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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 applicable to the design and installation of permanent monitoring wells at BMI Common Areas. Details regarding design, construction, and installation of monitoring wells are provided in SOP-2, “Groundwater Monitoring Well Design and Installation.” Each monitoring well must be designed to suit the hydrogeologic setting, the type of contaminants to be monitored, the overall purpose of the monitoring program, and other site‑specific variables. Site‑specific objectives for each monitoring well and its respective intended use must be clearly defined before the monitoring system is designed. Additionally, different monitoring wells may serve different purposes and thus require different types of construction. Therefore, attention must be given during all phases of well design to clear documentation of the basis for design decisions, the details of well construction, and the materials to be used. At many sites, there is a precedence as to well slot size and filter pack materials that have been used, and the time consuming process of performing a sieve analysis is not necessary for determining well design details.

2.0 DEFINITIONS

	Absorption
	The penetration or apparent disappearance of molecules or ions of one or more substances into the interior of a solid or liquid.

	Adsorption
	A process by which atoms, ions, or molecules are assimilated to the surface of a material Ion‑exchange processes involve adsorption.

	Annular Sealant
	Material used to provide a positive seal between the borehole and the casing of the well. Annular sealants should be impermeable and resistant to chemical or physical deterioration.

	Annular Space
	The space between the borehole wall and the well casing, or the space between a casing pipe and a liner pipe.

	Aquifer
	A geologic formation, group of formations, or part of a formation that can yield water to a well or a spring.

	Backwashing
	A method of filter pack emplacement whereby the filter pack material is allowed to fall freely through the annulus while clean fresh water is simultaneously pumped down the casing.

	Bentonite
	Hydrous sodium montmorillinite mineral available in powder, granular, or pellet form. It is used to provide a tight seal between the well casing and the borehole.

	Bridging
	The development of gaps or obstructions in either grout or filter pack materials during emplacement. 

	Continuous Slot Wire‑Wound Well 
Screen
	A well intake that is made by winding and welding triangular‑shaped, cold‑rolled wire around a cylindrical array of rods. The spacing of each successive turn of wire determines the slot size of the well.

	Corrosion
	The adverse chemical alteration that reverts elemental metals back to more stable mineral compounds and that affects the physical and chemical properties of the metal.

	Filter Pack
	Sand, gravel, or glass beads that are uniform, clean, and well‑rounded that are placed in the annulus of the well between the borehole wall and the well screen to prevent formation material from entering through the well intake and to stabilize the adjacent formation.

	Grout
	A fluid mixture of neat cement and water with various additives or bentonite of a consistency that can be forced through a pipe and emplaced in the annular space between the borehole and the casing to form an impermeable seal.

	Monitoring Well
	A well that is capable of providing a groundwater level and sample representative of the zone being monitored.

	Naturally Developed 
Well
	A well construction technique whereby the natural formation materials are allowed to collapse around the well intake and fine formation materials are removed using standard development techniques.

	Neat Cement
	A mixture of Portland cement and water in the proportion of 5 to 6 gallons of clean water per bag (94 pounds) of cement.

	Piezometers
	A small‑diameter, nonpumping well used to measure the elevation of the water table or potentiometric surface.

	Sieve Analysis
	Determination of the particle‑size distribution of soil, sediment, or rock by measuring the percentage of the particles that will pass through standard sieves of various sizes.

	Slurry
	A thin mixture of liquid, especially water, and any of several finely divided substances such as cement or clay particles.

	Tremie Pipe
	A device, usually a small‑diameter pipe, which carries grouting materials or filter pack to the bottom of the borehole and that allows pressure grouting from the bottom up without introduction of appreciable air pockets.

	Well Cluster
	Two or more wells completed (screened) to different depths in a single borehole or in a series of boreholes in close proximity to each other. From these wells, water samples that are representative of different horizons within one or more aquifers can be collected.

	Well Point
	A sturdy, reinforced well screen or intake that can be installed by being driven into the ground.


3.0 RESPONSIBILITIES

The Project Manager or Task Leader (a qualified Nevada Certified Environmental Manager [C.E.M.]) selects the site‑specific monitoring well design and installation methods, with input from the site hydrogeologist and field team leader, and maintains close supervision of activities and progress.

The Site Hydrogeologist/Geologist (a qualified Nevada C.E.M.) selects the site‑specific drilling/sampling options and helps prepare technical provisions for the drilling.

The Field Team Leader implements the selected drilling program.

The Drilling Rig Geologist supervises and/or performs actual monitoring well installation.

4.0 FILTER PACK AND WELL SCREEN DESIGN

A properly designed monitoring well requires that a well screen be placed opposite the zone to be monitored and be surrounded by materials that are coarser and of greater hydraulic conductivity than the natural formation material. Naturally developed wells and wells with artificially introduced filter pack are the two basic types of well designs for unconsolidated or poorly consolidated materials.

4.1 Naturally Developed Wells
In naturally developed wells, the formation materials are allowed to collapse around the well screen. Naturally developed wells can be installed in which natural formation materials are relatively coarse grained, permeable, and of uniform grain size. It is essential that the grain‑size distribution of the formation to be monitored is accurately determined by conducting a mechanical (sieve) analysis of samples taken from the interval to be screened. After sieving, a plot of grain size versus cumulative percentage of sample retained on each sieve is made. Well screen slot sizes are based on the grain‑size distribution, specifically the effective size (the sieve size that retains 90 percent of the formation material, referred to as D10) and the uniformity coefficient (the ratio of the sieve size that retains 40 percent of the material or D60, to the effective size). A naturally developed well can be justified if the effective grain size is greater than 0.010 inch and the uniformity coefficient is greater than 3.0. The California Department of Toxic Substances Control recommends that an artificial filter pack be used if sieve analysis indicates that a screen slot size of 0.020 inches or less is required to retain 50 percent of the natural formation. The biggest drawback for naturally developed wells is the time required for well development to remove fine‑grained formation material.

4.2 Artificially Filter‑Packed Wells
Filter packs are installed to create a permeable envelope around the well screen. The use of an artificial filter pack in a fine‑grained formation material allows the screen slot size to be considerably larger than if the screen were placed in the formation material without the filter pack. The selection of the filter pack grain size should be based on the grain size of the finest layer to be screened.

Filter pack grain size and well screen slot size should be determined by the grain size distribution of the formation material. The filter pack should be designed first. It is recommended to use a filter pack grain size that is three to five times the average (D50) size of the formation materials. However, this method may be misleading in coarse, well-graded formation materials. Another way to determine filter pack grain size is to take the D30 grain size of the formation materials and multiplying it by a factor of between 3 and 6, with 3 used if the formation is fine and uniform and 6 used if the formation is coarse and nonuniform. For both methods, the uniformity coefficient of the filter pack materials should be as close to 1.0 as possible (2.5 maximum) to minimize particle size segregation during filter pack installation.

The filter pack should extend from the bottom of the well screen to approximately 2 to 5 feet above the top of the screen to account for settlement of the pack material during development and to act as a buffer between the well screen and the annular seal. A secondary filter pack (transitions sand) is sometimes used to prevent annular grout seal materials from migrating into the primary filter pack. The secondary filter pack should extend at least 1 foot above the top of the primary filter pack. It should consist of a uniformly graded fine sand with 100% passing a No. 30 U.S. Standard sieve and less than 2 percent by weight passing the 200 sieve.

Filter pack thickness must be sufficient to surround the well screen but thin enough to minimize resistance to the flow of fine‑grained formation material and water into the well during development. American Society of Testing and Materials (ASTM), Designation D 5092-90, recommends a minimum 2-inch thick filter pack between the borehole well and the well casing (ASTM, 1995).

The materials comprising the filter pack should be as chemically inert as possible. It should be comprised of clean quartz sand or glass beads. Filter pack materials usually come in 100-pound bags; these materials are washed, dried, and factory packaged.

The size of well intake openings can only be selected after the filter-pack grain size is specified. The slot size should be such that 90 percent to 100 percent of the filter-pack material is held back by the well screen.

The casing string should be installed in the center of the borehole. This will allow the filter-pack materials to evenly fill the annular space around the screen and ensure that annular seal materials fill the annular space evenly around the casing. If a hollow-stem auger or dual-tube rig is used, the auger or inner tube of the dual tube will adequately centralize the casing string. For other types of drilling, centralizers should be used to ensure the casing string is positioned in the center of the borehole. Centralizers are typically expandable stainless steel metal or plastic that attach to the outside of the casing and are adjustable along the length of the casing. Centralizers are generally attached at the bottom and immediately above the well screen and at 10‑ or 20‑foot intervals along the casing to the surface.

Methods for filter pack emplacement include: 1) gravity (free‑fall), 2) tremie pipe, 3) reverse circulation, and 4) backwashing. The latter two techniques are not commonly used for monitoring well construction, since they require the introduction into the borehole of water from a surface source.

Gravity emplacement is only possible in relatively shallow wells with an annular space of more than 2 inches, where the potential occurrence of bridging is minimized. Bridging can result in the occurrence of large unfilled voids in the filter pack or the failure of filter pack materials to reach their intended depth. Gravity emplacement may also cause filter pack gradation. Additionally, formation materials from the borehole wall can become incorporated into the filter pack, potentially contaminating it.

With the tremie emplacement method, the filter pack is poured or slurried into the annular space adjacent to the well screen through a rigid pipe, usually 1.5 inches in diameter. Initially the pipe is positioned so that its end is at the bottom of the annulus. If the filter pack is being installed in a temporarily cased borehole (hollow‑stem auger , dual‑tube percussion, or air rotary casing hammer) the temporary casing is pulled to expose the screen as the filter-pack material builds up around the well screen. In unconsolidated formations, the temporary casing should only be pulled out 1 to 2 feet at a time to prevent caving. In consolidated or well‑cemented formations or in cohesive unconsolidated formations, the temporary casing may be raised well above the bottom of the borehole prior to filter pack emplacement. For deep wells and/or nonuniform filter pack materials, the filter pack may be pressure fed through a tremie pipe with a pump. Emplacement should be continuously monitored with a weighted measuring tape accurate to the nearest 0.1 foot to determine when the filter pack has reached the desired height. After reaching the desired height, the well should be surged for 10-15 minutes, then checked for settling. Add more filter pack as necessary. Record the volume of filter pack used and check against calculated volume of annular space. Most well designs also employ a “secondary” filter pack (transition sand) above the primary filter pack for purposes of reducing bentonite seal and grout migration into the primary filter pack. If applicable, care must be taken that the filter pack materials are not installed into a hydrostratigraphic unit above or below the specific zone that is targeted for monitoring.
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