
APPENDIX A 
Methodology for the 2007  

Hydraulic Monitoring 



STANDARD OPERATING PROCEDURES FOR FIELD WORK 

8.0 Hydraulic Monitoring 

8.1 WATER LEVEL AND NAPL THICKNESS MEASUREMENT 

8.1.1 Water Levels 

Introduction 

• Procedure for measuring water levels in a (vertical) borehole, piezometer, monitoring well, or 
other type of well. 

• Follows ASTM D4750-87 (1993). 

• Field personnel are to document water level measurements on Form-004 Water Levels. 

Equipment and Materials Requirements 

• Battery-operated water level indicator having a permanently embossed polyethylene tape 
(graduated every 1 mm) and a stainless steel probe; or 

• Battery-operated coaxial-cable water level meter having a small diameter probe on a narrow 
coaxial cable graduated every 1 m; a steel tape measure is required to complete the 
measurements. 

• Polyethylene or Teflon bailer.  

• Keys and tools to access wells, as necessary. 

Activities 

• Complete top section of Form-004 Water Levels. 

• Decontaminate the water level meter prior to use using the procedure described in 
Section 12.0 – Decontamination. 

• Switch on and press test button to ensure the water level meter is working. 

• For each measurement location, confirm the reference point that will be used. 

• Slowly lower the water level probe into the borehole/well until the sounder activates. 

• Slightly raise and lower the water level probe a few times to determine the specific depth 
where the sounder first activates. 
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• Record the depth to water from the reference point to the nearest half graduation on the 
water level tape; complete measurement with a tape measure if a coaxial-cable water level 
meter is used. 

• Record the time and date of measurement. 

• Repeat process two or more times to verify that the water elevation is at static condition.  
Wait about one minute between separate readings, until successive readings are within 
5 mm (or 0.02 feet).  Record all measurements. 

• Decontaminate the probe and that portion of the tape that was immersed in the water using 
the procedure described in Section 12.0 – Decontamination. 

Tips 

• ALWAYS double-check to ensure that the water level depth is read accurately from the tape. 

• Wells screened entirely below the water table may “pop” when unvented caps are removed.  
Allow longer times for water level to recover and stabilize, especially if well is completed in 
low permeability geologic materials. 

• Water level meters do not respond to non-aqueous phase liquids (NAPL) or deionized 
water. 

• Documentation of weather conditions and presence of other factors, such as pumping / 
extraction wells, is important to establish whether water level measurements are 
representative of static conditions. 

• Compare water levels to historical values of levels and/or from similar nearby wells to 
confirm values are reasonable; repeat measurements if in doubt. 

• Submerge a minimal length of water level probe and tape in the water column to minimize 
potential contamination of the well and reduce amount of equipment cleaning required. 

• Erratic soundings may occur due to condensation or water cascading into the well; this 
should be noted on the field forms. 

• Erratic soundings are also sometimes due to coatings or corrosion on the electrode of the 
probe; this can be remedied using a standard steel file or sandpaper to gently clean the 
electrode. 

References 

American Society for Testing and Materials (ASTM), 1993.  Test Method for Determining 
Subsurface Liquid Levels in a Borehole or Monitoring Well (Observation Well).  
D4750-87(1993). 
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8.1.2 Inspection and Measurement of NAPL Layers 

Introduction 

• Procedure for inspection and measurement of light and/or dense non-aqueous phase liquid 
layers (LNAPL or DNAPL, respectively) in a (vertical) borehole, piezometer monitoring well, 
or other type of well. 

• Follows ASTM D4750-87 (1993). 

• Field personnel are to document interface level measurements on Form-005 Interface 
Levels. 

Equipment and Materials Requirements 

• Battery-operated interface meter having a permanently embossed tape graduated every 1 
mm (or 0.01 feet).  The tone emitted indicates whether an immiscible layer (constant tone) 
or water (intermittent tone) has been encountered. 

• Keys and tools to access wells, as necessary. 

Activities 

• Complete top section of Form-005 Interface Levels. 

• Decontaminate the interface level meter prior to use using the procedure described in 
Section 12.0 – Decontamination. 

• Switch on and press test button to ensure the interface level meter is working. 

• For each measurement location, confirm the reference point that will be used. 

• Slowly lower the interface probe into the well/borehole until the sounder activates indicating 
a fluid interface. 

• Slightly raise and lower the interface probe a few times to confirm the depth where the 
sounder first activates. 

• Record the depth to the interface from the reference point to the nearest half graduation on 
the interface level tape, and note the type of interface based on the sounder tone and 
position within the well/borehole liquid column. 

• Continue lowering the probe until the bottom of the well is reached, recording the depth and 
type of liquid interfaces encountered along the way. 

• Repeat the measurement(s) for each interface encountered as the interface probe is slowly 
withdrawn from the well. 
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9.0 Groundwater Sample Collection  

Ideally, if there are no time constraints, monitoring well development, purging and sampling 
should not begin for several days to mitigate the effects of well trauma.  Well trauma refers to 
the change in the natural groundwater geochemistry as the result of introduction of materials 
used during borehole drilling and well construction.  For example, the use of bentonite clays or 
cement grout may influence the presence and concentrations of various cations resulting in a 
change in groundwater chemical equilibrium.  Some contaminants complex with these ions and 
the concentration of these contaminants may be biased.  Note that despite delaying activities at 
the well, the effects of well trauma may remain for months to years before groundwater 
chemical equilibrium is restored. 

If there are time constraints, activities at the well should not be initiated until at least 24 hours 
have elapsed from the time of well installation to allow the materials used in well construction 
and the water level time to stabilize.  

9.1 MONITORING WELL DEVELOPMENT 

Introduction 

• Groundwater monitoring wells are developed for the following reasons: 

− rectify damage done to the borehole wall and adjacent formation during the drilling 
process (e.g., smearing or compaction of formation materials; 

− retrieve lost drilling fluid (if used during borehole drilling) and restore the groundwater 
properties disturbed during the drilling process; 

− remove fine-grained materials from around the filter pack and well screen that may 
otherwise interfere with groundwater quality analyses (e.g., turbid, sediment-laden 
samples); and 

− improve the hydraulic efficiency of the filter pack and hydraulic communication between 
the well and the geologic materials adjacent to the filter pack for the acquisition of 
representative groundwater samples and formation hydraulic data. 

• This section describes the procedure for well development using Waterra™ inertial lift 
pumps, Waterra™ surge blocks, or bailers. 

• Follows ASTM D5521-94.  

• Field personnel are to document well development activities on Form-008 Well Development 
/ Purging. 
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Equipment and Materials Requirements 

Dedicated Equipment and Materials 

• To remove the chance of cross-contamination between wells, the following equipment and 
materials should be dedicated to each well:  

− Delrin™ or stainless steel Waterra™ foot valves and Delrin™ surge blocks; 

− polyethylene tubing; or 

− polyethylene or Teflon bailer. 

Other Equipment and Materials 

• flow-through cell; 

• pH meter*; 

• specific conductance meter*; 

• Eh meter; 

• turbidity meter; 

• calibration solutions*; 

• dissolved oxygen (DO) kit, including bottles and reagents; 

• distilled water*; 

• thermometer; 

• battery-operated water level meter having a permanently embossed polyethylene tape 
(graduated every 1 mm or 0.01 ft) and a stainless steel probe*, or 

• battery-operated coaxial-cable water level meter having a small diameter probe on a narrow 
coaxial cable graduated every 1 m; a steel tape measure is required to complete the 
measurements*, or 

• battery-operated interface meter having a permanently embossed tape graduated every 
1 mm or 0.01 ft.  The tone emitted indicates whether an immiscible layer (single tone) or 
water (intermittent tone) has been encountered*; and 

• keys and tools to access wells, as necessary*. 

*  minimum equipment required. 
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Activities 

• Complete top section of Form-008 Well Development / Purging; 

• Measure and record initial water level as outlined in Section 7.1.1 or Section 7.1.2; 

• Install the Waterra™ inertial pumping system.  Typically, this system consists of a 25 mm 
(1 in.) OD Delrin™ foot-valve attached to a length of stiff, 16 mm (5/8 in.) OD, high-density 
polyethylene (HDPE) tubing equal to the depth of the well.  If a surge block is to be used, a 
48 mm (1 7/8 in.) OD Delrin™ surge block can be fitted over the foot-valve.  Oscillation of 
the tubing, together with the action of the foot valve, forces water up through the tubing to 
ground surface, or  

• Attach the bailer to a length of polyethylene or nylon cord equal to the depth of the well.  A 
typical bailer consists of polyethylene (disposable), Teflon™ or stainless steel (cleanable) 
construction with a single or double check valve.  They are typically 44 mm (1 ¾ in.) OD by 
0.95 m in length (for an approximate capacity of 1 L).  The bailer is lowered into the well and 
allowed to fill once contact is made with the top of the water column.  The bailer is removed 
after it is judged to have filled completely (if possible) with water; 

• Calculate the volume of water contained in the well casing (casing volume) by using the 
inside diameter of the casing, total depth, and a measurement of the static water level in the 
well.  As an example, in a 50 mm (2 in.) diameter well, one purge volume is equal to 2 times 
the height of the water column; 

• Calibrate all field instruments according to the manufacturer’s instructions prior to 
evacuation of water (start of the day).  The instruments should be monitored for drift from 
calibration at a minimum of every 4 hours by placing the probes in the calibration standards 
and noting the measurements.  All measurements made during calibration should be 
recorded on Form-007 Field Instrument Calibration; 

• Begin development by removing water from the well at a rate (generally faster than about 
4 litres per minute (Lpm) (1 gallon per minute (gpm)) greater than the expected rate of water 
removal during well purging (generally less than 2 Lpm or 0.5 gpm); 

• Measure and record initial water quality parameters (e.g., Eh, pH, specific conductance, 
temperature dissolved oxygen (DO) and turbidity); 

• Measure and record the water quality parameters and water levels following the removal of 
each casing volume. If there is sufficient flow, pH and Eh should be measured using the 
flow-through cell; 

• An effort should be made to remove a minimum of five to ten casing volumes plus the 
volume of water lost downhole during drilling (if applicable).  Ideally, development continues 
until the water quality parameters stabilize to within ± 10 percent of the last measurement.  
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Additional water may be removed to further reduce the silt content.  The volume of fluid 
evacuated from a well is measured using a calibrated bucket; and 

• The results of all field measurements of water quality parameters, observations of physical 
appearance of the development water, volume removed, pumping rate and pump intake 
location are recorded on Form-008 Well Development / Purging. 

Tips 

• Automated pumps such as a Waterra™ Hydrolift II, a Grundfos Redi-Flo 2, a Whale 
submersible pump or a Masterflex peristaltic pump can facilitate developing and purging 
activities and, in the case of the Hydrolift II or the peristaltic pumps, may permit sampling; 

• Pump placement within the well is dependent on well yield.  Proper pump placement 
ensures complete and proper well development.  Initially, the pump is placed at the bottom 
of the well screen.  In wells that can yield water at rates exceeding about 4 Lpm (1 gpm), the 
pump is slowly raised through the column of water in the well such that the pump is located 
at the top of the water column after approximately two casing volumes have been removed.  
In wells that can yield water at rates less than about 2 Lpm (0.5 gpm), the pump is placed at 
the bottom of the well during development and the water level is drawn down in the well as 
development proceeds; 

• Surge blocks enhance well development by creating a piston-like action that alternately 
forces water to flow out of the well (downstroke) and into the well (upstroke).  Water forced 
out of the well effectively backwashes the formation and loosens bridges in the formation or 
filter pack.  Water pulled into the well dislodges fine-grained material in the filter pack, which 
can be then be purged from the well; 

• Surge blocks should be sized to be within 6 mm of the inside diameter of the well casing 
because anything much smaller than the casing diameter would not create a good piston-
like action;  

• If surging is performed within the screen, care should be taken to avoid “sandlocking” the 
surge block.  Sandlocking occurs when the fine-grained material accumulates around the 
surge block preventing further movement of the equipment; 

• It is recommended that surging begin above the well screen (depending upon the water 
level within the well) with gentle surging movement.  As development proceeds, the surge 
block can be gradually lowered into the screened interval and the surging movement can be 
increased.  If initial development is too vigorous, the well could collapse due to the creation 
of a significant pressure differential.  Similarly, surging should not be attempted if the 
screened interval is completely plugged or if the well is dry; 

• Bailers are generally used when a well is not expected to yield much water or if the column 
of water inside the well is less than about 0.6 m.  In both cases, there would likely be 
insufficient water to permit water to fill and discharge from the tubing; 

 9.4  



Standard Operating Procedures for Field Work 
Groundwater Sample Collection 
May 1, 2007 

• Bailers are not the preferred method for well development because their use can be time 
consuming and labor intensive; 

• If flow appears to decrease while pumping with the Waterra™, the foot valve may be 
clogged with silt.  The following procedure can be used to restore the foot valve: 

− Pull tubing out of the monitoring well and either place it on a clean tarp or into a plastic 
garbage bag.  Do not allow tubing to contact the ground surface to avoid contamination; 

− Remove foot valve and tap to remove silt; 

− Reinstall Waterra™ tubing into the monitoring well. 

• If the head of water in the tubing is decreasing, there may be a foreign object caught in the 
foot valve that is preventing it from closing.  Follow the procedure described above to 
attempt to remove the obstruction; 

• If the tubing drops into the monitoring well below the top of the casing, several methods 
exist to attempt to retrieve the tubing, as follows: 

− Gently push end of water level tape into the tubing.  There should be enough friction to 
pull the tubing up enough to reach with your hand; 

− If the top of the tubing is greater than 0.1 m below the top of the casing, use a 12.5 mm 
(0.5 in.) diameter wood dowel to fish the tubing.  Taper the dowel with a knife and 
attempt to insert into the end of the tubing; 

− If the top of the tubing is greater than 1 m below the top of the casing attach an 
appropriate length of tubing to the dowel to extend the reach; or 

− If the top of the tubing is greater than 5 m below the top of the casing, try to attach a die 
tap instrument to an appropriate length of tubing.  Attempt to screw die tap into top of 
tubing. 

• If the tubing has been folded over and has dropped into the monitoring well below the top of 
the casing, a piece of stiff wire (such as a coat hanger) with one end bent into a hook, can 
be used to “fish” the tubing out of the well. 

References 

American Society for Testing and Materials (ASTM), 1994.  Standard Guide for Development of 
Ground-Water Monitoring Wells in Granular Aquifers.  D 5521-94. 
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9.2 MONITORING WELL PURGING 

Introduction 

• This section presents the procedure for purging groundwater monitoring wells to evacuate 
stagnant water in the well.  Stagnant water is generally unrepresentative of formation water 
because chemical or biochemical change may cause water quality alterations; 

• Procedure describes well purging using either Waterra™ inertial lift pumps, or bailers; 

• Follows ASTM D 4448–85a; and 

• Field personnel are to document well purging activities on Form-008 Well Development / 
Purging. 

Equipment and Materials Requirements 

• As detailed in Section 8.1. 

Activities 

• Complete top section of Form-008 Well Development / Purging; 

• Measure and record initial water level as outlined in Section 7.1.1 or 7.1.2; 

• Calculate the volume of water contained in the well casing (casing volume) by using the 
diameter, total depth, and a measurement of the static water level in the well; 

• Calibrate all field instruments according to the manufacturer’s instructions prior to 
evacuation of water (start of the day).  The instruments should be monitored for drift from 
calibration approximately every 4 hours and/or at the end of the day by placing the probes in 
the calibration standards and noting the measurements.  All measurements made during 
calibration should be recorded on the Form-007 Field Instrument Calibration; 

• Measure and record initial water quality parameters (Eh, pH, specific conductance, 
temperature and turbidity); 

• Purging should be conducted until 3 to 5 casing volumes are purged from the well. In a 
properly developed well, the water quality parameters typically stabilize to within ± 10 
percent of the last measurement.  Ideally, the well will not be purged below the top of the 
screened interval; however, given that many wells are screened across the water table to 
facilitate monitoring of LNAPL, the static water levels may not be above the top of the 
screened interval.  In this case, the wells would preferably not be purged dry to avoid 
aeration of the sample or the potential loss of volatile compounds;  
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• Purging should be halted if the water level drops below the midpoint of the well screen.  If a 
well is pumped to midscreen or dry, then the following actions are recommended based on 
the well response: 

− if a well pumps to midscreen or dry during purging and the water level recovers to static 
conditions within about 1 hour, then purging should be conducted until the water quality 
parameters stabilize to within ± 10 percent of the last measurement (typically 3 - 5 
casing volumes);  

− if a well pumps to midscreen or dry during purging and the water level recovers to within 
about 80% of the static condition in less than 8 hours, the well should be evacuated 
again at least once before sampling is performed; and 

− if the water level does not recover after 24 hours, samples will be collected the next day 
or once the well recovers sufficiently to permit sampling. 

• Measure and record the water quality parameters following the removal of each casing 
volume. If there is sufficient flow, the Project Manager may require pH and Eh to be 
measured using the flow-through cell; and 

• The results of all field measurements of water quality parameters, observations of physical 
appearance of the purged water, volume removed, pumping rate and pump intake location 
are recorded on Form-008 Well Development / Purging. 

Tips 

• A purging rate that minimizes drawdown should be used since excessive drawdown distorts 
natural groundwater flow and could potentially cause migration of contaminants into a well 
that were not originally present at that screened interval; 

• Try to avoid drawing the water level below the top of the screened interval to limit the 
introduction of air, soil gas, and bacteria; 

• If a bailer is used, make an effort not to drop the bailer into the well as this will cause 
degassing of the water upon impact; 

• If the natural flow of water through the filter pack is not deemed sufficient to keep the filter 
pack flushed, then the volume of water to be purged may need to include the water stored in 
the filter pack; and 

• In deep wells where large volumes of water would need to be purged, low flow or micro-
purging methods should be considered (protocols pending). 

References 

American Society for Testing and Materials (ASTM), 1992.  Standard Guide for Sampling 
Ground Water Monitoring Wells.  D 4448-85a (1992). 
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9.3 GROUNDWATER SAMPLE COLLECTION 

Introduction 

• This section describes procedures for collecting representative groundwater samples from 
monitoring wells and piezometers; and 

• Field personnel are to groundwater sample collection activities on Form-009 Sample 
Collection Record. 

Equipment and Materials Requirements 

• As detailed in Section 8.1. 

Activities 

• Complete top section of Form-009 Sample Collection Record; 

• If sampling does not immediately follow purging, measure and record initial water quality 
parameters (Eh, pH, specific conductance, temperature and turbidity); 

• If the well has been pumped to midscreen or dry prior to sampling, then, at the time of 
sampling, water from the top of the column should be removed until approximately 1m of 
water remains above the midpoint of the well screen (if possible).  The sample should be 
collected at this point; 

• Sampling should progress from the well that is expected to be least contaminated to the well 
that is expected to be most contaminated to minimize the potential for cross-contamination.  
Unless a sample is to be collected for product characterization, a sample should not be 
collected from wells that contain free-phase product; 

• Collect samples as soon as possible after the well has been purged to minimize degassing 
of the formation water; 

• Groundwater samples are collected by direct transfer, without agitation, from the pumping 
system to the appropriate pre-labelled containers (the use of bailers is addressed in the tips 
below); 

• Samples should be collected and placed into containers according to the volatility of the 
target analytes.  The preferred collection order for some of the common groundwater 
analytes is as follows: 

1. volatile organic compounds (VOCs) and total organic halogens (TOX), including 
benzene, toluene, ethylbenzene and xylenes (BTEX) and petroleum hydrocarbons 
(PHC) Fraction 1 (F1); 

2. dissolved gases and total organic carbon (TOC); 
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3. extractable organics (e.g. PHC F2); 

4. semivolatile organic compounds (SVOCs), such as polynuclear aromatic hydrocarbons 
(PAHs), PHC F3; 

5. phenols; 

6. PHC F4; 

7. bacteria and microscopic particulates; 

8. general chemistry (major cations and anions); 

9. nutrients; and 

10. metals and cyanide. 

• The procedure for the collection of field replicates is discussed in Section 15.0 – Quality 
Assurance / Quality Control; 

• Measure and record the water quality field parameters following sample collection. If a field 
replicate is to be collected, then the water quality parameters should be measured and 
recorded after the collection of the field replicate as well.  If there is sufficient flow, the 
Project Manager may require pH and Eh to be measured using the flow-through cell; and 

• A sample for dissolved oxygen (DO) titration may also be collected for each groundwater 
sample collected (including field replicates).  Preservation of the DO sample(s) should be 
completed in the field using the azide modification of the Winkler method (APHA, 1995).   

Tips 

• There are two common procedures by which to collect samples for the analysis of VOCs 
while minimizing losses due to volatilization: 

1. Hold the tubing upright and oscillate slowly until the water discharges from the top of the 
tubing and no air bubbles are left.  Pull approximately 1 m of tubing from the well and 
allow the water to cascade into the vial without letting the tubing to come into contact 
with the vial itself.  Repeat this step for each vial to be filled.  It is common practice to 
fold any tubing that extends out beyond the top of the well casing back into the well.  
Unfortunately, this causes the tubing to kink and become perforated.  The perforation will 
introduce air to the sample; therefore, this length of tubing should be cut off.  If an 
additional length of tubing is needed, it is suggested that 13mm (1/2 in) OD tubing be 
fitted into the standard Waterra™ tubing; and 

2. Slide approximately 2.15 m (7 feet) of narrow (6 mm (¼ inch) OD x 2.4 m (8 feet)) VOC 
sampling tube into the standard Waterra™ tubing leaving about 0.3 m (1 foot) protruding 
from the end.  Oscillate the pumping assembly until water discharges from both tubes.  
Pumping can be stopped and water will cease to flow from the standard tubing but will 
continue to flow from the VOC tubing (the VOC tubing operates as a siphon).  The flow 
from the narrow VOC tubing, which is steady and laminar, can then be directed into the 
sample vials. 
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• Bailers are not the preferred method for groundwater sample collection because, among 
other things, the transfer of water from the bailer to a sample container may significantly 
alter the chemistry of the groundwater due to degassing, volatilization or aeration/oxidation.  
If a bailer is used, (generally necessitated by low yield or low volume wells), then it is 
preferable to use a bottom-emptying device that allows the water to drain slowly into the 
sample container; 

• Bailers are a good means to collect LNAPL and DNAPL samples; 

• Ideally, sample collection should be at the same rate as the actual groundwater flow rate 
(this is typically not accurately known so a low sampling rate of less than 0.5 Lpm is 
suggested); 

• Try to avoid drawing the water level below the top of the screened interval to limit the 
introduction of air, soil gas, or bacteria; 

• To minimize the time between purging and sample collection, all sample containers should 
be labeled and prepared for filling prior to purging of the final casing volume; and 

• Do not allow sampling equipment (including the probe of the water level meter) to come into 
contact with the ground prior to insertion into the well.  A clean tarp or plastic sheeting 
placed around the well is a convenient means of avoiding this situation. 

9.3.1 Sample Filtration 

• Samples collected for analysis of dissolved metals should be field filtered using a 0.45 
micron cellulose-acetate filter.  Some in-line filters are equipped with barbs that fit directly 
into standard 13 mm (1/2 in.) diameter Waterra™ tubing.  If the filter is not so equipped, a 
short length of 9.5 mm (3/8 in.) diameter tubing is required.  If there is a sufficient volume of 
water available, the filter can be conditioned by pumping about 1 L of water through the filter 
prior to filling the sample bottles; 

• Field filtration is warranted if ion balance calculations are to be performed.  In this event, it is 
recommended that two sets of samples for general chemistry be collected (one filtered and 
one unfiltered).  This should be discussed with the Project Manager; and    

• Samples collected for analysis of organic constituents should not be field filtered. 

Tips 

• When using in-line filters it is suggested that water be pumped through the tubing until it 
begins to discharge before the filter is attached to the tubing.  This avoids the build up of 
backpressure that restricts the flow of water; and   

• Remember that field filtered samples will provide information only on the dissolved 
constituents that are present in the groundwater sample because suspended materials are 
removed by filtering. 
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