BMI Common Areas, Clark County, Nevada

SOP-05 Water Sampling and Field Measurements



BRC Standard Operating Procedures

December 2009

BASIC REMEDIATION COMPANY 

STANDARD OPERATING PROCEDURES

BMI COMMON AREAS

CLARK COUNTY, NEVADA

SOP-05

WATER SAMPLING AND FIELD MEASUREMENTS

STANDARD OPERATING PROCEDURES

SOP-05

WATER SAMPLING AND FIELD MEASUREMENTS

TABLE OF CONTENTS

Section
Page
11.0
INTRODUCTION

2.0
DEFINITIONS
1
3.0
RESPONSIBILITIES
4
4.0
WATER SAMPLING GUIDELINES
4
4.1
Equipment
4
4.1.1
Bailers
6
4.1.2
Peristaltic Pumps
7
4.1.3
Submersible Pumps
8
4.1.4
Other Pumps
9
4.2
Well Purging Methods
10
4.2.1
Calculation of Casing Volume
10
4.2.2
Calculation of Annulus Volume
11
4.2.3
Purging Requirements
12
4.2.4
Purge Water Handling and Disposal
13
4.3
Field Measurements
13
4.3.1
Water Level
14
4.3.2
Multi-Parameter Probes
15
4.4
Sample Collection Methods
15
4.4.1
Sample Containers
15
4.4.2
Field Filtration for Dissolved Metals and Radionuclides
16
4.4.3
Methyl Mercury “Clean Hands/Dirty Hands” Collection Method
17
4.4.4
Sampling from Non-Monitoring Wells and Springs/Seeps
18
4.5
Decontamination
19
4.6
Records and Documentation
20
4.6.1
Sample Designation
20
4.6.2
Sample Label
20
4.6.3
Field Notebooks and Sampling Forms
20
4.6.4
Chain‑of‑Custody
20
4.7
Sample Handling and Shipping
21
4.7.1
Sample Handling
21
4.7.2
Shipping Instructions
21
5.0
REFERENCES
22


LIST OF ATTACHMENTS

Attachment 1
 Monitoring Well Development/Sampling Form

Attachment 2
 Groundwater Field Sampling Form
Attachment 3
 Chain-of-Custody Record

Attachment 4
 Volume of Schedule 40 PVC Pipe



DISCLAIMER

THE FOLLOWING STANDARD OPERATING PROCEDURE PROVIDES GENERAL GUIDANCE FOR BRC CONTRACTORS FOR TECHNICAL ISSUES ADDRESSED DURING ENVIRONMENTAL SITE INVESTIGATION AND REMEDIATION ACTIVITIES.  IT IS NOTED, HOWEVER, THAT EACH SITE IS UNIQUE AND THESE GUIDELINES ARE NOT A SUBSTITUTE FOR COMMON SENSE AND GOOD MANAGEMENT PRACTICES BASED ON PROFESSIONAL TRAINING AND EXPERIENCE.  IN ADDITION, INDIVIDUAL CONTRACT TERMS MAY AFFECT THE IMPLEMENTATION OF THIS STANDARD OPERATING PROCEDURE.  BRC CONTRACTORS RESERVE THE UNRESTRICTED RIGHT TO CHANGE, MODIFY OR NOT APPLY THESE GUIDELINES IN THEIR SOLE, COMPLETE, AND UNRESTRICTED DISCRETION TO MEET CERTAIN CIRCUMSTANCES, CONTRACTUAL REQUIREMENTS, SITE CONDITIONS, OR JOB REQUIREMENTS.
1.0 INTRODUCTION

This guideline is a general reference for the proper equipment and techniques for groundwater sampling. The purpose of these procedures is to enable the user to collect representative and defensible groundwater samples and to facilitate planning of the field sampling effort. These techniques should be followed whenever applicable, although site‑specific conditions or project‑specific plans may require adjustments in methodology.

To be valid, a groundwater sample must be representative of the particular zone of the water being sampled. The physical, chemical, and bacteriological integrity of the sample must be maintained from time of collection to time of analysis in order to minimize changes in water quality parameters. Acceptable equipment for withdrawing samples from completed wells includes bailers and various types of pumps. The following are primary considerations in obtaining a representative sample of the groundwater:

· Avoid collecting stagnant (standing) water in the well.

· Avoid physically or chemically altering the water by improper sampling techniques, sample handling, or transport. 

· Document that proper sampling procedures have been followed.

This guideline describes suggested well evacuation (or purging) methods, sample collection and handling, field measurement, decontamination, and documentation procedures. Examples of sampling and chain‑of‑custody (COC) forms are attached.

2.0 DEFINITIONS
Annular Space
The space between casing or well screen and the wall of the drilled hole, or between drill pipe and casing, or between two separate strings of casing. Also called annulus.

Aquifer
A geologic formation, group of formations, or part of a formation that is capable of yielding a significant amount of water to a well or spring.

Bailer
A long narrow tubular device with an open top and a check valve at the bottom that is used to remove water from a well during purging or sampling. Bailers are available in many widths and lengths, and may be made of Teflon, polyvinyl chloride (PVC), polyethylene (PE), or stainless steel. Disposable bailers are widely used, and are available in Teflon and PE.

Bladder Pump
A pump consisting of flexible bladder (usually made of Teflon) contained within a rigid cylindrical body (commonly made of PVC or stainless steel). The lower end of the bladder is connected through a check valve to the intake port, while the upper end is connected to a sampling line that leads to the ground surface. A second line, the gas line, leads from the ground surface to the annular space between the bladder and the outer body of the pump. After filling, under hydrostatic pressure, application of gas pressure causes the bladder to collapse, closing the check valve and forcing the sample to ground surface through the sample line. Gas pressure is often provided by a compressed air tank, and commercial models generally include a control box that automatically switches the gas pressure off and on at appropriate intervals.

Centrifugal Pump
A pump that moves a liquid by accelerating it radially outward in an impeller to a surrounding spiral‑shaped casing.

Chain of Custody
Method for documenting the history and possession of a sample from the time of its collection through its analysis and data reporting to its final disposition.

Check Valve
Ball and spring valves on core barrels, bailers, and sampling devices that are used to allow water to flow in one direction only.

Conductivity (electrical)
A measure of the quantity of electricity transferred across a unit area, per unit potential gradient, per unit time. It is the reciprocal of resistivity.

Datum
An arbitrary surface (or plane) used in the measurement of heads (i.e., National Geodetic Vertical Datum, commonly referred to as mean sea level).

Direct-Push Technology
A method of soil boring installation involving pushing a sampling device into the ground and retrieving it for soil description and collection (Geoprobe( is a common trademark name). Groundwater samples can be collected from the borehole by inserting a screen point into the hole and removing groundwater via peristaltic pump or small-diameter bailer. Similar to Hydropunch( (see below).

Decontamination
A variety of processes used to clean equipment that contacted formation material or groundwater that is known to be or suspected of being contaminated.

Downgradient
In the direction of decreasing potentiometric head.

Drawdown
The lowering of the water level or potentiometric surface in a well and aquifer due to the discharge of water from the well.

Electric Submersible Pump
A pump that consists of a rotor contained within a chamber and driven by an electric motor. The entire device is lowered into the well with the electrical cable and discharge tubing attached. A portable power source and control box remain at the surface. Electrical submersible pumps used for groundwater purging are constructed of inert materials such as stainless steel, and are well sealed to prevent sample contamination by lubricants.

Filter Pack
Sand or gravel that is generally uniform, clean, and well rounded that is placed in the annulus between the borehole wall and the well screen to prevent formation material from entering through the well screen and to stabilize the adjacent formation.

Headspace
The empty volume in a sample container between the water level and the cap.

HydroPunch(
An in situ groundwater sampling system in which a hollow steel rod is driven into the saturated zone that allows for the collection of a groundwater sample.

In Situ
In the natural or original position; in place.

Monitoring Well
A well that is constructed by one of a variety of techniques for the purpose of extracting groundwater for physical, chemical, or biological testing, or for measuring water levels or potentiometric surface.

Packer
A transient or dedicated device placed in a well or borehole that isolates or seals a portion of the well, well annulus, or borehole at a specific level.

Peristaltic Pump
A low‑volume suction pump. The compression of a flexible tube by a rotor results in the development of suction.

pH
A measure of the acidity or alkalinity of a solution, numerically equal to 7 for neutral solutions, increasing with increasing alkalinity and decreasing with increasing acidity. (Original designation for potential of hydrogen.)

Piezometer
An instrument used to measure water level or potentiometric head at a point in the subsurface; a non-pumping well, generally of small diameter, that is used to measure the elevation of the water table or potentiometric surface.

Preservative
An additive (usually an acid or a base) used to protect a sample against decay or spoilage, or to extend the holding time for a sample.

Static Water Level
The elevation of the top of a column of water in a monitoring well or piezometer that is not influenced by pumping or conditions related to well installation, hydrologic testing, or nearby pumping.

Turbidity
Cloudiness in water due to suspended and colloidal organic and inorganic material.

Upgradient
In the direction of increasing potentiometric head.

3.0 RESPONSIBILITIES
The Project Manager selects site‑specific water sampling methods, locations for monitoring well installations, monitoring wells to be sampled and analytes to be analyzed (with input from the Field Team Leader and Project Geologist), and is responsible for project quality control and field audits.

The Field Team Leader/Geologist (a qualified Nevada Certified Environmental Manager [C.E.M.]) implements the water sampling program; supervises the Project Geo​logist/Hydro​geo​logist and Sampling Technician; ensures that proper COC procedures are observed and that samples are sampled, transported, packaged, and shipped in a correct and timely manner.

The Project Geologist/Hydrogeologist (a qualified Nevada C.E.M.) ensures proper collection, documentation, and storage of groundwater samples prior to shipment to the laboratory, and assists in packaging and shipment of samples.

The Field Sampling Technician assists the Project Geologist/Hydrogeologist in the completion of tasks and is responsible for the proper use, decontamination, and maintenance of groundwater sampling equipment.

4.0 WATER SAMPLING GUIDELINES

4.1 Equipment
There are many methods available for well purging (evacuation) and sampling. A variety of issues must be considered when choosing purging and sample collection equipment. These issues include the following:

· Depth and diameter of the well

· Recharge capacity of the well

· Analytical parameters that will be tested

· Governing regulatory requirements

Few sampling devices are suitable for the complete range of groundwater analytical parameters. For example, a bailer is acceptable for collecting major ion and trace metal samples (if turbidity is not a factor), but analytical results may be incorrect if used for the collection of samples that are analyzed for volatile organics, dissolved gases, or even pH. Generally, the best pumps are positive displacement pumps, such as bladder and helical rotor pumps, which minimize the aeration of the groundwater as it is sampled, and therefore yield the most representative groundwater samples. Although it is possible to use different equipment to purge the well and to sample the well, this is not recommended because of the increased decontamination requirements and possibilities for cross contamination. It is recommended that a flow rate as close to the actual groundwater flow rate should be employed to avoid further development, well damage, or the disturbance of accumulated corrosion or reaction products in the well (Puls and Barcelona, 1989).

Positive displacement pumps, such as bladder pumps, are generally recommended for both well evacuation and sample collection. Disposable bailers are also commonly used for well development and evacuation, as well as sample collection in certain cases. Other types of sample collection such as gas lift pumps should be avoided, especially when analyzing for sensitive parameters, because of the geochemical changes that can occur due to the aeration of the water within the well. Also, the use of certain sample devices (e.g., bailers or high-rate centrifugal pumps) may entrain suspended materials, such as fine clays and colloids, which are not representative of mobile chemical constituents in the formation of interest (Puls and Barcelona, 1989).

Specific instructions for the use of several of the sampling devices are discussed in the next sections. All purging and sampling equipment should be decontaminated before beginning work and between wells, in accordance with Section 4.5.

4.1.1 Bailers 
Bailers represent the simplest and least expensive method of collecting the sample from a well. However, they may not be suitable for all analyses. Bailers are available as permanent (re-usable or dedicated) and disposable. Permanent bailers are usually constructed of Teflon or stainless steel. Disposable bailers are usually constructed of PE or Teflon. 

The advantages to using permanent bailers are:

· Inexpensive

· Easy to use and maintain

The disadvantages to using permanent bailers are:

· Disturb sediment while sampling

· Require decontamination and risk of cross-contamination

· Require disposal of contaminated purge water

· Possibility of splashing (health and safety issue)

The advantages of using disposable bailers are:

· No need for decontamination between.

· Inexpensive

· Easy to use

The disadvantages to using disposable bailers are:

· Disturb sediment while sampling

· Require disposal of contaminated purge water

· Possibility of splashing (health and safety issue)

Disposable bailers are preferred. Since there is no cross‑ contamination between samples, there is no need for time‑consuming decontamination.

Bailers can be lowered and raised using stainless steel wire or polypropylene cord. Polypropylene cord is recommended since it is inexpensive, light, and strong, however it should be discarded after one use to prevent cross-contamination. At no time should the bailer or the line touch the ground during the sampling process. This can be done by coiling the line around one’s hands while pulling the bailer out of the well. For deep wells, the line may be coiled into a bucket or on a clean plastic sheet. 
During bailing, the purge water is poured out of the top of the bailer into a 5-gallon bucket, 55-gallon drum, or equivalent. Most groundwater sampling protocols require that the amount of water purged be recorded; thus, a 5-gallon bucket with 1-gallon markings is recommended. During sampling, the water can be poured out of the top of the bailer. This should not be done for volatile analyses. Water can also be removed from the bottom of the bailer using a small tube or sampling device that comes with most disposable bailers. This device essentially pushes the ball out of the valve, allowing water to slowly flow out of the bottom of the bailer. This is the recommended method for volatile organic compound (VOC) sampling. 

4.1.2 Peristaltic Pumps

Peristaltic and centrifugal pumps are widely used for purging wells with water levels close to the surface (less than 30 feet). They are light, reasonably portable, and easily adaptable to ground level monitoring of field parameters by attaching a flow‑through cell. These pumps require minimal downhole equipment. The tubing can easily be cleaned in the field; however, more often dedicated tubing is left in each well, or tubing is replaced after each well. The following procedures should be considered when using these pumps:

· Unless dedicated tubing is used, the interior and exterior of all intake tubing used with the peristaltic/centrifugal pump should be thoroughly washed with a detergent wash, flushed with tap water, and then double rinsed with distilled water prior to use. 

· Peristaltic pumps typically run on batteries. However, if a gas‑powered generator is used, it should be downwind of the well.

· The intake of the tubing should be lowered to the midpoint of the well screen. Alternatives to this procedure may be necessary if the drawdown from the purging operations causes the water level to fall and begin to pump air. Because of accumulated sediment at the well bottom, the intake should be at least 1 foot above the bottom of the well.

· If parameters are to be monitored continuously, it is recommended that an in-line “flow-through” cell with a multi-parameter water quality meter be used. Connect the discharge tubing from the pump to the “in” port of the flow-through cell and begin evacuating the well (make sure to have the “out” port connected to a bucket or some sort of water containment). Continuously monitor the parameters (typically pH, oxidation reduction potential (ORP or redox), dissolved oxygen (DO), turbidity, temperature, and specific conductivity) and measure the volume of groundwater being pumped. 

· After purging is complete (stabilization of parameters), disconnect the discharge tubing from the flow through cell prior to sampling. Do not collect water that has flowed through the flow-through cell. 
The advantages of using peristaltic pumps are:

· Typically less purge water to collect and dispose (if low-flow sampling)

· Relatively easy to use

· Very little disturbance of sediment; easy to achieve low turbidity samples

· Low health and safety risk (low splash possibility)

The disadvantages to using peristaltic pumps are:

· Possibly expensive, depending on tubing and pump used.

· Sampling time can be 1 hour or more per well. 
· Limited depth applicability; can pump only from depths less than 32 feet.

· Vacuum or negative pressure can potentially alter the geochemistry (VOCs, pH, alkalinity).

4.1.3 Submersible Pumps

Submersible pumps take in water and push the sample up a tube to the surface. The power sources for these pumps may be compressed gas or electricity. The operation principles vary, and the displacement of the sample can be by an inflatable bladder, sliding piston, gas bubble, or impeller. Bladder or helical rotor pumps are recommended for sampling for sensitive parameters. Bladder pumps are available for .05-inch diameter wells and larger, and these pumps can lift water up to several hundred feet. For large sampling projects, dedicated tubing is recommended, as tubing for bladder pumps is typically very expensive ($10 per foot), thus making disposable tubing not efficient. The entire pump assembly (and tubing, if applicable) should be decontaminated before purging and between wells, as described in Section 4.5.

The advantages of using submersible pumps are:

· Less purge water to collect and dispose (if low-flow sampling).

· Very little disturbance of sediment; easy to achieve low turbidity samples.

· Adjustable to very low flow rates.

· Can be used to sample wells 300 or more feet deep.

· Dedicated systems can lower costs over time.

· Low health and safety risk (low splash possibility).

· Some types (e.g., bladder pumps) can be easily disassembled for decontamination.

The disadvantages of submersible pumps are:

· Need power source or gas source, which can be hard to transport to remote well locations.

· High start-up costs; Many models of these pumps are expensive, as is the tubing.

· Sediment in water may cause clogging of the valves or eroding the impellers with some of these pumps.

· Decontamination of internal components of some types is difficult and time consuming.

4.1.4 Other Pumps

Gas‑Lift Pumps

A pressure displacement system consists of a chamber equipped with a gas inlet line, a water discharge line, and two check valves. When the chamber is lowered into the casing, water floods it from the bottom through the check valve. Once full, a gas (e.g., nitrogen or air) is forced into the top of the chamber in sufficient amounts to displace the water in the discharge tube. The check valve in the bottom prevents water from being forced back into the casing, and the upper check valve prevents water from flowing back into the chamber when the gas pressure is released. This cycle can be repeated as necessary until purging is complete. The potential for increased gas diffusion into the water (and thus loss of volatiles) makes this system unsuitable for sampling volatile organic or most pH critical parameters. This method is not recommended for groundwater sampling, but may be useful for development or evacuation of a well. 

Direct-Push Technology Groundwater Sampling 

Direct Push Technology (DPT) provides in situ groundwater samples by using a specially designed sample tool to provide a hydraulic connection with the water table. When used with a mobile laboratory, DPT groundwater sampling can be useful for such applications as relatively rapid delineation of groundwater plumes. It is also ideal for screening for contaminants. Both groundwater and floating layer hydrocarbons may be sampled using this method. 
The DPT method utilizes a sampler containing a stainless steel screen point, which is attached to the DPT rods and is inserted into the DPT borehole. When the screen is at the desired depth, the sampler is pulled back, exposing the screen to the formation. Groundwater can then be sampled used a peristaltic pump or a small diameter bailer. 
This method may be used to sample groundwater up to approximately 60 feet of soft sediments. In coarse sand, gravel, consolidated rock, or at depths greater than 60 feet, a pilot hole must be drilled prior to using this method.

The advantages of using DPT groundwater sampling techniques are:

· Low cost (relative to installing monitoring wells)

· Able to collect a relatively undisturbed in situ groundwater sample

· The relative speed with which a sample can be collected when compared to drilling, installing, developing, purging, and sampling a monitoring well

The disadvantages of using DPT groundwater sampling techniques are:

· Accurate water levels can not be obtained

· Sampling cannot be repeated if problems occur with the samples after they are collected

· Does not allow for long‑term groundwater monitoring

4.2 Well Purging Methods
Well development procedures are covered in SOP-03, “Groundwater Monitoring Well Development.”

4.2.1 Calculation of Casing Volume

To ensure that an adequate volume of water has been removed from the well prior to sampling, it is first necessary to determine the volume of standing water in the well and the volume of water in the filter pack below the well seal. The volume can be easily calculated by the following method (calculations should be entered in the field logbook):

1. Obtain all available information on well construction (e.g., location, casing, screen, depth).

2. Determine well or casing diameter.

3. Measure and record static water level using an electronic water level meter (depth below top of casing reference point).

4. Use a pre-determined total depth of the well to calculate the water column. Measuring total depth prior to sampling will disturb sediment that has accumulated at the bottom of the well, which will affect sample results. 
5. Calculate the volume of water in the casing using the following formula:

V = 7.481 ((r2h)


where:



V
=
Casing volume (gal)


r
=
Well radius (ft)


h
=
Linear feet of water in well = total well depth (ft) ‑ static water depth (ft)

Alternatively, the casing volume can be calculated by multiplying the linear feet of water in the well by the volume per linear feet taken from Attachment 1 or other similar tables. Always be sure that the units in your calculation are consistent. In the equation above, 7.481 is the conversion factor from cubic feet to gallons.

4.2.2 Calculation of Annulus Volume

Some groundwater sampling protocols require the purging of casing and annulus volumes prior to sampling. In these cases the volume of water contained in the annular space between the casing and the borehole wall is calculated by the following formula:

Va = (Cb - Cc) x (h) x (0.30)


where:


Va 
=
Volume of water in annulus (gal)


Cb
=
Borehole capacity (gal/ft)


Cc
=
Casing capacity (gal/ft)


h
=
Amount of standing water in the well or total linear height of the sand pack, whichever is less (ft)


0.30
=
Average porosity of typical sand pack

The values for Cb and Cc can be calculated by the formula (r2. The annulus volume is added to the casing volume prior to multiplying by the number of volumes to be purged.

4.2.3 Purging Requirements

The composition of the water within the well casing and in close proximity to the well is probably not representative of the overall groundwater quality in the target aquifer. This is because important environmental conditions such as the ORP may differ drastically near the well from the conditions in the surrounding water‑bearing materials. For this reason it is necessary to either purge the well until it is thoroughly flushed of standing water and contains fresh water from the aquifer, or sample from discrete intervals in the screened interval at low flow rates in order to collect undisturbed aquifer water (Puls and Barcelona, 1996). 
Full Well Purging

When full purging is required, the recommended amount of purging before sampling depends on many factors, including the characteristics of the well, the hydrogeological nature of the aquifer, the type of sampling equipment being used, the parameters that are to be analyzed, and the regulatory requirements of the project. The number of casing volumes that should be removed prior to sample collection has been a matter of debate in the groundwater community for some time. However, it is recommended that where possible, between three and five casing volumes should be purged prior to sampling. 
Low-Flow Sampling

Many groundwater scientists and regulatory departments have accepted and prioritized the use of low-flow purging and sampling of groundwater. Low-flow purging is defined as pumping rates between 0.1 and 0.5 liters per minute (L/min). Also, rather than relying on the removal of a specific volume of water prior to sample collection, physical parameters, such as pH, DO, ORP, turbidity, specific conductivity, and temperature, are collected at certain intervals (usually every 2 to 5 minutes). In order to minimize contact with the atmosphere, these parameters are typically measured using a multi-parameter meter inside a closed “flow-through” cell attached to the discharge side of a pump system. Once the parameters have stabilized, the groundwater is considered representative of the aquifer and is ready for sample collection. Determining when the parameters have stabilized, however, may differ between regulatory agencies. Per the U.S. Environmental Protection Agency (EPA) document Low-Flow (Minimal Drawdown) Ground-Water Sampling Procedures (Puls and Barcelona, 1996), the parameters are considered stabilized when three consecutive measurements are within the following constraints:

· Temperature
± 10 % 

· Conductivity
± 3 %

· pH


± 0.1 

· DO 
 
±10 %

· ORP 

±10 mV

· Turbidity 

±10 % or <10 nephelometric turbidity units (NTUs)

During purging, water levels should be monitored to ensure that drawdown does not exceed 0.1 m (0.3 ft). If the water level drop exceeds this, the flow rate should be decreased until the water level stabilizes. If water levels in low yield wells do not stabilize at flow rates near 0.1 L/min, the well should be purged to dryness once and then sampled (EPA, 1986). Samples should be collected when the well has recovered to 80 percent of its original capacity or at 24 hours from being purged to dryness, whichever comes first. At no time should the well be pumped to dryness if the recharge rate causes the formation water to vigorously cascade down the sides of the screen and cause an accelerated loss of volatiles. In this case, samples should be collected at a rate slow enough to maintain the water level at or above the top of the screen to prevent cascading.

4.2.4 Purge Water Handling and Disposal

Because of the potential for spreading environmental contamination, planning for purge water disposal is a necessary part of well monitoring. Alternatives range from releasing it on the ground (not back down the well) to full containment, treatment, and disposal. If the well is believed to be contaminated, the best practice is to contain the purge water and store it in drums labeled “purge water” or in aboveground portable storage tanks (i.e., Baker Tanks) until the water samples have been analyzed. Include the date that the waste was generated on the container. Once the contaminants are identified, appropriate treatment or disposal requirements can be determined.

4.3 Field Measurements
A variety of field measurements are commonly made during the sampling of groundwater including water level, pH, conductivity, turbidity, temperature, DO, and ORP. The accuracy, precision, and usefulness of these measurements are dependent on the proper use and care of the field instruments. Valid and useful data can only be collected if consistent practices (in accordance with recommended manufacturer’s instructions) are followed. The instruments should be handled carefully at the well site and during transportation to the field and between sampling sites.

4.3.1 Water Level

Water levels can be measured by several techniques, but the most common method is using an electronic water level meter. The proper sequence is as follows:

6. Check operation of measurement equipment aboveground. Prior to opening the well, don personal protective equipment as required.

7. Record the following information on a sampling form or in the field notebook if a form is not available:

· Well number

· Top of casing elevation

· Surface elevation, if available.

8. After opening the well, observe any pressure in the well. Allow 10-30 seconds for the water levels to equilibrate and stabilize. Repeat measurement after 30 seconds to assure the water level has stabilized.

9. Measure and record static water level and total depth (only if necessary) to the nearest 0.01 foot (0.3 cm) from the surveyed reference mark on the top edge of the inner well casing. If no reference mark is present, record in the log book where the measurement was taken (e.g., from the north side of the inner casing).

10. Record the time and day of the measurement.

Electric Water Level Indicators

These devices consist of a spool of small‑diameter cable or tape and a weighted probe attached to the end. When the probe comes in contact with the water, an electrical circuit is closed and a meter, light, and/or buzzer attached to the spool will signal the contact. For accurate readings, the probe should be lowered slowly into the well. 

Oil/Water Interface Probes

If oil or free product is encountered in the well, an oil/water interface probe can be used to measure the thickness of the product on top of the water. Most models exhibit two distinct electronic sounds for oil (usually a solid beep) and water (an intermittent beep). The most accurate method for measuring the oil/water interface is to first measure the top of the free product, then go through the product until the probe registers water, and then slowly raise the probe until a solid beep is encountered. This prevents a false thickness of product being measured, since product may stick to the probe causing the probe to read product when it really is in water. 
4.3.2 Multi-Parameter Probes
Typically, groundwater parameters such as pH, temperature, and DO are measured in a flow-through cell using a probe that measures several parameters at once. Certain sampling techniques may preclude the use of these probes, and individual probes may need to be used instead. 

Instruments should be calibrated at the beginning of every day, and if readings become suspect. Most instruments claim to hold their calibration longer than a day; if so, their calibration can be checked every morning. If the values do not match the expected numbers, the instrument should be calibrated again. The manufacturer's directions for calibration, maintenance, and use should be read and closely followed. Any problems with the functioning of the meter should be noted in the field log and reported to the office equipment manager.

4.4 Sample Collection Methods
4.4.1 Sample Containers

A complete set of sample containers should be prepared by the laboratory prior to going into the field. The laboratory should provide the proper containers with the required preservatives. The laboratory's quality assurance manual should provide a complete description of the procedures used to clean and prepare the containers. The containers should be labeled in the field with the date, well designation, project name, collectors' name, time of collection, and parameters to be analyzed. The sample containers should be kept in a cooler (at 4 degrees centigrade) until they are needed (i.e., not left in the sun during purging). One cooler should be used to store the unfilled bottles and another to store the samples.

The sample bottles should be filled in order of the volatility of the analytes so that the containers for volatile organics will be filled first, and samples that are not pH‑sensitive or subject to loss through volatilization will be collected last. A preferred collection order (EPA, 1986) is as follows:

· VOCs

· Total petroleum hydrocarbons

· Total organic halogens

· Total organic carbon

· Extractable organics (e.g., pesticides, herbicides)

· Total metals

· Dissolved metals

· Phenols

· Cyanide

· Sulfate and chloride

· Nitrate and ammonia

· Total Radionuclides

Field measurements, such as temperature, pH, and specific conductance, should be measured and recorded in the field before and after sample collection to check on the stability of the water samples over time.

4.4.2 Field Filtration for Dissolved Metals and Radionuclides
Filtering groundwater samples has been a subject of considerable debate in recent years. In many cases, samples passing a 0.45-micron filter were used to provide an indication of dissolved metals concentrations in groundwater. Puls and Barcelona (1989) report that the use of a 0.45‑micron filter was not useful, appropriate, or reproducible in providing information on metals mobility in groundwater systems, nor was it appropriate for determination of truly “dissolved” constituents in groundwater. A dual sampling approach is recommended to collect both filtered and unfiltered samples. For routine groundwater sampling field filtering should not be performed on total metal and total radionuclide samples per this Standard Operating Procedure (SOP).
Any filtration for estimates of dissolved species loads should be performed in the field with no air contact and immediate preservation and storage. In‑line pressure filtration is best with as small a filter pore size as practically possible (e.g., 0.45, 0.10 micron). Disposable, in‑line filters are recommended for convenience and avoiding cross‑contamination. The filters should be pre‑rinsed with distilled water; work by Jay (1985) showed that virtually all filters require pre‑washing to avoid sample contamination.

In the absence of filters, low-flow sampling techniques can reduce turbidity to values less than 10 NTUs.
4.4.3 Methyl Mercury “Clean Hands/Dirty Hands” Collection Method

Sample bottles may be either Teflon, which has been cleaned, tested, filled with dilute HCl, and double bagged in a laboratory clean-room, or borosilicate glass obtained from a supplier which certifies cleanliness for metals sampling (e.g., I-Chem, Series 200 or equivalent). In general, a sample kit should be obtain from the laboratory consisting of proper containers, bags, gloves, and instructions. The use of locally obtained or untested containers is strongly discouraged as they may be the source of possible contamination. At the site the bottle is filled with water sample using an abbreviated version of the “clean –hands – dirty –hands” technique described in EPA Method 1669. Bottles are sealed tightly and re-bagged using the opposite series of steps as were used to open them. Bottles are shipped to the analytical laboratory via overnight courier for preservation and analysis. 

Sample Collection

Samples should be collected only into rigorously cleaned and tested (for mercury) Teflon bottles or borosilicate glass bottles with Teflon-lined caps.

Samples are collected using rigorous ultra-clean protocols which are summarized as follows.

1.
Ideally, at least two persons wearing fresh clean-room gloves at all times are required on a sampling crew.

2.
One person (“dirty hands”) pulls a bagged bottle from the cooler and opens the outer, dirty bag, avoiding touching inside that bag.

3.
The other person (“clean hands”) reaches in, opens the inner bag (if present), and pulls out the sample bottle. “Clean hands” should not touch anything but the sample bottle, its cap, and the water being sampled.

4.
This bottle is opened and the acidified water (if present) is discarded. Under no circumstance should the bottle cap be placed on any surface while it is removed from the bottle.

Note: the sampler should be wary of disturbing the flow upstream of the sampling point. Often the insertion of the bottle into a flowing stream, or simply standing in the flow downstream of the sampling point, creates eddies (upstream flow) which can re-suspend solids near the sampling point. Entry of such re-suspended solids into samples for analysis of mercury will produce a non-representative sample and very likely increase the mercury concentration.

For Aqueous Sampling

5a.
The bottle (including its cap) is rinsed three times with the sample water, and then filled almost completely. Leaving a small headspace (e.g. 1% of bottle volume) is acceptable and provides space for subsequent acid preservation at the laboratory.

Note: If the sampler cannot directly reach the water to be sampled, a pole-type sampler may be used to fill the bottle. The pole and bottle clamp should be made of plastic and/or stainless steel and the mouth of the bottle should be held facing upstream of the pole. Again, the use of a transfer vessel should be avoided.

For Sediment Sampling

5b.
The bottle is then filled almost completely with sediment using a utensil known to be free from trace metal contamination. The sampler should ensure that the sampling site is representative of the immediate area.

6.
The cap is replaced and the bottle re-bagged in the opposite order from which it was removed.

7.
Clean-room gloves are changed between samples and whenever anything not known to be trace metal cleaned is touched.

Samples should be sent to the analytical laboratory unpreserved. The sample should be preserved as required by the method soon after arrival at the laboratory (within 48 hours). Unpreserved samples have been found stable for at least 1 week, when stored in Teflon or borosilicate glass bottles.

4.4.4 Sampling from Non-Monitoring Wells and Springs/Seeps

Municipal/Residential Wells

Residential water supply wells should be sampled in a similar manner to monitoring wells, although allowances must be made for the type of pumping equipment already installed in the well. In most cases, this will involve sampling directly from the tap on each well and before the water has gone through any chlorination or treatment system. The sampling point should be a cold‑water tap located as close to the pump as practical. Domestic supply samples should not be taken from taps delivering chlorinated, aerated, softened, or filtered water. Faucet aerators should be removed if possible before sampling. Outdoor spigots are generally preferable, since they are usually provide untreated water and are less of an intrusion into the residence. Field parameters (temperature, DO, ORP, etc.) can be measured in a flow-through cell connected via hose to an outside spigot. The water sample can be collected after parameters stabilize. For sampling, the flow rate should be set to low flow sampling rates (or approximately 0.1 L/min). If field parameter measurement is not possible, the water tap should be turned on and run for at least 30 minutes unless the water tap is directly adjacent to the well head, and then the water should be allowed to run for no less than 10 minutes before the samples are collected to flush stagnant water from the system. All sample containers should be filled with water directly from the tap and the samples processed as described for monitoring well samples. Components of the plumbing system should be noted to assist in data interpretation.

Spring and Seep Sampling

Samples from springs or seeps should be collected directly into the sample bottles without using any special sampling equipment. The sample will be collected as close as possible to where the spring emanates from the soil or rock. The sampler should always stand downstream of the spring or seep to avoid disturbing sediment or clouding the water.

4.5 Decontamination
Decontamination procedures will vary from project to project based on the regulations and project-specific Field Sampling Plan (FSP). Generally, decontamination procedure for non‑dedicated groundwater sampling equipment (bailers, pumps, water‑level probes) consists of the following steps:

11. Scrub and wash with laboratory‑grade detergent (such as Alconox™) and tap water.

12. Triple rinse with deionized water.

If equipment is highly contaminated, it may be rinsed with reagent‑grade isopropanol alcohol or methanol and allowed to air dry prior to Step 2 above. A hot water pressure washer can also be used for decontaminating sampling equipment. However, dedicated or disposable equipment is preferable since it eliminates any possible cross-contamination pathway that incomplete decontamination may cause. As with other procedures documented in this SOP, decontamination procedures may be determined by the client or regulatory agency involved in the project.

4.6 Records and Documentation
4.6.1 Sample Designation

Sample names vary from project to project, and further instructions are typically described in the project Quality Assurance Project Plan (QAPP) or FSP. Typically, the site name or an abbreviation or acronym of the site name is included along with the well identification. Blind duplicate samples should be labeled with the number of a non‑existent well, and should not include a sample time on the label. Equipment and trip blanks, collected when non‑dedicated equipment is used, may also be labeled with a fictitious well name in a similar manner to the blind duplicate samples. 

4.6.2 Sample Label

Sample containers should be labeled using waterproof ink before a sample is obtained. A sample label should be affixed to all sample containers. This label identifies the sample by documenting the sample type, sampler(s) initials, sample location, time, date, analyses requested, and preservation method. A unique sample designation as discussed above is assigned to each sample collected. This sample identification is also noted on the sample label.

4.6.3 Field Notebooks and Sampling Forms

A field notebook should be prepared prior to beginning sampling activities and should be maintained throughout the sample round. The notebook should contain pertinent information about the monitoring wells, such as depth of casing and water levels. During sampling, all the activities should be recorded on a groundwater sampling form (see Attachment 2) and/or in the field notebook. All forms used during sampling should be referenced in the field notebook. A brief description of weather conditions should also be noted as weather can sometimes affect samples. Any deviation from the sampling procedure described in the project work plan or SOP should be outlined in detail and justified in the field notebook. Specialized sampling forms can also be used to record the field measurements and other conditions observed. 
4.6.4 Chain‑of‑Custody

The COC form (see Attachment 3) should be used to record the number of samples collected and the corresponding laboratory analyses. Information included on this form consists of time and date sampled, sample number, type of sample, sampler's name, preservatives used, and any special instructions. The project QAPP will detail the procedure for completing the COC form. A separate COC form may be completed for each cooler, or copies of the completed COC may be placed in every cooler. A copy of the COC form should be retained by the sampler prior to shipment (forms with multiple carbon copies are recommended). The original COC form should accompany the sample to the laboratory and provide a paper trail to track the sample. When transferring the possession of samples, the individuals relinquishing and receiving the samples should sign, date, and note the time on the COC form. Frequent communication with the laboratory after shipment is recommended to assure proper handling and adherence to holding times.  
4.7 Sample Handling and Shipping
4.7.1 Sample Handling

The samples will be kept cool during collection and shipment with wet ice in double ZiplocTM bags (to prevent leakage). Frozen “blue ice” is not recommended. The samples should be stored in a durable, appropriately sized ice chest. The samples should be placed upright on a 1- to 3-inch layer of packing materials, such as vermiculite or bubble packaging, and kept separated, with the intervening voids filled with the packing material more than halfway to the top of the bottles or containers. The ice should be placed above and about the tops of the containers. The COC record should be sealed in a Ziplock plastic bag and affixed to the inside of the top lid of the cooler. The remaining space should be filled with packing material. The cooler should be secured by completely wrapping with strapping tape around both ends and around the lid. If there is a drain on the cooler, it should be taped shut. COC seals should be affixed across the seal between the lid and body of the cooler.

4.7.2 Shipping Instructions

All samples should be shipped overnight delivery through a reliable commercial carrier, such as FedEx. If shipment requires more than a 24‑hour period, sample holding times can be exceeded, or the samples may get warm, compromising the integrity of the sample analysis. The sampler should call the laboratory to alert them when the samples will arrive on the following day.
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Attachment 1
Monitoring Well Development/Sampling Form

Attachment 2
Groundwater Field Sampling FORM
Attachment 3
Chain-of-Custody Record

Attachment 4
Volume of Schedule 40 PVC Pipe

VOLUME OF PVC PIPE

	
	
Diameter
	Outer Diameter
	Inner Diameter
	
Volume/LF

	Schedule
	(inches)
	(inches)
	(inches)
	(gallon)

	40
	1.25
	1.660
	1.380
	0.08

	40
	2
	2.375
	2.067
	0.17

	40
	3
	3.500
	3.068
	0.38

	40
	4
	4.500
	4.026
	0.66

	40
	6
	6.625
	6.065
	1.50

	40
	8
	8.625
	7.981
	2.60

	40
	12
	12.750
	11.938
	5.82

	80
	2
	2.375
	1.939
	0.15

	80
	4
	4.500
	3.826
	0.60











[image: image1.png]% y
Basic Remediation

C OMPANY





