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I.  Scope
Perform all the work and provide all the materials necessary to drill, case, develop, and complete a well at the location shown on the attached map according to the construction plan.

II.  Alignment
Drilled wells shall be round, plumb, and aligned so as to permit satisfactory installation and operation of a pump of the proposed size and type to the greatest anticipated depth of setting.

III.  Casing Installation
In consolidated formations, the casing shall extend from at least 1 foot above the ground surface through the overburden material to an elevation at least 2 feet into consolidated foundation.
In unconsolidated formations, the casing shall extend from at least 1 foot above the ground to the screen.
For artesian aquifers, the casing shall be sealed into the overlaying impermeable formations so as to retain the artesian pressure.
If a water-bearing formation containing water of poor quality is penetrated, the formation shall be sealed off to prevent infiltration of poor quality water into the well and the developed aquifer.
Casing shall be installed in accordance with Colorado Water Well Construction Rules 2 CCR 402-2, Rule 10.4. 

IV.  Developing
The well shall be developed until it has stopped producing detrimental quantities of solid particles, when the continuous discharge rate is approximately 20 percent greater than the anticipated normal production rate.

V.  Protection
All wells shall be cased to a sufficient height above the ground surface, 1 foot minimum, to prevent the entry of surface and near surface water.  Wells shall have the annular space outside the casing filled with a water tight cement grout or clay having similar sealing properties from the surface to a minimum of 10 feet below the ground surface.  
The casing shall be surrounded by a 4 inch thick concrete slab extending a minimum of 2 feet in all directions from the outside of the casing.  A sanitary well seal shall be installed at the top of the well casing to prevent the entrance of contaminated water or other objectionable material.  

VI.  Materials
Gravel Pack
If gravel packing is used, it shall be graded appropriately for the gradation of the aquifer material.  The gravel pack shall be carefully placed to prevent segregation and bridging and to completely fill the annular space.  Gravel pack materials shall extend a minimum of 10 feet above the top of the perforated or screened section and shall extend through the length of the water-bearing formation.
Casing
Casing materials may be pipe made of steel, copper, plastic, fiberglass, concrete, or other similar materials of equivalent strength and durability consistent with the intended use of the water.  All surface casing shall be steel.  See Colorado Rule 10.3.1.
The well casing pipe, couplings, and screens shall be free from visible cracks, holes, foreign materials, or other injurious defects.  The well casing pipe, couplings, and screens shall be as uniform in color, density, and other physical properties as is commercially possible.
All casing wall thickness shall be adequate to prevent collapse due to hydrostatic pressures and other forces that may be applied by the formation. See Colorado Rule 10.3. 
The following minimum wall thickness shall be applicable to well casings: 
a. Steel well casing – 0.188 inches
b. PVC well casing – 0.200 inches
c. Precast concrete rings – 3.00 inches
Steel well casings shall meet or exceed requirements specified in ASTM A 589.  Steel pipe manufactured for other purposes may be used if the quality of the pipe meets or exceeds requirements specified in ASTM A 589. 
Only steel pipe casings shall be used in driven wells. 
To prevent galvanic corrosion, dissimilar metals shall not be joined in direct contact.
Plastic casings and joints made of acrylonitrile-butadiene-styrene (ABS), polyvinyl chloride (PVC), or styrene-rubber (SR) shall conform to material, dimensional and quality requirements specified in ASTM F 480. 
Plastic pipe manufactured for water or irrigation pipelines may be used if the quality equals or exceeds requirements specified in ASTM F 480.
Filament-wound fiberglass casings (glass-fiber-reinforced-thermosetting-resin pipe, RTRP) may be used if material meets requirements specified in ASTM D 2996.  Tests for long-term cyclic pressure strength, long-term static pressure strength, and short-term rupture strength as required in ASTM D 2996 are not needed because the pipe is to be used for well casing.  
Fiberglass pressure pipe, (also called reinforced plastic mortar pipe, RPMP, or fiberglass pipe with aggregate) shall meet or exceed requirements specified in ASTM D 35l7.
Markings
The well casing pipe shall be marked according to the ASTM specification for the material used.
Certification
Markings on material identifying the manufacturer and indicating compliance with appropriate specifications can be accepted as evidence that the material meets the requirement of this standard.


Maximum Allowable Hydrostatic Pressure for Selected Casing
The maximum allowable hydrostatic pressure, the critical collapse pressure, for plastic well casing is calculated using the Cleindeinst Equation in ASTM-F-480, appendix X2.  The critical collapse pressure x 2.31 gives the maximum differential head in feet of water.  This is the maximum allowable difference between the static water level and the maximum drawdown depth.  The difference between the static head and the total depth of the well can be used as a more conservative value for the maximum differential head.
 Where 


Using the SDR of the pipe it becomes:


Where
Pc = critical collapse pressure, psi
E = modulus of elasticity, psi
 = Poisson’s ratio (0.38 for PVC casing)
d = outside diameter of well casing (in.)
t = wall thickness of well casing (in.)
SDR = standard dimension ratio= d/t
Pc  x 2.31 = maximum differential head in feet of water
Table 1 gives the maximum differential head for polyvinyl chloride (PVC), acrylonitrile-butadiene-styrene (ABS), and styrene-rubber (SR) well casing pipes having different standard dimension ratios and moduli of elasticity and using a Poisson’s ratio (u) of 0.38.

Table 1.  Maximum differential head for installation for plastic (SDR-PR) pipe
	
	Material

	
	PVC
	ABS
	SR

	SDR
	Modulus of elasticity (E) x 1000

	
	400
	320
	250
	300

	
	-------------------------feet of water------------------

	13.5
	1020
	815
	635
	765

	17
	495
	395
	310
	370

	21
	255
	205
	160
	190

	26
	130
	105
	80
	100

	32.5
	65
	50
	40
	50


Table 2 gives the dimension and maximum differential head for installation for PVC Schedules 40, 80, and 120 pipe constructed of material having a modulus of elasticity equal to 400,000 lb/in.2.  The factors at the bottom of Table 2 may be used in calculating differential head limitations for ABS Schedules 40, 80, and 120 pipe and other PVC classifications.
Figure 1 can be used in determining the maximum differential head for plastic and fiberglass casing not covered by tables 1 and 2.
Table 3 gives the maximum differential head for steel casings. 


Table 2. — Dimension and maximum differential head for the installation of PVC Schedules 40, and 80, and 120 PVC plastic pipe constructed of material having a modulus of elasticity equal to 400,000 lb/in.2. 
	
	
	Schedule 40
	Schedule 80
	Schedule 120

	Nominal    dia.
	Outsidedia.
	Min. wall thickness
	SDR
	Max. dif. head
	Min. wall thickness
	SDR
	Max. dif. head
	Min. wall thickness
	SDR
	Max. dif. head

	in.
	in.
	in.
	
	ft.
	in.
	
	ft.
	in.
	
	ft.

	4
	4.500
	.237
	19.0
	340
	.337
	13.4
	1,010
	.437
	10.3
	2,330

	5
	5.563
	.258
	21.6
	230
	.375
	14.8
	740
	.500
	11.1
	1,830

	6
	6.625
	.280
	23.7
	170
	.432
	15.3
	660
	.562
	11.8
	1,510

	8
	8.625
	.322
	26.8
	120
	.500
	17.3
	450
	.718
	12.0
	1,430

	10
	10.750
	.365
	29.5
	90
	.593
	18.1
	390
	.843
	12.8
	1,160

	12
	12.750
	.406
	31.4
	74
	.687
	18.6
	360
	1.00
	12.8
	1,160


Note:  Table 2 - PVC Schedule pipe made of material having a modulus of elasticity of 400,000 lb/in.2. For PVC pipe having a modulus of elasticity of 360,000, multiply the differential head by a factor of 0.9.  For a modulus of elasticity of 320,000, use a factor of 0.8.  A factor of 0.625 may be used for ABS schedules 40, 80, and 120 pipe having a modulus of elasticity of 250,000 lb/in2.  In all cases, Poisson’s ratio, µ, equals 0.38.  Figure 1 can be used in determining the maximum differential head for plastic casings not covered by Tables 1 and 2. 



Table 3.  Maximum differential head (ft.) for steel casings

	Wall
	
	
	
	Casing size (in.)
	
	
	
	
	

	(uncoated)
	4
	5
	6
	8
	10
	12
	14
	16
	18
	24

	Thickness
	
	
	
	Outside diameter (in.) 
	
	
	
	

	(in.)
	4.500
	5.563
	6.625
	8.625
	10.750
	12.750
	14.000
	16.000
	18.000
	24.000

	3/16 (0.188)
	3,415
	2,300
	1,610
	890
	520
	330
	260
	180
	130
	60

	7/32 (0.219)
	4,430
	3,070
	2,200
	1,260
	750
	500
	390
	270
	200
	90

	1/4 (0.250)
	
	3,880
	2,840
	1,680
	1,030
	690
	550
	390
	290
	130

	9/32 (0.281)
	
	
	
	2,140
	1,350
	910
	730
	520
	390
	180

	5/16 (0.312)
	
	
	
	2,625
	1,690
	1,160
	930
	680
	510
	240

	11/32 (0.344)
	
	
	
	
	2,065
	1,445
	1,175
	860
	650
	310

	3/8 (0.375)
	
	
	
	
	
	1,970
	1,420
	1,055
	800
	390

	7/16 (0.438)
	
	
	
	
	
	
	
	1,490
	1,145
	580



Note:  The differential head limitations using the Timoshenko Elastic Formula for a Poisson's of ratio 0.30 and a modulus of elasticity of 30,000,000 lb/in2, yield strength of 35,000 psi, and a casing eccentricity of 0.01 (1%).  ASTM A-139 Grade B carbon steel casing. See NEH Part 631, Chapter 33.

VII.  Joints
Joints for well casing shall have adequate strength to carry the load due to the casing length and still be watertight or shall be mechanically supported during the installation process to maintain joint integrity.  Such mechanically supported casings shall terminate on firm material that can adequately support the casing.
Joints for plastic well casing pipe may be solvent cement, threaded, or other mechanical type coupling that meets or exceeds the requirements of ASTM F-480.  Solvent cement must meet the requirements of the ASTM specification appropriate for the material used:
ABS					D-2235
PVC					D-2564
SR					D-3122

VIII.  Appurtenances
An access port with a minimum diameter of 0.5 inch shall be installed to allow for unobstructed measurement of depth of the water surface, or for a pressure gage for measuring shut-in pressure of a flowing well.  Access ports and pressure gages or other openings in the cover shall be sealed or capped to prevent entrance of surface water or foreign material into the well.  Removable caps are acceptable as access ports.  Air release valves or vents shall be placed in the well to prevent pressure differential between the well and the atmosphere. 

IX.  Construction Operations
Construction operations shall be done in such a manner that erosion and air and water pollution are minimized and held within legal limits.  The owner, operator, contractor or other persons will conduct all work and operations in accordance with proper safety codes for the type of construction being performed with due regards to the safety of all persons and property.
The completed job shall be workmanlike and present a good appearance.
Figure 1. - Maximum differential head for installation for plastic (SDR-PR) pipe.
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