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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

The goal of monitoring well development is to remove fines and drilling fluid residue from the gravel pack and the natural formation in the vicinity of the screened interval, thus assuring good communication between the aquifer and the well. Well development assures that a sample collected will be a true representative of the quality of water moving through the formation.

The well development process is composed of the following: 

· The application of sufficient energy in a monitoring well to create groundwater flow reversals (surging) in and out of the well and the gravel pack to release and draw fines into the well

· Pumping or bailing to draw drilling fluids out of the borehole and adjacent natural formation, along with fines that have been surged into the well.
2.0 DEFINITIONS

Fines
Silt, clay, fine sand.

Parameters
Groundwater variables (i.e., pH, specific conductivity, temperature, turbidity).

Annulus
The gap between the well and borehole where the sand, seal, and grout are installed.

Saturated Annulus
The portion of the annulus that is below the aquifer.

Drilling Fluid
Any fluid the driller may have added during the drilling of the borehole.

Purge Water 
Any water removed from the well via bailing, pumping, or airlift.

Drawdown
Distance between the static water level and water level while the well is being pumped or bailed at a constant rate.

Bridge
A wedge or buildup of sand that occurs when the driller is pouring the sand pack around the screened interval, thus leaving a gap or "open zone" where the natural formation could possibly clog the screen.

Yield
The rate at which a well will produce water.

3.0 RESPONSIBILITIES

The Project Manager or Task Leader (a qualified Nevada Certified Environmental Manager [C.E.M.]) will select the site‑specific development methods, with input from the site geologist or hydrogeologist and Field Team Leader, and will maintain close supervision of the activities and progress.

The Field Team Leader/Geologist implements the selected development program and assists in the selection of development methods.

The Field Technician/Staff carries out the actual well development.

4.0 WELL DEVELOPMENT

4.1 General
The following general guidelines are applicable to well development regardless of method. 

4.1.1 Decontamination

Every effort must be made to avoid outside contamination and the cross-contamination of monitoring wells. This can best be done by ensuring that all equipment to be introduced into a well is clean. The level of effort for decontamination is a site‑ and project‑specific issue to be resolved individually for each project.

4.1.2 Documentation

A critical part of monitoring well development is recording significant details and events in either a field logbook or on a well development log (Attachment 1). It is important that the following details be documented.

· Well identification number

· Installation date

· Date and time of development

· Quantity of drilling fluid lost during well installation

· All photoionization detector (PID) readings (Note: see SOP-39 for additional information on PID principles and procedures.)
· Measured well depth (pre‑development and post‑development)

· Water level

· Height of water column

· Pumping rate and water level drawdown (if applicable)

· Recharge rate (poor, good, excellent)

· Periodic parameter readings 

· Sample observations

· Type of equipment used

· Total amount of water removed

· Completion time

4.1.3 Calculating Purge Volume

The minimum number of gallons to be removed must be calculated before the development process begins.

Information needed to calculate purge volume:

· Total depth of well (TD)

· Measured static water level (WL)

· Screen length (SL)

· Well casing inner diameter (ID)

· Borehole Diameter (BD)

· Number of gallons of water used during well drilling/construction

· Number of feet of filter pack installed above the screen, if the standing water column (SWC) is longer then the screen length 

To calculate one well volume:

· Calculate the standing water column (SWC). TD - WL = SWC.

· Use a well volume chart (Attachment 2) to find a multiplier in the volume per linear foot column that coincides with the well’s ID. 

· SWC times ID multiplier equals gallons of water in one well volume 

To calculate one annulus volume (two options):

Option 1 (if the SWC is shorter than the screen length):

· Portion of saturated annulus equals SWC

· Use a volume chart to find a multiplier in the volume per linear foot column that coincides with the well’s BD

· BD multiplier minus ID multiplier equals annulus multiplier

· Feet of saturated annulus times annulus multiplier times 30 percent (assumed porosity) equals gallons of water in one annulus volume

Option 2 (if the SWC is longer than the screen length):

· Portion of saturated annulus is equal to the screen length plus the number of feet of sand above the top of the screen

· Use a volume chart to find a multiplier in the volume per linear foot column that coincides with the well’s BD

· BD multiplier minus ID multiplier equals annulus multiplier

· Feet of saturated annulus times annulus multiplier times 30 percent (assumed porosity) equals gallons of water in one annulus volume

To calculate the minimum gallons to be removed:

· Well volume plus annulus volume plus number of gallons lost during well drilling/construction equals one purge volume

Example for the Development of a 4‑inch Well

The Well Construction Log notes that the borehole diameter is 10.25 inches, the screen is 15 feet long, and the driller used 75 gallons of water during well construction. Measured with a water level indicator, the static water level is 59.45 feet. Measured with a well tagger, the well depth is 71.21 feet. 

Record in logbook,
TD = 71.25 feet 


WL = 59.45 feet

TD - WL = SWC

Logbook, SWC = 11.8 feet

From Chart 1 (Attachment 2), the gallons per linear foot multiplier for a 4‑inch well is 0.66. Thus, 11.8 × 0.66 = 7.79 (gallons of water in one well volume).

Logbook, one well volume = 7.79 gallons
From Chart 2 (Attachment 2), the gallons per linear foot for a 10.25‑inch borehole is 4.29. Therefore, 4.29 (BD multiplier) minus 0.66 (ID multiplier) equals 3.63 (annulus multiplier). Thus, 11.8 × 3.63 × 30 percent = 12.89 (gallons of water in one annulus volume).

Logbook, 
one annulus volume = 12.89 gallons

drilling fluid lost = 75 gallons
7.79 (one well volume) plus 12.89 (one annulus volume) plus 75 (fluid lost) equals 95.7 gallons (one purge volume). The work plan states that a minimum of three well volumes must be removed during development. Additional water may need to be purged to allow the parameters to stabilize and the water to clear up.

Logbook, one purge volume = 95.7 gallons
95.7 × 3 = 287 (minimum number of gallons to be purged).

Logbook, minimum gallons to be purged = 287 gallons
4.2 Development Methods
4.2.1 Bailing, Surging, and Pumping 

In relatively clean, permeable formations where water flows freely into the borehole, bailing, surging, and pumping is an effective development technique. The bottom of the well is first tagged to measure the amount of sand and silt before and after surging. Then a bailer (Figure 1) is lowered into the well to clean out any fines that have settled on the bottom. Then a surge block (Figure 2), approximately the same diameter as the well casing, is used to agitate the water, causing it to move in and out of the screen, which draws in fines from the gravel pack and surrounding formation, and breaks up any bridges that may have formed during the placement of the gravel pack. After surging for a few minutes (depending on the height of the water column and length of screen), the bailer is again lowered to clean out any fines that were drawn into the casing as a result of surging. This surge/bail technique should continue until minimal fines are being pulled out with the bailer. A submersible pump (Figure 3) is then lowered down the well. Pumping should begin at the top of the saturated portion of the screened interval to prevent sand locking. The pump should be lowered at intervals of five feet or less until the pump is resting approximately one foot from the bottom of the casing. The water level must be monitored continuously during the first few minutes of pumping to prevent drawing the water level below the pump intake and breaking the suction. If possible, the discharge flow rate should be increased until the well is pumping at its maximum yield without a drawdown beneath the pump. 
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Figure 1
Bottom Discharge Bailer
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Figure 2
Surge Block
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Figure 3
Submersible Pump

4.2.2 Overpumping and Backwashing

Wells may be developed by overpumping (pumping or bailing the well at a rate that exceeds the ability of the formation to deliver water) and then reversing the flow direction (backwashing) so that the water is passing from the well into the gravel pack and formation. This back and forth movement of water through the well screen and gravel pack removes fines from the formation immediately adjacent to the well, while preventing bridging (wedging) of sand grains. Backwashing can be accomplished by several methods including pouring water into the well and then bailing, or forcing water into the well under pressure through a water‑tight fitting. Care should be taken when backwashing not to apply too much pressure, which could damage or destroy the well screen. Where no backflow prevention valve is installed, a pump can be alternately started and stopped. This starting and stopping allows the column of water that is initially picked up by the pump to be alternately dropped and raised in a surging action. This surge tends to loosen the bridging of the fine particles, drawing them into the well where they are pumped out. 

4.2.3 Compressed Air

Compressed air can be used to develop a well by either backwashing or surging. Backwashing forces water out through the screens, using increasing air pressure inside a sealed well, then releases the pressurized air to allow the water to flow back into the well. Care should be taken when using this method so that the water level does not drop below the top of the screen, thus reducing well yield. Surging, or the "open well" method, consists of alternately releasing large volumes of air into an open well below the water level to produce a strong surge by virtue of the resistance of water head, friction, and inertia. The well is subsequently pumped using the air lift method. 

4.2.4 Developing Wells with Floating Product

It is important to disturb the formation as little as possible in wells that contain floating product. Surge blocks should not be used as they may smear the screen and the casing when the block is being withdrawn, potentially leaving evidence of product and increasing the risk of faulty data. Product wells should be developed using a bail/pump method. A bailer should be lowered gently into the well, without agitating the water column, to remove any fines that have settled on the bottom. If the well produces sufficient water, a pump is lowered into the well and pumping started at a slow flow rate. The product/water level is manually monitored constantly for the first few minutes to prevent the product level from coming within 2 feet of the pump intake. Pumping is continued until at least the quantity of drilling fluid lost has been purged, the parameters have stabilized, and the discharge water is visibly clear.

4.2.5 Developing Wells in Tight Formations

Developing low‑yield wells is a very lengthy process; the amount of time spent developing a low yield well is project‑specific and should be resolved individually for each project. For wells installed in clay or fine‑grained silt, the method of development should be bailing only. Surging of such wells has been found to substantially increase the turbidity of the water and does not significantly improve hydraulic well response. These wells should be bailed dry and a record kept of the time it takes for the well to recharge 80 percent.

Attachment 1

Monitoring Well Development/Sampling Form
 Attachment 2

Volume Charts

Chart 1 — Volume of PVC Casing

	Schedule
	Diameter
(inches)
	OD
(inches)
	ID
(inches)
	Volume/LF
(gallons)

	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

	80
	5
	
	
	0.00


Chart 2 — Volume of Open Borehole and Annulus Between Casing and Hole
	Hole Diameter
	Volume/Linear Feet of Hole
	Nominal Casing Diameter
	4.2.5.1 Volume/Linear Feet of Annulus

	(inches)
	(gallons)
	(cubic feet)
	(inches)
	(gallons)
	(cubic feet)

	7.25
	2.14
	0.29
	1.3
	2.08
	0.28

	7.25
	2.14
	0.29
	2.0
	1.98
	0.26

	7.75
	2.45
	0.33
	2.0
	2.29
	0.31

	8.25
	2.78
	0.37
	2.0
	2.61
	0.35

	10.25
	4.29
	0.57
	2.0
	4.12
	0.55

	8.25
	2.78
	0.37
	3.0
	2.41
	0.32

	10.25
	4.29
	0.57
	3.0
	3.92
	0.52

	12.25
	6.12
	0.82
	3.0
	5.76
	0.77

	8.25
	2.78
	0.37
	4.0
	2.12
	0.28

	10.25
	4.29
	0.57
	4.0
	3.63
	0.49

	12.25
	6.12
	0.82
	4.0
	5.47
	0.73

	12.25
	6.12
	0.82
	6.0
	4.65
	0.62
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