed in the upper right panel of Figure 1, which shows 

positive N2 anomalies indicative of invasion of atmospheric air into the system. 

The bottom left panel of Figure 1 enables a determination as to whether CO2 dissolution alone can account for the 
observed anomalies in O2 and CO2. The result for sample PBN-002 shows that CO2 dissolution alone can account 
for the observed gas composition in this sample. This is consistent with sample PBN-002 having the lowest CH4 

concentration anomaly; i.e., 5.4 ppmv versus atmospheric values of 1.8 +/- 0.2 ppmv. 

The bottom right panel of Figure 1 includes the CH4 anomaly with the CO2 anomaly. Calculated values now lie 

along the -1:1 line. This result indicates that in samples PBN-001 and -003, methane has been produced, a 

portion has been oxidized, and that some oxidized CO2 has also dissolved into pore waters. 

The 13C of CO2 data and 14C data will be subjected to simple statistical analysis and interpreted in conjunction 
with the soil gas results. The del 13C of CO2 data will also be evaluated using Keeling Plots4. These plots are 
used to determine an intercept for the 13C of the SOM that the soil gas CO2 was produced from. Since modern 

SOM values differ greatly from values in fossil fuels, outliers are easily identified (e.g., due to loss of CO2 

containment). 

4 Pataki et al. (2003). The application and interpretation of Keeling plots in terrestrial carbon cycle research. Global Biochemical Cycles, 17(1), 1022, doi:10.1029/2001GB001850. 
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Figure 1: Example of gas composition analysis using a modified process-based geochemical approach 
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2.3 Groundwater and Gas Sampling of Landowner Water Wells 
It is understood that 9 Landowner water wells have been selected for sampling, and that Enhance will arrange for 

permission to access their property.  

The selected 9 Landowner water wells will be sampled from a spigot or kitchen tap, upstream of any known 

treatment systems, where possible. First, the water will be run through the tap for approximately 25 to 
30 minutes. Field parameters (such as pH, conductivity, temperature and dissolved oxygen) will be monitored 
and recorded during the purge time. Once parameters stabilized,  indicating representative groundwater 

conditions,  the  water samples will be collected directly into laboratory-supplied bottles using industry-standard 
sampling protocols. The samples will be placed in an ice-filled cooler and submitted under chain-of-custody to the 
contracted laboratory. The groundwater sampling procedure is outlined in Golder Field Procedure documents 5.06 

and 5.08 (APPENDIX A). 

Gas samples will be collected consecutively with groundwater samples using a flow-through (FT) gas separator. 

The FT gas separator captures free phase gas bubbles that enter the separator or are released from solution 
within the separator. The FT gas separator will be allowed to collect gas for a minimum of 30 minutes to obtain 
sufficient volume for both compositional and isotopic analysis. For wells producing sufficient quantity of gas for 

sampling, two Tedlar® bags will be filled and submitted to the contracted laboratory for analysis. The detailed 
protocol adopted for FT gas sampling is described in “The Free Gas Sampling Standard Operating Procedure for 

Baseline Water Well Testing” prepared by Alberta Research Council (APPENDIX A). 

The analytical suite for groundwater and gas samples is outlined in the table below. Based on Golder’s 
experience on a similar project, additional analytes (from those listed in the RFP) have been included (as optional) 

in this proposal to better assess and establish baseline water quality of Landowner water wells. The additional 

analytes include:  

 Dissolved metals, particularly lead, cadmium, arsenic. In the unlikely event of CO2 leakage, the pH of the 
formation water will decrease, and the carbonate content will increase. The acidification and alkalinity 
increase could result in the release of trace metals by dissolution (and/or desorption) and ion exchange 

reactions, which could mobilize heavy metals such as lead, cadmium and arsenic.  

 Bromide. One of the tools used to assess source(s) of chloride in groundwater is the chloride/bromide (Cl/Br) 

weight ratio. Both chloride and bromide behave as conservative elements in relatively dilute groundwater, 
are not readily adsorbed by clay minerals and remain soluble under a range of reduction oxidation 
conditions. This allows these elements to act as tracers in groundwater, with their initial ratio at the source 

remaining largely preserved in the groundwater aquifer.  

 Microbial parameters to address any potential Landowner concerns with respect to unusual odors and/or 

colour of groundwater, which may be associated with microbial activity. 

 Isotope Delta13C in water samples. If Landowner water wells produce insufficient gas for sampling, 

groundwater samples may be submitted for analysis of Delta13C in Dissolved Inorganic Carbon (DIC).  

As the program progresses, the analytical suite may be adjusted based on results from the previous events. 
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Table 1: Landowner Water Wells Analytical Suite 

Options Groundwater Gas 

Option 1 

Routine potability:  
pH, alkalinity, bicarbonate, carbonate, 
hydroxide, electrical conductivity, fluoride, 
chloride, nitrite, nitrate, sulphate, calcium, 
magnesium, potassium, sodium, iron, 
manganese, Total Dissolved Solids (TDS), 
hardness, ion balance, nitrate+nitrite-N, 
nitrate-N, Nitrite-N, Sodium Adsorption Ratio 
(SAR). 

Compositional:  
Helium, hydrogen, oxygen, nitrogen, carbon dioxide, 
hydrogen sulphide, methane, ethane, propane, i-butane, n-
butane, i-pentane, n-pentane, hexanes, heptanes, octanes, 
nonanes, decanes. 
Isotopes:  
Delta 13 Carbon – carbon dioxide 

Option 2 
(extra analytes) 

Additional analytes: 
Dissolved metals, total iron, DIC, bromide, 
sulfide, total sulfur, Iron-Related Bacteria 
(IRB), Sulfate-Reducing Bacteria (SRB), 
Slime-Forming Bacteria (SFB). 

No additional analytes 

Water isotopes: 
Delta13C in DIC 

No additional analytes 

2.4 Supplementary Gas Source Sampling 
Golder understands that AGAT Laboratories will complete the supplementary gas source sampling from other 
sources identified by Enhance, which include natural gases associated with coal bed methane (CBM), Nisku 

formation production wells, Leduc formation production wells and injection source gases produced by Agrium and 

the Northwest Redwater refinery.  

Golder personnel will not be present during sample collection; however, Golder will assist AGAT and Enhance 
with the coordination and technical aspects of gas source sampling. 

The results from gas source sampling will be incorporated into the analysis of the soil gas sampling results.  

2.5 Schedule 
2.5.1 Soil Gas Sampling 

It is understood that CO2 injection is expected to begin in late 2019. Based on this information and our experience 
on similar projects, the installation of soil gas probes should be scheduled for late May 2019, when the soil is dry 
and in good weather conditions. Installing the probes in poor weather conditions, such as rain and snow, poses 

several challenges that may increase costs and cause delays. In addition, early each spring wells can flood with 
snowmelt and some can become fouled/ruined requiring their re-installation. This problem can be eliminated for 

this Project problem if probes are installed in late spring 2019 rather than fall 2018.  

Golder’s proposed soil gas sampling schedule is as follows: 

 12-day spring 2019 deployment: 

 May 27 – June 7, 2019

 install/sample 32 soil vapour probes

 field program debriefing memo within 1-week of completion

 short technical memo 2-weeks after receipt of laboratory results
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 8-day summer 2019 deployment 

 August 6 – 14, 2019

 Sample 32 soil vapour probes

 field program debriefing memo within 1-week of completion

 8-day fall 2019 deployment: 

 October 1 – 9, 2019

 Sample 32 soil vapour probes

 field program debriefing memo within 1-week of completion

2.5.2 Water Well Sampling 

Sampling of landowner water wells will be scheduled for June, August and October 2019. Scheduling may be 
adjusted as needed, given enough notice. We expect water well sampling to require approximately three full days 

(excluding travel time) for each event. 

2.6 Reporting and Deliverables 
Golder understands the importance of the baseline program to the long-term success of the Enhance Energy 

CCS Project’s MMV. Results of the sampling programs and expert analysis of the results will be summarized in a 
Baseline Report. The report will include analysis and interpretation of the soil gas data that is robust and 
consistent with scientific approaches applied at other similar Projects in western Canada (e.g., PTRC_Aquistore 

and Shell-Quest). 

Project deliverables will include: 

 A short debriefing memo from the soil gas team after each field deployment. 

 A short technical memorandum containing preliminary analysis of the soil gas sampling program. 

 Data transfer in Excel format: Following each sampling campaign, Golder will provide a copy of the raw 

analytical results in a tabulated and unprotected form (i.e., Excel files). 

 One Draft and one Final report in PDF format: Within 45 days following completion of the last sampling 

program, Golder will provide a Draft report summarizing field activities, sampling methods, interpretation of 
results, QA/QC procedures, and figures and tables. The final report will be made available within two to three 

weeks following receipt of Client comments. 

3.0 QUALITY ASSURANCE/QUALITY CONTROL 
A robust Quality Assurance/Quality Control (QA/QC) program is essential to ensure that high-quality accurate 
deliverables are provided by Golder. Golder conducts all projects under the guidance of the Golder Associates 

Information Management System (GAIMS), which includes a Quality System Standard. GAIMS is compliant with 
the American National Standards Institute (ANSI) and Canadian Standards Association (CSA), and International 
Organisation of Standardisation ISO 90001:2000, ISO 14001:2004 (Environmental Management System) and 

OHSAS 18001 (Health and Safety Management System). A copy of the GAIMS Quality Systems Standards can 

be provided upon request. 

The following sections describe our QA/QC procedures. 
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3.1 Field QA/QC 
All sampling activities will be completed in accordance with Golder’s Technical Field Procedures by trained Golder 

personnel. All field activities will be documented in field notes and results are recorded on standard field forms. All 
reusable field equipment involved in the sampling and monitoring of soil will be decontaminated between sampling 
locations in accordance with Golder’s Technical Procedures. Samples will be collected using appropriate handling 

protocols and placed in sample containers provided by the contracted laboratory.  

Samples will be placed in laboratory-supplied container suitable for the analytes, and where applicable, the 

appropriate laboratory-supplied preservative will be added to the samples. Samples will be logged onto formal 

chain-of-custody documents and transported to the contracted laboratory for chemical analysis.  

Submission of blind field duplicate water samples will be at a minimum rate of 10% of total samples. 

Consistency checks between field- and laboratory measured concentrations of CO2 will be completed. Soil gas 

probe integrity will be assessed on approximately 10 probes per season using Helium leak checks. Three 
duplicate soil gas probes are recommended to assess spatial soil gas variability at 1 to 3 priority sampling sites 
and 3 duplicate soil gas samples (10%) will be collected during each seasonal sampling program to assess 

analytical variability.  

3.2 Data QA/QC 
Golder has adopted EarthSoft’s EQuIS software to manage all analytical data. The laboratory uploads the 

analytical results directly into our EQuIS database. Golder can review data results as soon as they are reported 
and process them quickly for an efficient and comparative data review. Regulatory criteria are regularly updated 
(as required) in EQuIS by our database administration team, who hold electronic subscriptions from the various 

provincial and federal regulatory agencies.  

Data integrity is assessed through our Data Quality Review (DQR) process. A DQR is performed to verify the 

reliability of all integral parts of a laboratory certificate of analysis (CoA). Each CoA is verified for laboratory QC 
acceptance criteria exceedances and field QC alert limit exceedances. If there is a laboratory QC exceedance, 
the laboratory’s comments will be reviewed and the effect that this exceedance will have on the results is 

assessed. All field level QC is tabulated to verify that it meets the specified alert limits for that matrix. If a field QC 
alert limit is exceeded, the results are reviewed further to assess the extent the exceedance would have on the 
associated samples. All remaining comments within the CoA regarding data integrity are reviewed and 

commented on within the DQR to again assess whether there are any effects on data reliability. Each CoA is 
assessed through this process upon receipt from the laboratory in real-time to allow the project to progress 

forward based on reliable data sets. 

Once laboratory analytical results are received, Golder will complete a review of field and laboratory quality. This 
will include a review of laboratory QC performance to confirm results are within acceptance criteria, as well as 

evaluation of field duplicate and blank results to confirm they were within alert limits. 

Exceedances of the QC acceptance or alert criteria will be investigated with the laboratory and, if warranted, a 

corrective action report will be requested from the laboratory.  

Our data management system flow process is illustrated in Figure 2. 
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Figure 2: Golder's Contaminated Site Management (CSM) Data Management System 

3.3 Report Deliverable QA/QC 
All Golder deliverables are subject to senior review and sign-off.  

Golder’s quality procedures require an approved reviewer to be appointed for all projects. An approved reviewer is 
defined as a senior staff member considered as a subject matter expert in the relevant discipline who has sign-off 
authority to review outgoing documents and deliverables on behalf of the company. In many cases at Golder, the 
reviewers are partners or senior partners (Associates or Principals). This process has resulted in minimizing the 
need for multiple report iterations and ensures that our deliverables are able to stand up to public review, scientific 
and regulatory scrutiny. 

4.0 PROJECT TEAM AND RESPONSIBILITIES 
Our team provides the best mix of skills, experience and background in remediation, construction, monitoring and 
contaminated sites investigation. Golder also recognizes the requirement for well-resourced and effective project 
management and has assembled our leadership team accordingly. We have the depth of resources required to 
tackle a project of this size and complexity. For this project we have identified six key individuals, as presented in 
the next section. 
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4.1 Proposed Project Team 
The proposed Golder Project Team consists of highly qualified professionals with extensive experience in working 
on upstream oil and gas facilities in Western Canada.  

 Jillian Mitton, M.Sc., P.Eng. - Principal Professional; Project Director and Senior Reviewer 

 Cameron McNaughton, PhD, P.Eng. - Environmental Engineer, Soil Gas Sampling Project Lead 

 Julio Henriquez, M.A.Sc., P.Eng, - Environmental Engineer, Project Manager 

 Tom Horvath – Alternative Project Manager 

 Daniel Coffen, Mitch Hansen, Peter Tan - Senior Field Technicians 

Figure 3 presents the organization chart for the proposed Golder Project Team. 

Figure 3: Proposed Project Team Organizational Chart 

APPENDIX B contains curriculum vitae’s (CVs) for the proposed project team. All our team members have 
experience working on Oil and Gas Sites in Western Canada. 

4.2 Project Team Related Experience 
Golder has undertaken numerous soil gas and groundwater monitoring and sampling programs in Western Canada. 

Three of our most relevant CCS-related projects are highlighted below. 

Environmental Baseline Study, Aquistore CO2 Injection Site, Petroleum Technology 
Research Centre 

2013 to 2014 

Golder was retained by Saskatchewan’s Petroleum Technology Research Centre to design and implement a 
seasonal (3 seasons) soil gas and surface CO2 flux survey for the Aquistore Carbon Capture and Storage Project 

located at SaskPower’s Boundary Dam Coal-fired Power Plant near Estevan, Saskatchewan. Technical 
components of the program include the design of sampling protocols and collection of specialized soil gas 
samples, as well as below-grade installation of semi-permanent soil gas, moisture, and temperature probes 

designed to operate continuously for a 2-year period. This program was managed by Dr. McNaughton. Daniel 

Coffen served as the lead field technician during the seasonal field sampling programs. 

Project Director
Jillian Mitton, M.Sc., P.Eng.

Project Manager
Julio Henriquez or 

Tom Horvath.

Senior Technical 
Specialist

Cameron McNaughton, 
PhD., P.Eng.

Senior Technical 
Specialist

Julio Henriquez, 
M.A.S.c., P.Eng.

Senior Field Technicians
Daniel Coffen; 
Anne Wozney

Trenton Kinash
Jamie Gignac

Subcontractors
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Baseline Study, Hydrosphere and Biosphere Monitoring Programs, Shell Quest Project, 
Shell Canada Limited.  

2012 to 2014 

Golder was retained by Shell to assist with the baseline environmental monitoring program associated with the 

Quest Carbon Capture and Sequestration Project as part of Shell’s Quest MMV Plan. As part of this plan, Golder 
carried out the Hydrosphere and Biosphere Monitoring Programs (HBMP) to determine the variability of the current 

environmental conditions prior to the beginning of CO2 injection. The HBMP programs involved: 

 Surveying transient plots within the area of interest for vegetation communities and spectral signatures with 

the purpose of mapping and determining vegetation communities within the transient plots. 

 Completing remote sensing work to gather data for applying an empirical line calibration to the RapidEye 

satellite imagery. 

 Performing seasonal (9 seasons) soil gas sampling and surface CO2 flux measurements at 15 vegetation 

plots and 3 CO2 injection well sites (Dr. McNaughton & Daniel Coffen).  

 Completing a geophysical ground conductivity surveys (EM38) to assess soil conductivity and assist with 

calibration of satellite data.  

 Collecting soil samples to characterize parameters that could influence vegetation sensing signatures. 

 Completing groundwater and wellhead gas sampling from project monitoring wells and select private 

Landowner water wells. 

On-Going Groundwater and Gas Monitoring and Sampling Program, Shell Quest Project, 
Shell Canada Limited.  

2015 to Present 

Golder has been actively involved in Shell Quest’s Hydrosphere Monitoring Program (HMP) since implementation. 
The HMP is conducted as part of the Measurement, Monitoring and Verification plan associated with Shell Quest’s 

Carbon Capture and Storage (CCS) Project. The HMP involves collecting and analyzing groundwater and gas 
samples from private Landowner wells and from groundwater monitoring wells (shallow and deep Project wells) 
installed by Shell in the proximity to the injection wellsites. The monitoring program is conducted on a quarterly 

basis and involves the following activities: 

 Completing quarterly groundwater sampling events, following a low-flow sampling protocol. 

 Completing quarterly gas sampling events using a flow-through (FT) gas separator. 

 Completing flow-testing at designated Landowner wells.  

 Performing maintenance checks on In-Situ® Multi-Parameter data loggers and downloading pressure and 

water quality data. 

 Completing data quality reviews. 

 Preparing three quarterly reports, an annual report and a regulatory report each year, documenting field 

activities, sampling methods and analytical results. 
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THE FREE GAS SAMPLING STANDARD FOR BWWT 

Introduction

This is the revised standard operating procedure (SOP) for the field protocols to be used to 
collect gas, water and bacteria samples for Baseline Water Well Testing (BWWT). Yield tests 
are not discussed in this document. The SOP still requires that the water well sampling 
program be overseen by an APEGGA member.  

The objective of baseline water well testing is to produce representative gas, water and 
bacteria samples of the water contributing zone or zones that a given well is screened across. 
The data collected from the field and the laboratory results are provided as a baseline for 
future testing if there is a concern of an impact on the water well by coal-bed methane (CBM) 
activity. To improve the scientific basis for this comparison, the following objectives must be 
met with the field sampling, laboratory analyses and database components of the BWWT 
program: 

1. The water well must be pumped at a sustainable pumping rate that does not overly 
stress the well. This requires that the water level in the well does not drop below the 
top of the aquifer and that the pump is not run dry during the testing. 

2. The sampling equipment design and connection to the water system must produce 
representative water, bacteria and gas samples. 

3. The water well purging techniques must produce representative water, bacteria and 
gas samples for the water bearing zone. 

4. The samples need to be taken in a reproducible manner. 
5. The samples need to be taken without contamination or bias. 
6. Samples need to be taken in containers that are suitable for the parameters of interest 

and delivered to the lab for analysis in a manner that will not change the 
concentrations.  

7. QA/QC protocols must be in place to assess field and laboratory work.  
8. The samples need to be analyzed with an accredited technique that provides 

detection limits that will allow the detection of energy related impacts. 

I.  Connection of Sampling Equipment to the Water System

The connection of the sampling apparatus to the water system should be as close to the 
source as possible. Where feasible, the sample should be taken before the pressure tank and 
should not be taken after any equipment in the system that could modify the source water 
(e.g. water softener, cistern, iron filter or air injection system). The location of the sampling 
equipment in the water system and presence of any water treatment devices must be 
recorded in the BWWT database. 

If a tap or hydrant is used, it should be flushed by opening the valve and allowing at least 20 
litres of water to flow. Remove any filters or screens from the tap. The tap should be 
disinfected by swabbing or spraying the inside and outside with 70% ethanol. If 
possible/safe, flame sterilize the tap and allow it to cool and dry (Myers 2007). Remember 
that you are potentially sampling a flammable gas when flame sterilizing a tap. Plastic 
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sheeting should be used as ground cover at the sample area to help to limit contamination of 
equipment and samples.  

Figure 1 provides a schematic diagram of the sample collection set-up. Once the source 
connection is disinfected, connect a freshly cleaned splitter to the tap. One side of the splitter 
will be for water sampling and field measurements (bold section on Figure 1); while the 
other is for connecting to the gas separator and discharge line (dotted line splitter is optional 
depending on pumping rate and gas separator capacity). The water sampling side will be 
made of a short length of inert tubing that has a Y that allows water to go to the water 
quality flow cell for field measurements while the other side of the Y should only be used for 
water sampling. The sample hose should be carried in a clean, clear plastic bag and only be 
removed for sampling. The sampling hose should not be allowed to touch the ground and 
should be handled with clean, unpowdered nitrile sampling gloves. The hose running to the 
gas separator should be suitable for use as a water hose and should not be used for any other 
purpose. 

Water 
Sample

Gas separator 

Splitter

WQ Flow Cell 

Water Source 
Discharge

measurement 
area

Gas
Sample

Figure 1 Schematic of BWWT Sample Collection Set-up 

II. Well Purging 

The water well should be purged before sampling for gas or water. The water well will be 
purged until the field measurements are stable (Table 1 provides the stability criteria). Well 
purging requires that the pumping rate is set to that which is both sustainable for the water 
well and that is appropriate for sample collection. Pumping the water well at too high of a 
rate can produce unrepresentative samples for the water bearing zone being sampled.  

Several conditions are expected to be encountered in the field that will determine how much 
purging is needed.  

i. Water wells that are used daily and can readily produce several well volumes of water, 
require limited purging and should stabilize quickly.  

ii. Water wells that are not being pumped daily should have at least one well volume of 
water pumped before monitoring the field measurements. 
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iii. Water wells that do not produce enough water for purging (2 litres per minute or less) 
and are pumped daily should be documented and sampled without purging. 

iv. Water wells that do not produce enough water for purging (2 litres per minute or less) 
and are not pumped daily can be pumped and allowed to recover to 90% before 
sampling. Down-hole equipment should not be moved during recovery. If water well 
takes longer than 24 hours to recover to 90%, it may not produce representative 
samples. 

The water well owner should be consulted as to the condition of the well. Document the use 
of the water well in the field notes and purge until field measurements are stable.  

III. Field Water Quality Measurements 

While purging the well, the field water quality measurements (temperature, pH, 
conductivity and dissolved oxygen) should be taken every 5 minutes until the readings 
stabilize for 15 minutes with variability being less than that stated below. Field 
measurements will be taken on a freshly calibrated instrument using fresh calibration 
solutions. Follow the manufacturer’s instructions for calibration and use of the water quality 
instrument. The probes will be installed in a water quality flow-through cell that does not 
allow atmosphere to contact the water.  

Table 1 Stability Criteria for Field Water Quality Measurement 

Parameter Stability Criteria 
pH      ± 0.1 standard units 
Temperature (T) (in degrees Celsius) ± 0.2°C (thermistor thermometer) 

± 0.5°C (liquid-in-glass thermometer) 

Specific electrical conductance (EC) ± 5%, for EC  100 S/cm  
± 3%, for EC > 100 S/cm 

Dissolved-oxygen concentration (DO) ± 0.3 mg/L 

(From U.S. Geological Survey 2006) 

IV. Gas Separator 

For details and justification please see “Evaluation of Free Gas Sampling Standard for 
Baseline Water Well Testing Report”. 

Design

1. In order to allow enough time for gas to exsolve from the water in the separator, the 
distance between the inlet and outlet in the gas separator should be maximized. 

2. Inlet should direct water against the side and near the top of the separator. 
3. The inlet should release the water as close to the top of the separator as possible 

while the outlet should be as close to the bottom of the separator as possible. 
4. The gas/water interface must be visible at all times. 
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5. A compound gauge (no more than 30 inches of Hg by 30 psi) must be used to 
measure the pressure/vacuum in the separator. Flow must be adjusted in the gas 
separator to maintain close to atmospheric pressure (see operational limits for the 
acceptable range)  

6. Valves must be present to adjust flow in and out of the separator.  
7. Sample port must be located on the top of the separator for collection of the gas 

sample. 
8. Gas separator must be gas tight to at least 5 psi.  
9. The gas separator must have a clear method for measuring the volume of gas 

produced that is measured in mL of gas (i.e. graduated markings on the cylinder). 
10. Separator can be opened for cleaning. 
11. Water passing through the separator can not be heated and must not be exposed to 

atmosphere. 

Gas Separator Operational Limits

1. Water velocity through the gas separator should not exceed 1 cm/sec. This is 
calculated as the velocity across the cross sectional volume of the gas separator. 
Maximum Flow (in L/min) = (3.1416  (the internal radius of the gas separator in 
cm)2  60)/1000. 

2. The gas separator should not have less than 15 times the inlet diameter of water 
above the water outlet while separating. (Out et al. 2001). 

3. The water inlet and outlet should be separated by more than 20 times the inlet 
diameter (Out et al. 2001). 

4. The gas separator should be operated with an internal pressure range of 0 to 1 inch of 
Hg. 

5. The gas volume in the gas separator should be measured only when the pressure in 
the separator is 0 to 1 inch of Hg. 

6. There should be regular weekly checks of separator’s seal. 

V. Gas Sample Collection 

The operator should check that the gauge on the gas separator is reading 0 psi before being 
connected to the water system to ensure that the gauge is zeroed. The gas separator should 
be connected to the water system as per figure 1. If the water well has a pumping rate that 
exceeds the maximum capacity of the gas separator, the optional splitter (located before the 
gas separator) is needed to divert excess flow to discharge. The optional splitter should be 
used as a last resort only when the pumping rate of the well can not be decreased due to 
yield test requirements. Once the sampling system is connected, the pump can be started and 
purging begins. When the field water quality measurements stabilize, the gas separator can 
be filled and the gas separating can begin. The gas separator should be filled using the 
manufacturer instructions. The operator should watch that the compound gauge shows an 
increase in pressure during filling to ensure that the gauge is working properly. 

Once the separator is filled and the gas vent closed the operator needs to adjust the outlet 
valve until the compound gauge reads 0 to 1 inch of Hg. The pressure inside the separator 
can increase as the gas builds, displacing the water in the separator. The sampler may need 
to adjust the outlet valve to keep the pressure in the separator between 0 and 1 inch of Hg. If 
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all of the atmospheric gas bubbles did not get flushed out of the gas separator during filling, 
the sampler can allow a small amount of gas to build in the separator and then flush out the 
gas from the separator before starting the sampling. 

With the separator filled and pressure set, the operator should monitor the gas accumulation 
(in mL) in the gas separator every five minutes. The water discharge flow rate (in L/min) 
through the gas separator should be measured at least every 15 minutes. 

The measurement schedule for the gas sampling that should be recorded in the field sheets is 
provided in Table 2. 

Table 2 Measurement Schedule for Gas Sampling Component of the BWWT 

Parameter Sample interval
Flow through the gas separator Every 15 min or less 
mL of gas produced Every 5 min 
mL of gas produced/litre of water 
pumped 

Every 5 min 

Total flow rate Every 15 min 
Field parameters Every 5 min 

It is important to watch that dissolved oxygen (field measurement) does not rise during the 
gas separating. Increased oxygen suggests that atmosphere is getting into the sample from 
leaks, cascading water in the well or the pump running dry. All of these can result in the 
collection of non-representative samples. When sufficient gas is produced for sampling, the 
operator will document the total gas produced. The operator should then purge the gas vent 
on the separator before placing 100 to 200 mL\bag of gas in 2 new Tedlar/Flexfoil® bags for 
composition and isotope analysis. Purging should remove water and atmosphere from the 
sample line before filling the Tedlar/Flexfoil® bag. Sample time and date, well name and 
number and required analysis should be written on the bag. Duplicate bags should be filled 
where possible in case of leaking or damaged bags. A minimum of 20% of free gas samples 
collected from water wells around each CBM well must undergo isotopic analysis, up to a 
maximum of 10 samples per CBM well. At least one gas sample must be submitted for 
isotopic analysis per CBM well. 

VI. Water Quality Sample Collection 

Once the gas sample is taken and the field water quality measurements remain stable, the 
water quality samples can be collected. The sample bottles should be labelled with 
waterproof marker or labels stating the sample time and date, well name and number and 
analysis required. The bottles provided by the laboratory should be used. Follow the lab 
instructions for the need of sample filtering and preserving in the field.  

Bottles that are not pre-cleaned require triple rinsing before filling. Any bottle that arrives in 
the field without a cap should not be used for sampling. The bacteria sample bottles should 
not be rinsed and sometimes come with a preservative to remove chlorine from the water.  

Water Sampling
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1. Ensure that field measurements have been stable for at least 15 minutes. 
2. Wear clean nitrile gloves. 
3. Take the cleaned sample line out of plastic bag and hang on pail to keep off ground. 

Do not allow anything to touch end of sample line. 
4. Start flow through sampling line at a rate of not more than 500 mL/min. 
5. Allow line to purge for 5 minutes. 
6. Fill non-filtered bottles without touching sample line to bottle. Triple rinse bottles as 

required. 
7. Fill bacteria bottle without rinsing. Do not allow sampling hose to touch the bottle. 

Do not set down the lid or turn the lid of the bottle up so that particles can be 
dropped into the lid. Nothing should be passed over the open sample bottle except 
the lid when closing the bottle. 

8. Once all of the non-filtered samples are filled the filtered samples can be processed. 

Filtering

Sample filtration should be done without contact with atmosphere and filter should be 
certified for purity for metals of interest. The pore size for the filter will be 0.45 µm. If a 
rebuildable filter is used, the filter apparatus must be cleaned using cleaning protocol 
and filter blanks should be run regularly for the full suit of water quality analytes (once 
every 20 samples). 

1. Connect an inline filter to the sampling line. 
2. Allow 500 mL of water to flow through the filter. 
3. Fill sample bottle. Rinse bottle with filtrate if bottle is not pre-cleaned by Lab. 
4. Preserve sample. 

Sample Handling and Preservation

Identify the samples that will need to be preserved. Use the preservatives that are supplied 
by the lab that is carrying out the analyses. The preservatives should be kept separate from 
each other and in clean re-closable plastic bags. Before using the preservative, check that the 
cap is tightly closed and that the amount of preservative looks similar in all of the vials. The 
vials should not be used if they are dirty, leaking or damaged. Preservatives can be 
concentrated acids or bases. Read the MSDS for each of the preservatives and understand the 
hazards in using these chemicals. 

Preservation of samples: 

1. The sampler must be wearing clean nitrile gloves. 
2. The sample should be preserved as soon as possible after sampling. 
3. Separate out all of the sample bottles that require preservative. Leaving all bottles 

that do not need preservative in the cooler. 
4. Group the sample bottles by the type of preservative that is required. 
5. Take a vial of preservative out of the plastic bag and close the bag. 
6. Remove the lid from the sample bottle and, if needed, shake off some of the water in 

the bottle to produce enough headspace in the bottle for the preservative.  
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7. Without setting down the sample bottle cap and without touching the inside of the 
sample bottle cap, remove the cap on the preservative vial. 

8. Empty the vial into the sample bottle without touching the bottle with the vial.  
9. Cap the sample bottle and recap the preservative vial, ready for disposal. 
10. Set each preserved sample back into the cooler for transporting to the lab. 
11. Dispose of vials in a sealable wide-mouth bottle until they can be properly disposed 

of or returned to the lab that provided the preservative. Do not mix vials with 
different preservatives in the same container, as strong chemical reactions can result. 

12. Repeat with the next sample bottle to be preserved until all of the samples are back in 
the cooler, ready for transport. 

The samples should be transported with cold packs to keep the temperature of the sample 
around 4 °C. Do not freeze the samples or allow their temperature to go above 4 °C.  

The chain of custody form (COC) or request form should be placed in a sealable plastic bag 
and added to the cooler. The chain of custody form or request form should be completed 
with: 

1. Sampling site name or number. 
2. Date and time of sample. 
3. Samplers name and contact details. 
4. Analyses required for the samples. 
5. Report format and delivery method. 

The samples should be transported in a clean cooler with ice packs. Do not accept a cooler 
from the Analytical Labs that smells of hydrocarbons or other chemicals. Try to get a cooler 
that is the right size for the number of samples that you will be transporting daily. It is best 
to have a cooler for the gas samples and one for the water samples so that the Tedlar® bags 
are not damaged by the bottles during transport. 

If the cooler is not being delivered directly and must go by courier, use a courier that can 
deliver the samples: 

1. Overnight, so that the samples are not in transit for more than one day. 
2. Without storing or transporting the samples in an area that submits the samples to 

large temperature changes. 
3. Directly to the Analytical Lab. 

If the sampler is delivering the cooler directly to the Lab, the sampler should keep a copy of 
the COC as a record of the time and condition of the samples when delivered to the Lab. 
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Cleaning of Water Sampling Equipment

All parts that contact the sample (bold sections of figure 1) will be cleaned before going to 
the field. See Figure 2 below for method of cleaning inorganic sampling equipment.  

Figure 2  Workplace Laboratory Cleaning Procedure 
 For Equipment Used To Sample For Inorganic Constituents. 

Acid � Hydrochloric Acid: ACS trace element grade (5% solution in DIW) 
Detergent � Phosphate free Laboratory soap 0.2% solution (liquinox) 
(Adapted from Alberta Environment’s Groundwater field sampling protocol section 3.6) 

All water quality sampling equipment (bold sections of figure 1) will be cleaned, upon return 
from the field, using the following method: 

1. Wear latex or nitrile gloves to protect your hands. 
2. Rinsed with tap water inside and out. 
3. Wiped down the outside of all water quality sample tubing (bold in figure 1) using 

non-phosphate soap and rinse with tap water. 
4. Pump 1 litre of 0.2% non-phosphate soap solution through the sample tubing. 
5. Rinse the sample tubing with tap water. 
6. Fill the tubing with 5% HCl solution and let stand for 24 hours. 
7. The acid solution should be drained and neutralized before discarding. 
8. Rinse the sample tubing with deionised water and place in a clean clear plastic bag. 

All equipment that goes down hole will be disinfected using a 0.005% bleach solution or 70% 
methyl or ethyl alcohol. These solutions should be carried in sealed bottles without contact 
with air as the solutions will loose their ability to sterilize very quickly. Solutions should be 
made up frequently from stock solution or pellets. New field solution is needed after two 
days. 

Step 2 
Detergent 
wash and tap 
water rinse

Step 3 Step 1 Step 4 Step 5 
Check
sampling 
equipment

Preparation Acid soak DIW rinse 

Metal Equipment 
Acid soak used for non-metal equipment. 
DIW = Deionised water 
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Equipment Cleaning Procedure

All equipment (this includes water level 
tape measure, all sample collection and 
sample processing equipment that enters 
the well) 

 Wash equipment thoroughly with 0.2% non 
phosphate soap. 

 Rinse three times with tap water. 
 Wipe the wetted portion of water level 
tapes with disinfectant (0.005% bleach 
solution or 70% methyl or ethyl alcohol) 
and rinse thoroughly with tap water. 

VII. Quality Assurance and Quality Control 

As part of the BWWT, quality control samples are required. These samples are to identify 
problems in sampling technique, equipment cleaning, and lab and field precision. 

Blind Replicate samples. These samples will be taken at site where enough gas is produced 
for two samples. The two samples of water, bacteria and gas will be delivered to the lab 
identified as two separate well samples. Once every 20 wells. (AENV QA/QC). 

Equipment blank. An equipment blank should be run twice a year or every time that new 
equipment is used for the first time. The equipment blank is blank water, from the lab that 
will analyze the samples, which has been run through the sampling equipment and placed 
into sample bottles. The equipment blank should be for all analytes. 

All QC samples should be identified and submitted to Alberta Environment and Sustainable 
Resource Development as part of the BWWT. 

The consultants should be using the QC samples to assess their sampling methods and lab 
analysis. Alberta Environment and Sustainable Resource Development should be using the 
QC samples to assess the overall quality of the results in the BWWT. For a more detailed 
explanation of the use of the QA/QC samples, please see Mitchell 2006 at 
http://environment.alberta.ca/3262.html . 
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VIII. Units to be Used for Entering Data into the BWWT Template 

Results will be added to the templates in the following units. 

Analyte Type Units
Temperature Field °C 

pH Field units 
Conductivity Field µS/cm 

Dissolved Oxygen Field mg/L 
PH                   Routine      pH units               

Conductivity         Routine      µS/cm                
TDS(Calculated)      Routine      mg/L                 

(No2+No3)-N          Routine      mg/L                 
T-Alkalinity         Routine      mgCaCO3/L          
Bicarbonate          Routine        mg/L                 
T-Hardness           Routine           mgCaCO3/L          

Chloride             Routine      mg/L                 
Carbonate            Routine      mg/L                 

Sodium               Routine      mg/L                 
Sulphate              Routine      mg/L                 

Potassium            Routine      mg/L                 
Fluoride             Routine      mg/L                 
Cations              Routine      meq/L                
Anions               Routine      meq/L                
Balance              Routine      % 

Magnesium            Dissolved    mg/L                 
Calcium              Dissolved    mg/L                 

Manganese            Dissolved    mg/L                 
IRON                 Dissolved    mg/L                 

Methane Composition ppm 
Methane Isotope � PDB 
Ethane Composition ppm 
Ethane Isotope � PDB 

Propane Composition ppm 
Propane Isotope � PDB 
Butane Composition ppm 
Butane Isotope � PDB 

Nitrogen Composition ppm 
Carbon Dioxide Composition ppm 

Oxygen Composition ppm 
IRB Bacterial CFU/mL 
SRB Bacterial CFU/mL 
E.coli Bacterial CFU/100 mL 

Total Coliform Bacterial CFU/100 mL 
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IX. Accuracy Required From Lab For Analysis Of Composition Of Free Gas 
Samples For BWWT 

Gas

High
Concentration 

Range

 1% and 100%  

Accuracy required 
±% of Reported 

Value

Mid Concentration 
Range

(1000 ppm to 9999 
ppm)

0.1% to 1.0% 

Accuracy required 
± % of Reported 

Value

Low Concentration 
Range

(10 ppm to 999 
ppm)

0.001% to 0.1% 

Accuracy required 
± % of Reported 

Value
Methane ±3% ±10% ±10% 
Ethane ±3% ±10% ±10% 

Propane ±3% ±10% ±10% 
n-Butane ±3% ±10% ±10% 

5% to 100% 

Accuracy required 
±% of Reported 

Value

(5000 ppm to 
50,000 ppm) 
0.5% to 5% 

Accuracy required 
±% of Reported 

Value
Nitrogen ±5%  ±20% 
Oxygen ±5%  ±20% 

Carbon Dioxide ±5%  ±20% 

ALBERTA RESEARCH COUNCIL INC. Page 12 
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PROCEDURE NO. 5.06 

GROUNDWATER SAMPLING 
 

WHEN? Groundwater samples are generally collected at least twice (on separate days) 
from each monitoring well, usually as part of an ongoing monitoring program.  
Sampling should only occur after the well has been properly developed, and as 
soon as practicable following purging. 

WHY? Samples are collected and analyzed to assess groundwater quality. 

HOW? The main steps involved in well purging and collection of groundwater samples 
are shown in the following diagram and described in this procedure.  The 
elements shown by a dashed outline are described in further detail elsewhere in 
this procedure manual. 
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1.  Plan and Prepare for Groundwater Sampling 

2.  Measure Water Level 

3.  Purge the Well 

4.  Collect the Groundwater Samples 

5.  Prepare, Preserve and Pack the Samples 

6.  Decontaminate the Equipment 

Repeat Steps 2 to 6 for the Next Well 

7.A  Complete Chain-of-Custody Form 
7.B  Store and/or Submit Sample(s) to Lab 

If wells have 
not been developed, 

conduct 
development before 

proceeding 
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Essential Site Information 

  monitoring well log or drawing of installation (showing depth of casing,  
  diameter of well screen, casing and filter pack, ground surface elevation, and  
  measuring point elevation) 
  record of the most recent water-level measurements (if applicable) 
  site plan or map showing the location of the well 

 
Essential Equipment 

  calculator (for calculating purge volumes) 
  appropriate health and safety equipment (see Health and Safety Plan, Procedure  
  No. 1.01) 
  field book, pens, pencils, indelible marker 
  one or more of the following to access the well: 
  -  key (if needed) for wellhead and/or j-plug 
  -  socket wrench for opening bolt down well covers (usually 9/16”) 
  -  pry bar or screw driver (if needed) to open surface covers 
  water-level tape/probe  
  graduated container (e.g., 20 litre bucket) for measuring volume of water removed 
  container(s) for collecting purged water (i.e. drum or tank) if water cannot be 
  disposed of on-site 
  pail (approximately 20 litre) for temporary collection of purged water 
  knife (for cutting tubing) 
  field meters (pH, conductivity, temperature, dissolved oxygen) and calibration 
  solutions (see Measurement of Field Parameters in Water, Procedure No. 5.07) 
  250 mL plastic beaker or a flow-through cell for measurement of field indicator  
  parameters 
  garbage bags 
  plastic sheeting or plywood 
  filtering apparatus (for dissolved metals samples only; see Procedure No 5.08) 
  sample preservatives (provided by laboratory) 
  decontamination equipment (see Procedure No. 2.02 if necessary): 
  -  biodegradable detergent, rinse water, deionized water, paper towels, brush, 
     bucket (for washing equipment) 
  pre-cleaned sample bottles with labels and lids, including extra sample bottles 
  and labels, provided by laboratory      
  cooler with appropriate packing material 
  ice or ice packs (or heat packs, if required) to maintain samples at 4°C 
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One of more of the following sampling devices: 

 

  bailer and extra disposable twine or cord 
 or inertial pump tubing and foot valves 
 or peristaltic pump, silicon or Tygon tubing*, sample collection tubing**, battery, 
  power cables 

 * silicon or Tygon tubing is used in the drive head of the peristaltic pump; however, 
the length of this piece should be minimized due to potential adsorption problems. 

 ** the sample collection tubing should be made of high density polyethylene 
(HDPE), polytetrafluoroethylene (PTFE), or similar material.  This will reduce 
the potential for adsorption of chemical parameters. 

Other Equipment 

 If groundwater is likely to contain organic contaminants such as PCBs, organic solvents 
 may be required.  See Decontamination of Equipment, Procedure No. 2.02. 
 

 

 
Essential Forms 

  Groundwater Development, Purging and Sampling Data Sheet 
  Sample Chain-of-Custody Form 
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1. Planning and Preparing for Groundwater Sampling 

 Schedule sampling to ensure that the samples are delivered to 
the laboratory, and that the lab has enough time to start the 
analysis, within the recommended holding time (holding times 
and related information will be provided by the laboratory, 
usually on the back of the Chain-of-Custody).  Sometimes 
delivery of samples at the end of the day or work week can 
result in delays in commencing the analysis, so keep this in 
mind when shipping or transporting samples. 

 If several wells are to be sampled, plan to collect groundwater 
samples from the wells expected to be least contaminated first, 
and then proceed to more contaminated areas. 

 Organize the groundwater sampling equipment and forms. 

 Determine the type and size of sample bottle and any 
preservative required for the chemical parameters to be 
analyzed. 

 All sample bottles and preservatives should be provided by the 
laboratory that will be carrying out the analysis.  If volatile 
organic compounds (VOC) are to be analyzed, trip blanks for 
QA/QC purposes should be prepared by the analytical 
laboratory. 

 Review all steps in this procedure, particularly Step 5 - 
Preparing, Preserving and Packing the Samples.  If samples 
will be shipped or transported a significant distance, proper 
packing of the sample bottles (to ensure that no breakage 
occurs) is particularly important. 

 Ensure that the well has been properly developed prior to 
sampling.  If this is not the case see Monitoring Well 
Development (Procedure No. 5.05). 

 Review relevant information regarding well installation, 
recent water levels and water quality during previous sampling 
round. 
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1. Planning and Preparing for Groundwater Sampling (continued) 

 Determine, in consultation with the Project Manager, what 
should be done with purged water (i.e. does it require 
collection and temporary containment or can it be disposed of 
on-site) and make arrangements as appropriate.  Before going 
to the site, estimate the volume to be purged (if possible), and 
ensure that sufficient containers (usually drums) will be 
available for water containment. 

 Ensure that all sampling equipment, including pumps, bailers 
and filters has been properly decontaminated. 

ON-SITE PREPARATION: 

 Put on appropriate personal protective equipment.  This will 
include, at minimum, disposable latex or nitrile gloves and 
safety glasses.  Rubber boots and rain gear or a Tyvek suit is 
also recommended.  See Health and Safety Plan (Procedure 
No. 1.01) for guidance. 

 Prepare and lay out the sample bottles and filtering equipment 
on the plywood or plastic, as appropriate (see Step 5 of this 
procedure). 

2. Measuring the Water Level 

I) Ensure that the water level tape has been decontaminated. 

II) Monitor the well for the presence of phase separated product.  
If product is present, consult Project Manager to determine if a 
product sample should be collected of if the well should be 
sampled at all. 

III) Measure the depth to water as described in Water Level 
Monitoring in Wells (Procedure No. 5.04). 
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2. Measuring the Water Level (continued) 

IV) Record the depth to water measurement on the Groundwater 
Development, Purging and Sampling Data Sheet. 

V) Decontaminate the water level tape after taking the reading. 

 

3. Purging the Well 

 Monitoring wells must be purged prior to every sampling 
event. 

 Purging is carried out to remove stagnant or non-
representative water in the well casing, surrounding filter 
pack, and local geologic formation.  Water standing in the well 
casing can be altered due to contact with the atmosphere and 
well casing material. 

I) Ensure that the bailer or pump has been decontaminated. 

II) Prepare the pump or bailer: 

 If a bailer is to be used to purge the well, a new cord or 
length of twine should be attached. 

 If an inertial lift pump (e.g., WaTerra™) is to be used, and 
a dedicated pump is not already present in the well: 

i. Ensure that a new WaTerra™ foot valve and new 
polyethylene tubing are used.  Ensure that clean latex 
gloves are worn when handling the footvalve and tubing. 

ii. Screw the foot valve into the end of the polyethylene 
tubing until it is securely attached to the tubing. 

iii. Lower the foot valve and attached tubing into the well. 
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3. Purging the Well (continued) 

iv. When the foot valve has been lowered to the base of the 
well, cut off any excess tubing at the surface (ensuring 
that a sufficient length of tubing has been left to relay 
purge water to a container. 

III) Place a container for the collection of purge water (e.g., large 
pail, drum, etc.) in an accessible location near the well. 

IV) Calculate the volume of water contained in the well using the 
formula below: 

 x r2  x (B - W) x 1,000 = vol. of water in well (litres) 
 

where:  B = depth to bottom of casing (m) 
W = depth to water in casing (m) 
  r = internal radius of the well  
  casing (m) 
(i.e., ½ the internal diameter; 0.5 ID) 

 
V) Calculate the purge volume, which is generally 3* to 5** 

times the well volume. 

B

W
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3. Purging the Well (continued) 

VI) Commence Purging the Well: 

 If using an inertial pump, start with the pump intake near 
the top of the water column and lower the pump during 
purging so that the intake is near the bottom when 3 well 
volumes have been removed 

 If using a bailer, lower the bailer to increasing depths 
during purging.  The bottom valve will allow for upwards 
flow only, so water removed will be predominantly from 
the maximum depth reached that trip (i.e., the valve will 
close when the bailer is raised).  Lower the bailer slowly 
into, and through the water column to minimize agitation. 

IMPORTANT:  Do not allow the pump intake to be lowered 
to within 0.3 m of bottom of well because silts or clays 
accumulated at the base of the well may clog or damage the 
pump.  Prior to purging, the well should be monitored for the 
presence of silt, clay and other particulate.  If silts and/or clays 
are present, they should be removed using the procedure 
described in Monitoring Well Development (Procedure 5.05). 
 

Bailer or Inertial Pump

Start Here

Work
Down
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3. Purging the Well (continued) 

 VII) Measure the pH, conductivity, and temperature of the 
purge water for every 1/3 well volume extracted according to 
Measurement of Field Parameters in Water (Procedure 
No. 5.07).  Record the measurements on the Groundwater 
Development, Purging and Sampling Data Sheet.  Record any 
observations noted relating to the purge water (odour, colour, 
turbidity, sheen, etc.). 

 Purging can be stopped when the pH, conductivity and 
temperature stabilize (i.e., if there is <10% change between 
3 successive readings) at any point after 1.5 well volumes 
have been extracted. 

 If, after 3 well volumes have been purged, the field parameters 
have not stabilized, 5** well volumes should be extracted.  If 
stabilization has still not occurred at that point, the well should 
be sampled regardless. 

 For deeper monitoring well installations with the screen 
located a significant distance below the water table, if the 
sample is to be analyzed for volatile compounds, ensure that 
the water-level is not lowered to below the top of the 
sandpack. 

 For wells with low-yields (e.g. those installed in fine-grained 
soils), purging the well “dry” one time prior to sampling will 
suffice.

 Low-yielding wells that are purged “dry” prior to sampling 
should not be sampled for volatile compounds, because of the 
potential for volatilization losses when the water-level is 
lowered below the top of the sandpack. 

VIII) Clearly label any purge water containers with the 
source(s) of groundwater (i.e., the monitoring well 
identification).  Keep heavily contaminated water 
separate from non- or lightly contaminated water. 

 

WHEN 
 pH 

 Conductivity 
 Temperature 

< 10% 
Stop Purging 
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4. Collecting Groundwater Samples 

A. Bailer: 

I) Lower the bailer slowly into the water column and 
collect the required sample.  Try to avoid agitating the 
water in the well during sampling, in order to minimize 
volatilization losses. 

II) Raise the bailer slowly up through the water column. 

III) The sample should be transferred to the sample 
bottle(s) or filtering apparatus (if applicable) via the 
bottom stopcock (if equipped) or by slowly decanting 
from the top of the bailer (see Steps 5 and 6 for further 
detail).  The sample should be transferred slowly to 
avoid aeration of water, which can cause degassing, 
and lead to significant chemical changes in the sample. 

IV) Repeat I to III if additional sample is needed. 

V) Transfer remaining water to a clean container (e.g., 
250 mL beaker) and measure field parameters (pH, 
temperature, conductivity) as described in 
Measurement of Field Parameters in Water (Procedure 
No. 27).  Record the readings on the Groundwater 
Development, Purging and Sampling Data Sheet. 

VI) Record field observations on the Groundwater 
Development Purging, and Sampling Data Sheet 
(colour, turbidity, odour (if present) and sheen (if 
present) of sample). 

VII) Discard excess water appropriately (e.g. to purge water 
containers if contaminants are unknown, or to sewer, or 
ground surface, if acceptable). 
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B.  Inertial Lift Pump: 

NOTE:  If a dedicated inertial-lift pump has been left in the well for 
12 months or more, and organic contamination is known or 
expected to be present in the groundwater, it may be necessary 
to replace the tubing. 

I) During sampling, maintain the foot valve at least 
0.25 metres above the bottom of the well (or above 
accumulated fine-grained sediments) to reduce the 
likelihood of drawing suspended solids into the 
sample. 

II) Collect the sample by pumping water directly into the 
sample bottle(s) or upper portion of the filter apparatus 
if applicable (see Steps 5 and 6 for further detail). 

III) The sample may be filtered, if necessary, by attaching 
a disposable in-line filter to the end of the tubing (i.e., 
using silicon tubing to join the two together).  Pump at 
least one litre of sample water through the filter prior 
to filling the sample bottle.  Pump this excess into the 
purge water container(s).  The in-line filter should be 
discarded after the sample is filtered. 

IV) Following sampling, pump additional water into a 
small container or flow-through cell and measure field 
parameters (pH, temperature and conductivity) as 
described in Measurement of Field Parameters in 
Water  (Procedure No. 5.07).  Record the readings on 
the Groundwater Development, Purging and Sampling 
Data Sheet. 

 

FLOW

To sample
bottle

In-line Filter
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VOC 
 

TOC 
 

DISSOLVED 
METALS 

 
EXTRACTABLE 

ORGANICS 
 

TOTAL METALS 
 

ANIONS 

4. Collecting the Groundwater Samples (continued) 

V) Record observations on the Groundwater Development 
Purging, and Sampling Data Sheet, including colour, 
turbidity, odour (if present) and sheen (if present) of 
sample. 

 

5. Preparing, Preserving and Packing the Samples 

IMPORTANT:  The results of any laboratory analysis 
are dependent both on the ability to collect a 
representative sample and to maintain sample integrity 
until it can be analyzed.  See Procedure No. 2.01 for 
further information. 

 

 As a general guideline, fill the bottles for those samples that 
require special handling first (e.g., filtering, preservative) 
followed by those that do not. 

 Sample for volatile organic compounds (VOC) first, followed 
by Total Organic Carbon (TOC) and those constituents that 
require field filtration (i.e., dissolved metals).  Collect samples 
for analysis of extractable organic constituents, total metals 
and anions last. 

 Fill VOC sample bottles completely until water “mounds” 
on top of rim.  Place the cap on snugly and then ensure that 
no air bubbles are trapped in the bottle.  Check this by tipping 
the bottle upside down and tapping the bottle to dislodge any 
bubbles.  If bubbles are present, resample. 

 Samples to be analyzed for dissolved metals must be field-
filtered and acidified.  See (Procedure No. 5.08). Air Bubble

 

Water “Mounds”

 

VOC 
CHECK: 
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5. Preparing, Preserving and Packing the Samples (continued) 

 If samples require a preservative: 

 If the preservative is already present in the sample bottle 
provided by the analytical laboratory, do not rinse the 
bottle, but fill to the rim. 

 If the preservative is not already present in the sample 
bottle provided by the laboratory, rinse the bottle and cap 
with the sample water three times, then fill the sample 
bottle to the base of the neck, taking care to leave sufficient 
room for the preservative.  Add preservative immediately. 

 If samples do not require a preservative, rinse sample bottle 
and bottle cap three times, and then fill bottle to the rim. 

 Seal all sample bottles tightly. 

 Label all samples clearly with an indelible marker.  Include 
sample number/ID, sample location, date and time collected, 
sampler, project descriptor, parameter to be analyzed and 
preservative (if added). 

 Collect a sufficient number of duplicate samples to meet data 
quality objectives and QA/QC requirements.  See Quality 
Control Sample Collection (Procedure No. 3.01).  Collect 
duplicate samples if access to the sampling location is difficult 
or if the sampling procedure is particularly time consuming.  
This will help ensure that a sample is available if breakage of 
some of the bottles occurs during transport or at the 
laboratory. 

 Pack samples in a cooler and maintain at 4 degrees Celsius 
using ice packs.  If the samples are collected and/or 
transported in very cold weather, use heat packs, if required, 
to prevent freezing. 

 Pack the samples in a transport container such that they will 
not break due to impact or vibration.  Do not let sample bottles 
touch each other or they may break.  Place generous amounts 
of packing material between all glass bottles. 
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6. Decontaminating the Sampling and Filtering Equipment 

 Thoroughly decontaminate the water-level probe, bailer or 
pump, filtering apparatus (discard used in-line filters) and all 
other relevant sampling equipment before sampling the next 
well.  See Decontamination of Equipment (Procedure No. 
2.02) 

 Repeat Steps 2 to 6 for the next well. 

 

7A. Completing the Sample Chain-of-Custody Form 

 Complete the sample chain of custody form once all wells 
have been sampled.  See the example completed form at the 
end of Procedure No. 2.01 for further guidance. 

 

7B. Storing and Submitting the Samples 

 Ensure that the samples are delivered to the laboratory, and 
that the lab has enough time to start the analysis, within the 
recommended holding time.  Sometimes delivery of samples 
at the end of the day or work week can result in delays in 
commencing the analysis, so keep this in mind when shipping 
or transporting samples. 

 
=========================================== 

  See Also: 

 Installation of Groundwater Monitoring Wells 
Monitoring Well Development 
Water-Level Monitoring in Wells 
Sampe Preparation, Preservation, Storage and Submission 
Decontamination of Equipment 
Field Filtering and Acidification of Dissolved Metals Samples 
Measurement of Field Parameters in Water 
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PROCEDURE NO.  5.08 

FIELD FILTERING AND ACIDIFICATION WATER SAMPLES 
 

WHEN? Water samples to be analyzed for dissolved metals and some other parameters 
should be field filtered and acidified immediately upon collection and prior to 
addition of any preservatives. 

WHY? Filtering removes colloidal material and suspended sediment onto which metals 
may be sorbed or desorbed, which will affect the representativeness of the sample 

HOW? Several types of field filters are available.  The procedures below are for the in-
line filter (which is attached to the tubing employed when samples are collected 
using a pump) and the “hour glass” filter, which is used when samples are 
collected using a bailer or other container.   
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Essential Equipment 

  Equipment for groundwater sampling or surface water sampling (see Procedure  
  No’s. 5.06 or 5.11) 
  Sample collection bottles 
  Deionized water 
  Dilute nitric acid solution, 10% concentration, or other preservative as applicable 
  Filter, one of : 
  - “Hour glass” filter 
  - In-Line filter (and clean connective tubing) 

 For hour glass filter: 

  Disposable filter papers (that fit filter; typically 0.45m) 
  Tweezers 
  Vacuum pump and hose 
  Small container with lid for collection of rinse water 

 
 

 

 
Essential Forms 

  Sample collection data sheet 
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1. “Hour Glass” Filter 

I. Ensure that the sample bottle contains preservative.  The 
bottles supplied by the lab may have preservative already, or it 
may need to be added. 

II. Ensure that all o-rings in the connecting section of the filter 
are in place and undamaged, and that the filter containers are 
clean. 

III. Rinse the filter containers (top and bottom sections) with 
dilute nitric acid solution. 

IV. Pour rinse solution into the storage container for later disposal. 

V. Rinse the upper section of the filter with sample water (twice).   

VI. Insert a new filter paper using tweezers; do not touch the filter 
paper with fingers or gloves. 

VII. Assemble the filter. 

VIII. Attach the vacuum pump firmly to the hose connection on the 
bottom section of the filter. 

IX. Pour the sample into the top section and apply a vacuum 
(water is pulled through, slowly, by the vacuum). 

X. When sufficient volume has been filtered (> 100 mL), pour 
into sample bottle.  If the filter paper clogs before sufficient 
sample has been collected:  

i. Release the vacuum, and remove and empty the top section of 
the filter.   

ii. Remove the filter paper using tweezers and discard.   

iii. Replace with a new filter paper.   

iv. Re-assemble the filter apparatus. 

To pump

Bottom
Section

Top
Section

Lid

Sample Water In

Filter
Paper

Hour-Glass Filter
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1. “Hour Glass” Filter (continued) 

XI. Unscrew the lid on the top portion of the filter and pour out 
the remainder of the unfiltered sample.  Dispose of the 
unfiltered sample in an appropriate manner. 

IMPORTANT:  Label the sample bottle as a “filtered sample”. 

XII. Disassemble and decontaminate the filter apparatus 
thoroughly.  Repeat steps I to XI for next sample. 

Equipment Blank - To be completed once during the collection of 
samples (discuss with Project Manager) to assess whether 
decontamination procedures are adequate: 

 Clean and rinse the sampling device and filter as above in 
steps III to V.  Reassemble the filter with a fresh filter paper. 

 Pour 150 mL of deionized water into the sampling device and 
transfer it to the upper section of the filter apparatus. 

 Filter as above. 

 Pour the filtered deionized water into the sample bottle and 
label as above, except add “equipment blank” to the label.  
This is a QC (Quality Control) sample to detect potential 
contamination of samples due to incomplete decontamination 
of the sampling device and/or filter.  

 

2. In-Line Filter 

I. Ensure that the sample bottle contains preservative. 

II. Connect the in-line filter to the sample collection tubing of 
the inertial or peristaltic pump (use short piece of clean, 
flexible tubing if required). FLOW

To sample
bottle

In-line Filter
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2. In-Line Filter (continued) 

III. Ensure that the filter flow direction is correct (an arrow is 
usually embossed on the filter). 

VI. Pump one (1) litre or more of sample fluid through the 
filter prior to sampling (unless extremely high suspended 
solid content plugs the filter quickly).  Dispose of this in an 
appropriate manner. 

V. Fill the sample container as required.  See Procedure No. 2.01 
for guidance. 

VI. The filter is not to be re-used.  Dispose of filter appropriately. 

IMPORTANT:  Label the sample bottle as a “filtered sample”. 

VII. Repeat steps I to VI for next sample, ensuring that, if 
dedicated samplers are not used, the sampling equipment has 
been decontaminated between sampling locations.   See 
Decontamination of Equipment (Procedure No. 2.02) for 
guidance. 

============================================ 

See Also: 
 
Groundwater Sampling 
Surface Water Sampling 
Quality Control Sample Collection 
Decontamination of Equipment 
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