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1. GENERAL 
 
This document is available online at http://www.aed.usace.army.mil/Design.asp .  Its 
purpose is to provide an overview of the information needed by Contractors to design and 
construct wells for the Afghanistan Engineering District (AED).  Even under the best of 
conditions, building a successful well requires many scientific disciplines, access to 
supplies and equipment, experienced personnel, and a bit of luck.  Building wells in 
Afghanistan necessarily requires some unique approaches and simplifications. 
 
The document is organized in the following manner.  The main body of the document 
provides information, concepts and guidelines related to site planning, design processes 
and construction methods.  Appendix A provides information on acceptable and 
unacceptable construction techniques and materials used on AED projects.  Photographs 
are provided to help Contractors understand what AED will and will not accept during a 
well construction project.  Appendix B contains procedures on well screen and filter pack 
design when depth-dependent gradation curves are available.  Appendix C provides 
information to be used when sizing and selecting pumps for wells on AED projects.  
Appendix D includes the actual textbook pages for selected references.  Appendix E 
contains the Water Well Summary Sheet and instructions. 
 
The primary goal is to find a suitable water supply at the shallowest depth.  In most 
cases, this will be an alluvial or unconsolidated aquifer.  Fractured bedrock wells 
represent a high-cost, high-risk exploration target.  To facilitate the goal of finding 
shallowest water, AED has structured the payment schedule to create a financial 
incentive for finding the shallowest water, and a financial disincentive for finding the 
deepest water. 
 
Wells must extend at least 40 meters below the static (non-pumping) water level (except in 
areas where salinity or total dissolved solids concentrations increase with depth) and must 
not extend deeper than 120 meters without modification to the contract.  The contract will 
only be modified when AED is convinced that the shallow, unconsolidated aquifer was 
thoroughly and accurately tested for both water quantity and quality. 
 
The Contractor will be paid based upon contract requirements and specifications.  The 
standard contract requirement is a lump-sum depth of 120m.  If a contractor constructs an 
acceptable production well at a shallower depth than specified in the contract, he will still 
be paid the full lump-sum amount.   
 
All drilling and well construction materials will be on site before drilling commences.  
This may require that some materials be supplied in quantities so that design and 
placement decisions can be made in the field.  These supplies include, but are not limited 
to, drilling mud, casing, well screen, and filter packing.  AED has experienced problems 
with wells constructed over the past few years.  One of the common problems has been 
with PVC well screens; therefore we now require stainless-steel screens.   
 
 

http://www.aed.usace.army.mil/Design.asp
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Water quantity requirements including the design population, usage per capita, capacity 
factor and pumping day will be specified in the 1010 and 1015 documents.  Nevertheless, 
it is understood that despite the best efforts of the contractor, adequate water may not be  
found.  Well reports will be required as explained in this document.  All submissions 
should identify the site by coordinates.   
 
It is an AED requirement that a qualified Geologist or Hydrogeologist be present on the 
drilling rig for all phases of drilling.  This Geologist must have at least 3 years experience 
in soil and rock logging, and water-supply well installation.  Qualifications of the 
Geologist will be available for AED approval.  Duties of the Geologist will include, but 
are not limited to the following: 

 
• Ensure that the Driller’s Log is completed. 
• Preparation of the Geologic Log (lithologic descriptions from rock samples or chips). 
• Determination of the water table (first water). 
• Ensure proper configuration of test well. 
• Conduct the pumping tests and report preparation. 
• Preparation of the Final Well Design Proposal. 
• Supervise the construction, development, and disinfection of the permanent well. 
• Perform the final performance testing of the permanent well. 
• Prepare the Water Well Summary Sheet (Appendix E) 
• Prepare the Final Well Completion Report. 
 
2. WELL CONSTRUCTION SEQUENCING 
 
The sequence to be followed for AED well construction projects is as follows.  Details 
about each of these steps are found in subsequent sections. 
 
Section 3.0   Required Reporting 
Section 4.0   Select Well Site 
Section 5.0  Drill Well Borehole 
Section 6.0  Preliminary Well Testing 
Section 7.0  Propose Final Well Design 
Section 8.0  Receive AED Approval 
Section 9.0  Construct Permanent Well 
Section 10.0  Develop and Disinfect Well 
Section 11.0  Test Well Performance 
Section 12.0  Submit Final Well Completion Report 

 
3. REQUIRED REPORTING 
 
Contractor must construct water well(s) as specified in the contract to provide sufficient 
supply for the population of the facility.  The well construction and water well capacity 
shall be based on the allowable safe yield of the new well, determined by a well pumping 
test as described in the following sections.  The contractor will provide documentation for 
approval at the planning and design stages.   The Contractor shall submit all required 
information listed below and take the following steps: 
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1. Well Test and Construction  Plan – Prepare and submit a customized Well Test and 
Construction  Plan PRIOR to any well drilling activities and include procedures for 
decommissioning dry wells in the event water is not encountered. 

2. Approval of Well Test and Construction Plan – Obtain approval of the Well Test 
and Construction  Plan before starting to drill.  

3. Well Drilling – After government approves the Well Test and Construction Plan, 
drill a test well. 

4. Pumping Test – Conduct step-drawdown test to determine yields.  
5. Water Quality Test – Sample and test the quality of water in the test well. 
6. Well Design – Design a permanent well, based upon lithologic and groundwater 

data of test well. 
7. Water Well Test and Permanent Well Design Report – Provide water-quality lab 

results, pumping-test results, driller’s log, lithologic log, and a well construction 
design for approval PRIOR to the start of final well construction. 

8. Government Approval – Final well construction cannot start until government 
approves the Water Well Test Report and Permanent Well Design with proposed 
construction details. 

9. Well Construction – Build final well in accordance with approved well construction 
details and contract specifications.  The final well construction details must be 
provided in the post-construction as-builts.  

10. As Builts – The completed well including lithology should be part of the As-Built 
Drawings. 

 
3.1  WELL TEST AND CONSTRUCTION PLAN 
The Contractor shall submit a site-specific Well Test and Construction Plan PRIOR to any 
well drilling activities for each well.  The plan will include coordinates for the well. The 
plan will also plan for decommissioning a dry well in the event water is not encountered.  
After approval of the well construction and test plan by the government, site mobilization 
can proceed.  One plan per site will be required if more than one well of the approximate 
same depth is planned for the same site, the contractor will be reimbursed for one plan. 
 
3.2  WATER QUALITY TESTING AND REPORTING 
The Contractor shall drill the wells in an attempt to find potable water meeting all World 
Health Organization (WHO) water quality requirements.  Upon completion of drilling of 
the well borehole and testing of the well, the contractor must conduct water quality 
sampling of the water in the well and analytical testing must be conducted by an approved 
analytical laboratory.  Analytical testing must be conducted on each well drilled.  The 
results of the testing must be provided to the Government and final well construction 
cannot be started without review and approval of the water quality test results. If water 
cannot be found meeting WHO standards, the Contractor shall immediately notify the 
Contracting Officer’s Representative (COR). 
 
3.3  TEST RESULTS AND PERMANENT WELL DESIGN REPORT 
Contractor must provide well pumping test results, drillers log, lithology log, and submit a 
well construction design for approval PRIOR to the start of final well construction (submit 
prior to installing any features of the well that cannot be removed without destruction of 
the well).  This information is required for each well drilled under AED contract.  The 
contractor must design a permanent well based upon initial testing of well based upon 
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lithology, groundwater data, pumping test(s), and recovery test(s) (Capacity test of well 
yield).   Final well construction cannot start until government approval of Water Well Test 
and Permanent Well Design Report with proposed final construction details.  Upon 
approval of the design and report by the Government, the contractor shall build final well 
in accordance with approved well construction detail and contract specifications.  The final 
well construction details must be provided in the post-construction as-builts.  
 
3.4  AS-BUILT DRAWINGS 
The As-Built drawings item shall consist of all labor, equipment and supplies required to 
produce as-build drawings of the constructed well and appurtenances.  This will include the 
Water Well Summary Sheet.   
 

4. SELECT WELL SITE  
 
If the well location is not specified in the contract, the contractor may be required to 
select a location for the well.  Prior to selecting the well location, a thorough survey 
of the area should be undertaken. The following information should be obtained and 
considered: 
 
• Local hydrogeology such as terrain, soil type, depth, and thickness of water 

bearing zone. 
• Location of nearby karezes (qanats) and wells, both drilled and hand dug, 

particularly those that may limit the well yield or be impacted by the new 
well.Location, construction, and disposal practices of nearby sewage and 
industrial facilities. 

• Locations of sewers, septic tanks, cesspools, leach fields, pastures and irrigated 
fields. 

• Chemical and bacteriological quality of ground water, especially the quality of 
water from nearby wells. 

• Histories of water, oil, and gas well exploration and development in area. 
• Location and operating practices of nearby industrial and municipal landfills and 

dumps. 
• Direction and rate of travel of ground water if studies have been conducted. 
 
The existing facilities such as building structures, utilities, walks, trees, etc., shall be 
protected from damage during construction of the wells, and if damaged, shall be 
repaired by the Contractor at his expense. Water pumped from the well shall be 
conveyed via piping to a place where it will not damage property or create a nuisance. 
 
Recommended minimum distances for well sites from commonly encountered potential 
sources of pollution are shown in Table 1.  It is emphasized that these are minimum 
distances which can serve as rough guides for locating a well from a potential source of 
groundwater contamination. The distance may be greater, depending on the geology of the 
area.  In general, very fine sand and silt filter contaminants in groundwater better than 
limestone, fractured rock, coarse sand and gravel. Chemical contaminants may persist 
indefinitely in untreated groundwater.  If at all possible, a well should be located up-
gradient of any known nearby or potential sources of contamination. 
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Table 1.  Minimum Distance from Pollution Sources. 

 

Source Minimum Horizontal Distance 

Building Sewer 15m (50ft) 

Disposal Field / Septic Tank 30m (100ft) 

Seepage Pit 30m (100ft) 

Dry Well, Abandoned Well 15m (50ft) 

Cesspool / Leaching Pits 45m (150ft) 

Note:  The above minimum horizontal distances apply to wells at all depths.  Greater 
distances are recommended when feasible.   

 

 
Well-site planning should also consider the proximity to existing wells both on the 
project site and in the local community.  Distance must be a minimum of 60m from an active 
well.  A full discussion on the mathematics of well hydraulics is beyond the purview of 
this document; however, Section 11, Multi-Well Fields, shows a simplified method of 
estimating the radius of influence for an unconfined aquifer at steady state. 
 
The Driller shall take all necessary precautions during construction to prevent 
contaminated water, gasoline or other contaminated materials from entering the well either 
through the opening or by seepage through the ground surface.  The Driller shall exercise 
extreme care in performance of his work in order to prevent the breakdown or caving of 
the strata overlying that from which the water is to be drawn. 
 
5. DRILL WELL BOREHOLE 
 
After the Government approves the Well Construction and Testing Plan, the contractor 
shall drill the well borehole, collect lithologic and aquifer data, install temporary casing 
and screen, conduct pumping tests, and collect and analyze groundwater samples for 
laboratory analysis.   The borehole shall be drilled, using minimum borehole diameter and 
depth specifications listed in the contract, into the water bearing stratum or bedrock.  These 
tests must be completed before permanent well construction.  This well shall be located as 
shown on the drawings, or where directed by the Contracting Officer (CO) or his 
representative (COR). 
 
A GPS instrument will be used to determine the geographic coordinates of the well.  This  
information shall meet requirements of the World Geodetic System 1984 (WGS 84 and 
the correct UTM Zone – 41, 42, or 43) in decimal degrees.  The test hole shall be used to 
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determine the location and character of the water-bearing strata and to obtain samples of 
the various formations.  Samples of drilling cuttings shall be taken at every change of 
strata and at depth intervals not to exceed 1.5 meters.  A driller's log shall be made based  
on the cuttings obtained. The drill cuttings shall be divided, put into suitable containers 
and labeled.  These samples shall be approximately half a liter each.  If the test hole fails 
to indicate the presence of water-bearing strata or is abandoned for any other reason, the 
test hole shall be plugged in conformance to UFGS-33 20 00 (April, 2008) Section 1.3.2.  
At the completion of the test hole, a drillers log shall be prepared containing the following 
information: 
 
• Depth of water strata 
• Depth of different material strata contacts 
• Color, size, and soil description of cuttings 
• Penetration rate (meters per day) 
• Types and amount of drilling fluid gain or loss 
• Type schedule and length of well casing 
 
AED requires that the alluvial or unconsolidated zone be thoroughly tested for water 
before bedrock drilling can commence.  Results of this testing will be documented in the 
Final Well Design Report.  Failure to prove that the unconsolidated aquifer was tested for 
water will result in no modifications for drilling deeper than the depth stipulated in the 
contract. This provides a financial incentive to thoroughly test the water bearing 
characteristics of the alluvial or unconsolidated zone. 

 
6. PRELIMINARY WELL TESTING 
6.1  PUMPING TESTS 
To determine the expected yield from the well and to assure acceptable water quality, a 
pumping test shall be performed in the candidate test well.  Three types of tests can be 
performed. 
 

1)  Step-drawdown Test.  This 3-step test measures the non-steady state drawdown 
curves which result from increasing the pumping rates at 75%, 100% and 150% of 
the design flow.  Each pumping step will be allowed to continue to steady state 
before proceeding to the next step.  This test establishes the maximum pumping rate 
that is sustainable by this well, and is required for every test well.  These data can 
also be used to calculate Specific Capacity. 

 
2)  Specific Capacity Test.  This is the simplest of the three tests and measures the 

productivity of a well.  It is defined by discharge divided by drawdown at steady-
state conditions.  This test is required only if a Step-drawdown test was not feasible. 

 
3)  Pumping test.  This test measures the hydraulic conductivity or transmissivity of 

the aquifer and is required for major municipal supply wells, or in areas where 
well- interference is suspected.  This test requires at least one observation well and 
may require long pumping times in order to effectively stress the aquifer.  Please 
refer to Driscoll (1986, page 534) for detailed information on collecting and 
analyzing pumping test data. 
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A temporary casing and screen may be used to construct the test well for execution of a 3 
phase step-drawdown test.  The 3 phase step-drawdown test shall test the well at 75%, 
100% and 150% of the design flow required for the well.  A temporary pump with the 
capacity to pump at the rates may be used for this test.  The static water level in the well 
will be measured prior to installing the pump and the water level at the end of the pumping 
period will be measured.  The temporary casing shall be a minimum diameter of 150mm 
and extend to the top of the water bearing strata being tested in unconsolidated formations.  
The Contractor shall not let pumped water infiltrate near the pumping test.  Doing so 
invalidates the required assumptions and invalidates the test.  After completion of the test 
well, all data pertaining to the construction of the well shall be reported as described in 
Section 3.3. 
 
6.2  WATER QUALITY TESTING 
Water quality must also be established in the test well.  During the testing of the test well 
and again during the yield and drawdown test in the permanent well, the Contractor shall 
schedule to obtain a preliminary sample of the water in suitable containers and of 
sufficient quantity to have bacterial, physical and chemical analyses made.  The word 
"potable" for purpose of this contract is further defined as water that is suitable for 
drinking by the public, i.e., good, clear water -- free from objectionable amounts of 
harmful bacteria and with acceptable chemical and physical properties.  Sampling shall be 
performed by qualified personnel who must obtain sampling kits and obtain the samples as 
directed.  The coordination with the COR for the sampling and analysis should start at the 
beginning of the contractual period. 
 

 
As a goal, AED suggests water quality testing contained in the U.S. Department of 
Defense drinking water standards (see DOD TB MED 577, 2005, UFC 3 230 08a Water 
Supply Water Treatment, January 2004, and TM 5-813-3/AFM 88-10, Vol. 3).  Another 
goal is that wells supplying water to Afghanistan installations will meet the World 
Health Organization drinking water standards (WHO, 2006).  In certain cases, some of 
these goals may not be feasible.  At a minimum, the parameters shown in Table 2 will be 
tested. 
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Table 2. Water Quality Testing Parameters 
 

Physical and Biological Characteristics: Chemical Characteristics (Expressed as mg/L): 
• Turbidity • Arsenic 
• Conductivity • Chromium +6

 

• Total Dissolved Solids • Lead 
• pH • Cadmium 
• Total/fecal coliform • Selenium 
• Total Hardness (as CaCO3) • Copper 
       • Silica 
 • Sodium 
 • Potassium 
 • Magnesium 
 • Fluoride as F 
 • Manganese as Mn (Dissolved and total) 
 • Iron as Fe (Dissolved and total) 

 • Sulphates as SO4 

 • Chlorides as Cl 
 • Nitrites as NO2 

 • Nitrates as NO3 

 • Ammonia 
 • Bicarbonate 
 • Carbonate 
 
 
7. PROPOSE FINAL WELL DESIGN 
 
Test wells and permanent wells should be at least 40 meters below the static water table, 
unless groundwater quality decreases with depth or site conditions dictate otherwise.  The 
pump, at actual capacity, should have a minimum of four meters of submergence at the 
lowest drawdown depth reached during the pumping tests described later in this guide.  
Well screens shall have a minimum of four meters submergence at the lowest drawdown 
depth occurring during well testing.  Permanent wells shall not operate with any portion of 
the well screen above the lowest drawdown level. 
 

Well design methods and construction techniques are different for water wells constructed 
in consolidated vs. unconsolidated formations.  Typically, wells constructed in an 
unconsolidated formation require a screen to line the lower portion of the borehole. An 
artificial gravel pack will be required.  A diagrammatic section of a gravel-packed well is 
shown in Figure 1.  Wells constructed in sandstone, limestone or other fractured rock 
formations can often utilize an uncased borehole in the aquifer, and do not normally 
require screens or gravel pack.  A well in bedrock is shown in Figure 2.  The contents of 
the Final Well Design Proposal are outlined in Section 8.0. 
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Figure 1.  Diagrammatic Section of Gravel-Packed Well 
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Figure 2. Well in Bedrock  
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7.1  WELL CASING 
 
7.1.1  SURFACE CASING. Steel surface casing shall be used at the driller’s discretion.  This 
casing may be left in place or removed at the option of the driller.  Steel casing should be 
driven 0.50 m into bedrock and cemented in place for its full depth, if it is to be left in place.  
All well surface casing shall be extended 0.5 meters above grade. 
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7.1.2  WELL CASING DIAMETER.  The inside diameter for well casings shall be selected based on 
information provided in Table 3.  The minimum diameter for any well casing shall be 150mm (6 
in).  Larger diameters shall be installed based on required well yield and the potential for future 
expansion.  The diameter of a well has a significant effect on the well's construction cost.  The 
diameter shall be uniform from top to bottom. In rare circumstances, construction may be initiated 
with a certain diameter casing, but drilling conditions may make it desirable to reduce the casing 
size at some depth.  However, the diameter must be large enough to accommodate the pump.  In 
addition, the diameter of the intake section must be sufficient to assure that the upward 
velocity of the flow in the pump discharge pipe is 1.5 m/sec or less.  The well shall be constructed 
to be straight and plumb.  Other factors that control diameter are (1) yield of the well, 2) screen 
intake entrance velocity, and (3) construction method.  The pump size, which is related to yield, 
usually dominates.  
 
Approximate well diameters for various yields are shown in Table 3.  Well diameter affects well 
yield but not to a major degree. Doubling the diameter of the well diameter will produce only 
about 10 to15 percent more water.  Table 4 gives the theoretical changes in yield that result from 
changing from one well diameter to a new well diameter.  For artesian wells, the yield increase 
resulting from diameter doubling is generally less than 10 percent.  Consideration should be given 
to future expansion and installation of a larger pump.  This may be likely in cases where the 
capacity of the aquifer material (such as coarse-grained gravels and unconsolidated conglomerate) 
is greater than well yield required for the current project. 
 
The values in Table 4 are valid only for wells in unconfined aquifers (water table wells) and are 
based on the following equation: 
 

Y2/Y1=(log R/r1)/(log R/r2) Eq. 1 
 
Where: 

 

 
Y2=yield of new well 
Y1=yield of original well 
R=Radius of cone of depression (mm) 
r2=diameter of new well (mm) 
r1=diameter of original well (mm) 
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Table 3. Well Diameter vs. Expected Yield  
 (In SI and U.S. Customary Units)   

 
  Expected 
Well Yield 

Nominal  Size  o f 
Pump Bowls 

Optimum Size 
of Well Casing 

Smallest Size  
Well Casing 

    
(l p m) (mm) (mm) (mm) 

    
<380 100 150  I D 125  I D 

285-660 125 200  I D 150  I D 
570-1515 150 250  I D 200  I D 

1325-2460 200 300  I D 250  I D 
2270-3400 250 350  OD 300  I D 
3200-4900 300 400  OD 350  OD 
4550-6800 350 500  OD 400  OD 

6050-11400 400 600  OD 500  OD 
    

(gpm) (i n ) (i n ) (i n ) 
    

<100 4 6 I D 5 I D 
75-175 5 8 I D 6 I D 

150-400 6 10 I D 8 I D 
350-650 8 12 I D 10 I D 
600-900 10 14 OD 12 I D 

850-1300 12 16 OD 14 OD 
1200-1800 14 20 OD 16 OD 
1600-3000 16 24 OD 20 OD 
3000-6000 20 30 OD 24 OD 

Note: If provided, contract section 01015 technical requirements  
shall supersede the minimum diameters suggested in this table. 

 
 
 

Table 4.  Change in Yield for Variation in Well Diameter 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note: The above gives the theoretical increase or decrease in yield that result from 
changing the original well diameter to the new well diameter. For example, if a 
300 mm well is enlarged to a 900mm well, the yield will be increased by 19 
percent. 
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7.2  WELL AND CASING DEPTH.  Depth of a well is usually determined from the logs of 
test holes or from logs of other nearby wells that utilize the same aquifer.  However for contract 
purposes, a minimum depth is usually specified in either the contract 01015 (Technical 
Requirements) or in the water well guide specification.  A well that is screened the full length of 
the water bearing stratum has a potential for greater discharge than a unit that is not fully 
screened. Where the water-bearing formations are thick, cost may be the deciding factor in how 
deep the wells are installed. Cost, however, is normally balanced by the savings from a 
potentially long-term source of water.  Well casing should not be founded on bedrock, since the 
weight of the casing and any other loads transferred to the casing from the construction features 
may exceed the buckling strength of the casing.  The wall friction of the casing after sealing, 
grouting and well gravel packing should be designed to bear the vertical load on the casing. 
 
7.3  CASING MATERIAL. The allowable casing material is steel (ASTM A53 Grade B or 
ASTM A139 Grade B).  Use of PVC is not authorized.  The casing in a well developed in a sand 
and gravel formation should extend a minimum of 4 m below the lowest estimated pumping 
level. In the percussion method of drilling, and where sloughing is a problem, it is customary to 
drill and jack the casing to the lower extremity of the aquifer, install the appropriate size screen 
inside the casing, and then pull the casing back, exposing the screen to the water-bearing 
formation.  The wall thickness and pipe strength for the casing material depend on the hydraulic 
collapse and buckling strengths required for the well.  Substitution of other pipe material shall 
first be approved by providing a shop submittal (Form 4025) with material specifications 
sufficient to evaluate the pipe strength for the proposed well application.  The minimum wall 
thickness for steel pipe used for casing is 8 mm.  Table 5 provides minimum pipe wall 
thicknesses for various diameters: 
 

Table 5.  Minimum Steel Pipe Casing Wall Thicknesses   
By Well Diameter 

 

 
 
 
 
7.4   WELL SCREENS. Well screen shall be 304 stainless steel, wire-wrapped, and with a 
slot size between 0.7 and 1.0 mm (unless specified differently by the COR).  Ideally well 
screens are designed based on the type of aquifer material encountered during drilling.  This 
requires accurate depth information correlated to samples of the material at various depths and 
changes in strata.  It is often not practical or feasible to perform these tests, because it is a 
requirement that all equipment and supplies be acquired, and located at the well site before 
drilling can commence.  This includes the well screen and gravel pack material. 
 
There will be situations (high pumping rates or large design populations) when the well screen 
and filter pack must be designed to match the geologic materials.  If specified by the COR, the 
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Contractor will perform the appropriate design calculations (Appendix B) and supply the 
specified well screen and filter pack.   
 
Naturally-developed wells are not allowed because they do not allow for the installation of the 
bentonite seal. The minimum inside diameter of the well screen shall be 150mm.  A properly 
designed screen allows the permeability of the water bearing materials around the screen to be 
utilized.  The screen and filter pack function to restrain sand and gravel from entering the well, 
which would diminish yield, damage pumping equipment, and deteriorate the quality of the 
water produced.  Wells developed in fractured bedrock areas do not need screens if the wall is 
sufficiently stable and sand pumping is not a problem. Appendix A shows examples of 
acceptable and unacceptable well screens. 
 
Screen length depends on aquifer characteristics, aquifer thickness, and available 
drawdown. The minimum screen length of stainless steel screens shall be two (2) meters.  
For a homogeneous, confined, artesian aquifer, 70 to 80 percent of the aquifer should be 
screened and the maximum drawdown should not exceed the distance from the static 
water level to the top of the aquifer.  For a non-homogeneous, artesian aquifer, it is usually 
best to screen the most permeable strata.  The top of the screen will be at least 4m below 
the lowest drawdown level reached during the testing.  
 
Homogeneous, unconfined (water-table) aquifers shall be equipped with screens covering the 
lower one-third to one-half of the aquifer.  A water-table well is usually operated so that the 
pumping water level is at least 4 meters above the top of the pump.  Screens for non- 
homogeneous water table aquifers are positioned in the lower portions of the most permeable 
strata in order to permit maximum available drawdown.  The following equation shall be used to 
determine if a screen length greater than the minimum screen length stated above is required: 
 

L=Q/(AV(7.48)) Eq. 2 
 
Where, 

 

 
L=length of screen (ft) 
Q=discharge (gpm) 
A=effective open area per foot of screen length (ft2/ft).  Approximately ½ of the actual 
open area which can be obtained from screen manufacturers. 
V=velocity (fpm) above which a sand particle is transported; is related to hydraulic 
conductivity as shown in Table 6. 

 
Centralizers will be placed at the top and bottom of each section, and at intervals of 8 meters of 
screen to maintain the screen position in the center of the hole.  If the screen length is greater than 8 
meters, a 1 meter length of blank casing shall be placed in the middle of the screen interval for placement 
of centering devices.  Centering devices will not be placed on the screened interval. 
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Table 6.  Estimated Sand Transport Velocities 

 
Hydraulic conductivity Velocity sand transport 

m/day 
204 

gpd/ft^2 
5,000 

m/min 
3.05 

ft/min 
10 

163 4,000 2.74 9 
122 3,000 2.44 8 
102 2,500 2.13 7 
82 2,000 1.83 6 
61 1,500 1.52 5 
41 1,000 1.22 4 
20 500 0.91 3 
10 250 0.61 2 

 
 
The screen diameter shall be selected so that the entrance velocity through the screen openings 
will not exceed 0.03 m/s (0.1 foot per second).  The entrance velocity is calculated by dividing 
the well yield in cubic feet per second by the total area of the screen openings in square feet.  This 
will ensure the following: 
 

• The hydraulic losses in the screen opening will be negligible. 
• The effect of incrustation will be minimal. 
• The effect of corrosion will be minimal. 

 
Table 7.  The relative open space in the screen as a function 

of screen diameter and slot size. 
 

Relative Open Space vs. Diameter and Slot Size 

 
Nominal 
Well         
Screen        
Diameter 

 

 
 

Screen Slot Size 

 
 

Steel 
Continuous Slot 

mm No mm cm2/m % 
     

100 20 0.508 931 25 
100 60 1.524 1,905 52 
150 30 0.762 1,693 25 
150 60 1.524 2,857 41 
150 95 2.413 3,492 51 
200 30 0.762 1,629 16 
200 60 1.524 2,857 28 
200 95 2.413 3,851 38 
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Figure 3. Minimum Effective Open Area versus Well Yield 
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7.5  FILTER PACKING.  Filter packing (sometimes referred to as gravel packing) is sand and 
gravel placed around the well screen to stabilize the aquifer and provide an annulus of high 
permeability around the screen.  This differs from the naturally-developed well in that the zone 
around the screen is made more permeable by the addition of coarse material.  Grain size of the 
filter pack is ideally selected on the basis of information obtained from sieve analyses of the 
material in the aquifer.  Information on how to make these calculations is included in Appendix 
B. 

 
Filter pack material shall be a product of a commercial sand and gravel supplier, shall be properly sized and 
graded for the surrounding soil encountered, and shall be composed of clean, round, hard, water-worn 
siliceous material, free of flat or elongated pieces, organic matter, or other foreign matter.  It must conform 
to the following criteria: 

 
• The well-screen aperture size will be selected so that between 90 and 100 percent of the 

filter pack is larger than the screen openings.  Refer to Table 8 for slot size and 
corresponding sieve size.  For example, if the well screen has a slot size of 0.7 mm, 
between 90 and 100 percent of the material cannot pass through a size 25 sieve. 
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• A uniformity coefficient of less than 2.5 for the filter pack is required.  The uniformity 

coefficient is defined as 40 percent of the retained grain size divided by 90 percent of the 
retained grain size. 

 

 
• Filter pack material should be composed of clean rounded sand or gravel.  Angular grains 

reduce pumpage and increase the drawdown.  Pure silica sands are preferred because there is 
no loss of material due to solution effects. 

 
• It is important that the filter used for packing be clean.  If composed of local materials, it 

must be disinfected by immersion in strong chlorine solution (50 mg/L or greater available 
chlorine concentration, prepared by dissolving fresh chlorinated lime or other chlorine 
compound in water) just prior to placement.  Dirty filter pack must be thoroughly washed 
with clean water prior to disinfection and then handled in a manner that will maintain it in 
as clean a state as possible. 

 
Table 8. ASTM Standard Sieve Sizes 
 

Opening size ASTM Sieve 
mm  in  No 
4.76 0.187 4 
2 0.079 10 
1.2 0.05 16 
1.0 0.0394 18 
0.707 0.0278 25 
0.5 0.0197 35 
0.25 0.01 60 
0.1 0.004 140 

 

The thickness of the filter pack will range from a minimum of 75 mm (3 in) to approximately 
200 mm (8 in).  A filter envelope thicker than about 200 mm (8 in) will not greatly improve yield 
and can adversely affect removal of fines, at the aquifer-filter pack interface, during well 
development.  Filter pack should extend one meter above the screen but not above the top of the 
aquifer.  A tremie pipe will be used to evenly distribute the filter material around the screen and 
also to prevent bridging of the sand grains. 
 
The Well Completion Submittal shall include: 
(a) Number of screens and depth of setting in the well. 
(b) Size of well screen inside and outside diameters and length.  
(c) Pipe material (material schedule and specification). 
(d) Standard slot opening, mm 
(e) Effective open area of screen (sq cm per meter)  
(f) Transmitting capacity (liters/meter) 
(g) Sieve analysis of the material to be screened 
(h) Calculations supporting screen slot size 
(i) Photo of screen slot pattern 
(j) Results of Gravel Pack selection analysis. 
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7.6  GROUTING AND SEALING.  Wells must be constructed to prevent water that is polluted 
or of otherwise unsuitable quality from entering the well.  Grouting and sealing of wells are 
necessary to protect the water supply from pollution, to seal out water of unsatisfactory chemical 
quality, to protect the casing from exterior corrosion and to stabilize soil, sand or rock formations 
that tend to cave.   
 

7.6.1  BENTONITE SEAL.  A bentonite seal with a minimum thickness of three meters shall be 
placed directly above the filter pack to prevent vertical infiltration of contaminants through filter 
material into the well.  If the bentonite is installed in dry form, such as chips or pellets, there must 
be sufficient time given so that the bentonite can hydrate and form the seal.  Allow three hours for 
hydration times, or per manufacturer’s guidelines. 
 
7.6.2  NEAT CEMENT/GROUT.  Neat cement or grout must be placed from the top of the bentonite 
seal and extends from the bentonite seal to approximately 2 meters from the ground surface.  This 
seal is continuously placed from the bentonite seal to the surface.  The annular space between the 
well casing and the walls of the hole shall be filled with cement-bentonite grout mix as hereinafter 
specified.  The cement-bentonite grout mix shall be proportioned of Portland Cement conforming 
to ASTM Specification C150, Type I or II and bentonite (either sodium bentonite or calcium type 
morillonite or opalite).  The cement-bentonite mix shall be proportioned, by weight, as follows; 
6.6 : 1 : 0.4 (water : portland cement : bentonite).  The water-cement (w/c) ratio shall not exceed 7.  
The mix shall be prepared as follows: the cement shall be mixed with the water first at the w/c 
ratio prescribed above.  At this stage, the mix is like grey water.  Next, bentonite powder shall be 
slowly added such that clumps of bentonite do not form.  This should be constantly checked by 
scraping the bottom of the mixer with a shovel. When clumps form, slow down and do not add 
any more powder until they are dissolved. Bentonite shall be added until the watery mix 
transitions to an oily/slimy consistency.  Observe the consistency while mixing and allow the 
grout to thicken for another five to ten minutes. Generally, the mix thickens with added mixing 
time.  Bentonite shall be added as required. The mixture should form craters at the surface when it 
is the proper consistency for placing down the tremie pipe.   
 
The cement-bentonite grout shall be forced from the bottom of the space to be grouted towards the 
surface by use of a tremie pipe.  The minimum depth of grouting shall be three meters unless 
approved in writing by the COR.  The grout shall also seal off any other water-bearing strata 
above the zone providing water to the well.  The grouting shall be done continuously and in a 
manner that will insure the entire filling of the annular space in one operation, without damaging 
the well casing.  No drilling operations or other work in the well will be permitted within 24 hours 
after the grouting operation to allow the grout to properly set. 
 
Establishment of good circulation of water through the annular space to be grouted is a highly 
desirable initial step toward a good grouting job.  This assures that the space is open and provides 
for the removal of foreign material. 
 
If a deeper, confined aquifer contains undesirable water, care should be taken during drilling so 
as not to penetrate or breach the confining unit separating the two aquifers. Any portion of the 
confining unit that is breached should be replaced with grout. 
 
7.6.3  CEMENT SURFACE SEAL.  The well annulus must be filled with cement from the top of the 
neat cement/grout seal to the land surface.  The cement supplies structural support for the well  
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casing and above-grade piping and parts and keeps fluids out of the well.  
 
7.7  ACCESSIBILITY.  The well location shall be readily accessible for pump repair, 
cleaning, disinfection, testing and inspection. The top of the well shall never be below surface 
grade. At least 600 mm (2 ft) of clearance beyond any building projection shall be provided. 
 
7.8  DETAILS RELATING TO WATER QUALITY.  In addition to grouting and sealing, 
features that are related to water quality protection are: 
 
7.8.1  LOCATION. The well or wells should be located on the highest ground practicable, certainly 
on ground higher than nearby potential sources of surface pollution. The surface near the site 
should be built up, by fill if necessary, so that surface drainage will be away from the well in all 
directions. Where flooding is a problem, special design will be necessary to insure protection of 
wells and pumping equipment from contamination and damage during flood periods and to 
facilitate operation during a flood. 
 
7.8.2  CONCRETE COVER. The well casing should be surrounded at the surface by a concrete slab 
having a minimum thickness of 100 mm (4 in) and extending outward from the casing a minimum 
of 600 mm (2 ft) in all directions. The slab should be finished a little above ground level and slope 
slightly to provide drainage away from the casing in all directions. 
 
7.8.3 CASING HEIGHT. The well casing should extend at least 500 mm (20 in) above the level 
of the concrete surface slab in order to provide ample space for a tight surface seal at the top 
of the casing. The type of seal to be employed depends on the pumping equipment specified. 
 
7.8.4  WELL HOUSE. A permanent well house is required, the floor of which can be an enlarged 
version of the surface slab.  The floor of the well house should slope away from the casing toward 
a floor drain at the rate of about 1 mm per 50 mm (1/8 inch per foot).  Floor drains should 
discharge through carefully jointed 100 mm (4 in) or larger pipe of durable water-tight material to 
the ground surface 6 m (20 ft) or more from the well. The end of the drain should be fitted with a 
coarse screen.  Well-house floor drains ordinarily should not be connected to storm or sanitary 
sewers to prevent contamination from backup.  
 
The well house should have a large entry door that opens outward and extends to the floor.  The 
door should be equipped with a good quality lock.  The well house design should be such that the 
well pump and drop-pipe can be removed readily.  Any structure built over the well must have a 
large door in the roof that allows for easy removal of the pump piping and pump using an 
overhead crane.  The well house protects valves and pumping equipment and also provides freeze 
protection for the pump discharge piping beyond the check valve.  Where freezing is a problem, 
the well house should be insulated and a heating unit installed. 
 
The well house should be of fireproof construction.  The well house also protects other essential 
items.  These include: 
 

• Flow meter (totalizer) 
• Backflow prevention devices on the above-ground well discharge piping; 
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• Manual aboveground shutoff valve downstream of backflow device; 
• Pressure gage 
• Screened casing vent 
• Sampling tap 
• Commercial submersible pump protector   
• Water treatment equipment (if required) 
• Well operating records 

 
7.8.5 SECURITY. The well building shall be protected from unauthorized use by a security fence 
having a lockable gate. 
 
7.9  WELL PUMPS 
 
7.9.1  PUMP TYPE.  Many types of well pumps are on the market to suit the wide variety of 
capacity requirements, depth to water and power source. Electric power is used for the majority 
of pumping installations. Where power failure would be serious, the design should permit at least 
one pump to be driven by an auxiliary engine, usually gasoline, diesel or propane. The most 
appropriate type is dictated by many factors for each specific well. Factors that should be 
considered for installation are: 
 

• Capacity of well 
• Capacity of system 
• Size of well 
• Depth of water 
• Type of well 
• Power source 
• Standby equipment 
• Well drawdown 
• Total dynamic head 

 
There are several types of well pumps. The most common are line shaft turbine, submersible 
turbine, or jet pumps. The first two operate on exactly the same principal; the difference being 
where the motor is located. Line shaft turbine pumps have the motor mounted above the 
waterline of the well and submersible turbine pumps have the motor mounted below the water 
line of the well. 
 
ANA and ANP projects commonly employ small submersible turbine pumps; however, there may 
be projects where other types are preferable.  For deep wells with high capacity requirements, 
submersible or line shaft turbine pumps are usually used and are driven by electric motors. A 
number of pump bowls may be mounted in series, one above the other to provide the necessary 
discharge pressure.  A partial listing of pumps commonly used in water-supply wells are listed in 
Table 9. 
 
Depending upon the depth of the static water level (<100m), a standard hand pump with seal and 
air gap shall be installed on the permanent well discharge piping to discharge at concrete pad 
around well.  Hand pump components will be stainless steel. The hand pump shall be capable of 
pumping at a minimum pressure head of 138 Kpa (20 psi) in the event there is either a loss of 
power supply or a pump failure in the water well system.  
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Table 9. Characteristics of Pumps Used in Water Supply Systems 
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7.9.2  PUMP CAPACITY  – The design capacity of the pump must equal the system 
requirements. The design goal is for the well pump capacity to be capable of supplying one 
average day flow (ADF) in a time period specified in the contract documents.  However the 
capacity of the pump must never exceed the capacity of the well.  There are many situations 
in which the aquifer can supply water, but at a rate which is less than the desired flow rate.   For 
example, some facilities may only supply electricity for 6 hours per day.  In these cases, it is not 
feasible to simply install a large pump to compensate for a higher required flow rate.  The 
aquifer formation will only supply water at the rate it is able, and a larger pump will simply 
burn out.  There are several alternatives: 
 

 
• Install a well field instead of a single well.  Multiple wells may be able to supply the 

desired pumpage. 
• Rely on the hand pump for periods when the well pump is without electricity and storage 

is depleted. 
• Supplement water storage with hauled water. 
• Increase the time which the generator operates so that water needs can be met. 

 
Pump manufacturers publish charts giving the pump discharge capacity for their particular 
pumps at various operating pressures. The total dynamic head (TDH) of the system must be 
calculated accurately from the physical arrangement and is represented by the following: 
 

TDH=HS+HD+HF+(V2/2g)  Eq. 3 
 
Where: 

 

 
Hs=suction lift; vertical distance from the waterline at drawdown under full capacity to 
the pump centerline, m 
HD=discharge head; vertical distance from the pump centerline to the pressure level of 
the discharge pipe system, m 
HF=friction head; loss of head on pipe lines and fittings, m 
V2/2g=velocity head; head necessary to maintain flow, m 

 
The brake horsepower (engine horsepower with no power loss from associated components) of 
the motor used to drive the pump may be calculated from the following equation: 
 

P=(HQ)/(102*e) Eq. 4 
 
Where: 

 

 
P=break power required, kW 
H=total dynamic head, m 
Q=volume of water discharged, L/s 
e=Combined efficiency of pump and motor, from manufacturer’s data 

 
Appendix C contains information for designers selecting of water well pumps. 
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8. RECEIVE AED APPROVAL 
CONSTRUCTION OF THE FINAL WELL CANNOT START AND SHALL STOP until 
receipt of AED Approval. Before any final well construction, AED shall receive, review 
and approve the Test Well Approval Submittal and shall authorize construction of the 
permanent well.  Failure to follow the construction and submittal procedures outlined, 
may at AED’s discretion, result in rejection of the well and, the contractor having to 
remove the well casing and screen, re-drill the well and reinstall the proper features per 
the approved design.   The contents of the Final Well Design Proposal shall include: 
 

1.   Proposed pumping rate. 
 

2.   Location and coordinates of well on site plan. 
 

3.   Size of well diameter and depth. 
 

4.   Driller’s Log Submittal. 
 

5.   Geology Log Submittal. 
 

6.   Water Well Summary Sheet (Appendix E) 
 

7.   Pump Selection Design. 
 

8.   Static and dynamic water table depths and elevations. 
 

9.   Casing and screen diameters and lengths installed in the test well. 
 

10. Proposed permanent casing diameter and material. 
 

11. Proposed permanent screen design and supporting calculations. 
 

12. Proposed permanent grouting and sealing. 
 

13. Proposed permanent gravel/filter pack design and materials and supporting calculations. 
 

14. Step-test results, including Specific Capacity, Max Sustained Yield, and Radius of 
Influence.  (Hydraulic Conductivity will be reported if full pumping test was performed.) 

 
15. Water quality results. 
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9. CONSTRUCT PERMANENT WELL  

 
After receipt of AED concurrence, the permanent well can be constructed.  If AED rejects the 
Well Design document or Report, then the contractor will amend or revise subject reports to 
achieve approval before final well construction can begin. 
 
A stainless steel check valve (if not on the pump discharge piping), isolation valve, sampling port, 
and well-discharge totalizer shall be installed on the pump discharge pipe line, as minimum 
appurtenances, between the well head and the water storage treatment tanks.  A water level 
measurement port shall be provided at the well head.  Additional appurtenances such as flow 
meter, air release valve, and chlorination treatment piping may be required depending upon the 
contract technical requirements.   
 
Upon completion of the well and other incidentals, all debris and surplus materials resulting from 
the work shall be removed from the job site.  The drilling fluid shall be pumped out and properly 
disposed of and the excavation for the sump backfilled suitable to the site COR. 
 
10. DEVELOP AND DISINFECT WELL 
 
After the structure of the well is installed, there remain two very important operations to be 
performed before the well can be put into service. Well development is the process of removing 
the finer material from the aquifer around the well screen, thereby cleaning out and opening up 
passages in the formation so that water can enter the well more freely. Disinfection is the process 
of cleaning and decontaminating the well of bacteria that may be present due to the drilling action. 
 
10.1  WELL DEVELOPMENT.  After construction is complete, the well shall be thoroughly 
developed. The developing equipment shall be of sufficient capacity to remove all drilling fluids, 
sand, rock cuttings or any other foreign matter.  The wells shall be thoroughly cleaned from top to 
bottom before beginning the well tests.  Three beneficial aspects of well development are to 
correct any damage or clogging of the water bearing formation which occurred as a side effect of 
drilling, to increase the permeability of the formation in the vicinity of the well and to stabilize the 
formation around a screened well so that the well will yield sand-free water. 
 
Development is necessary because many drilling methods cause increases in the density of the 
formation around the hole. Methods utilizing drilling fluids tend to form a mud cake. Good 
development will eliminate this "skin effect" and loosen up the sand around a screen. Removal of 
fines leaves a zone of high porosity and high permeability around the well. Water can then move 
through this zone with negligible head loss. 
 
Methods of development in unconsolidated formations include the following: 
 

• Mechanical surging is the vigorous operation of a plunger up and down in the well, 
like a piston in a cylinder. This causes rapid movement of water which loosen the 
fines around the well and they can be removed by pumping. This may be 
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unsatisfactory where the aquifer contains clay streaks or balls. The plunger 
should only be operated when a free flow of water has been established so that 
the tool runs freely.  Swabbing is a type of surging utilizing a specialized 
plunger. 

 
• Air surging involves injecting air into a well under high pressure. Air is pumped 

into a well below the water level causing water to flow out. The flow is 
continued until it is free of sand. The air flow is stopped and pressure in an air 
tank builds to 700 to 1,000 kilopascals (100 to 150 psi). Then the air is released 
into the well causing water to surge outward through the screen openings. 

 
• Back washing involves reversal of flow. Water is pumped up in the well and 

then is allowed to flow back into the aquifer. This usually does not supply the 
vigorous action which can be obtained through mechanical surging. 

 
• High velocity jetting utilizes nozzles to direct a stream of high pressure water 

outward through the screen openings to rearrange the sand and gravel surrounding 
the screen. The jetting tool is slowly rotated and raised and lowered to get the 
action to all parts of the screen. This method works better on continuous slot well 
screens better than perforated types of screens. 

 
The well must be developed using surge methods and the overpumping development 
method is not permitted.  Development in rock wells can be accomplished by one of the 
surging methods listed above or by one of the following aquifer stimulation methods. 

 
• Acidizing can be used in wells in limestone formations.  Fractures and crevices 

are opened up in the aquifer surrounding the well hole by the action of the acid 
dissolving the limestone. 

 

 
• Sand fracturing is the action of forcing high pressure water containing sand or 

plastic beads in to the fractures surrounding a well.  This serves to force the 
crevices open. 

 
Development using explosives is prohibited.  The recommended type of development for 
stainless steel screened wells is hydro-jetting; however surge blocks, air-development or 
other development techniques are permissible at the option of the Contractor.  The well 
shall be disinfected before removing the test pump and collecting samples for determining 
the water quality. 
 

10.1.1 WELL DEVELOPMENT REQUIREMENTS -- A well development record shall be prepared. 
Development is complete when both of the following criteria are met: 

1. Well water is clear to the unaided eye and/or turbidity is less than or equal to 5 
Nephelometric Turbidity Units (NTUs) and no sand is visible at the bottom of the 
sample container. 

2. Sediment thickness in the well is less than 1% of the screen length. 
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If the Contractor has the appropriate instrumentation, then the following alternative 
development metric can be used.  A minimum of three times the standing water volume in the 
well is removed plus three times the volume of all added water and drilling fluid lost during 
drilling and installation of the well is removed, and Temperature, specific conductivity, pH, 
oxidation-reduction potential (ORP), dissolved oxygen (DO), and turbidity readings, measured 
before, twice during and after development operations, have stabilized.  Stabilization shall 
mean variation of less than 0.2 pH units, variation of ± 0.5 degrees C (1 degree F), ± 3 percent 
change in specific conductance; and less than a ± 10mV for ORP; and ± 10 percent for DO, and 
turbidity, measured between three consecutive readings with one casing volume of water 
removed between each reading.  ORP shall be determined in accordance with AWWA 10084.  
Temperature, specific conductance, DO, turbidity and pH readings shall be conducted in 
accordance with EPA 600/4-79/020. 
 
Whichever development metric is used, at completion of well development, approximately 
0.5 liter of well water shall be collected in a clear glass jar.  The jar shall be labeled with 
project name, well number and date; and photographed using digital photography. The 
photograph (minimally 125 x 174 mm or 5 x 7 inch) shall be a suitably backlit close-up 
which shows the clarity of the water and any suspended sediment.  The photograph and .jpg 
file shall become a part of the well development record. 
 
10.2  WELL DISINFECTION. The well shall be disinfected to remove bacteriological 
contamination that may cause the well-water supply to be unsafe for human consumption. The 
chlorine solution used for disinfecting the well shall be of such volume and strength and shall 
be so applied that a concentration of at least 50 mg/L of available chlorine shall be obtained 
for the entire water depth of the well, and this solution shall remain in the well for a period of 
at least 12 hr. 
 
If the samples collected after disinfection show bacteriological contamination, the contractor 
shall prepare and apply to the entire depth of the well a total volume of the chlorine solution of 
at least 100 mg/L of available chlorine equal to at least four times the volume of water in the 
well. The contractor shall allow this solution to remain in the well for a period of at least 24 hr.  
Driscoll (1986, page 619, Appendix D) offers an excellent summary of disinfection 
procedures. 
 

11. TEST WELL PERFORMANCE 
 
Upon completion of the permanent production well, the Driller shall conduct a continuous 6-
hour pumping test at the designed flow rate.  Drawdown will be recorded from time-zero at the 
following time intervals: 
 

First 5 minutes – every 30 seconds 
Next 5 minutes – every minute 
Next 50 minutes – every 10 minutes 
Next 2 hours – every 20 minutes 
Next 2 hours – every 40 minutes 
Last hour – one sample at end  
 



AED Design Requirements 
Well Pumps & Well Design  

27 
 

If water levels are recorded digitally with a transducer, smaller time intervals are often  
programmed into the software.  This is acceptable.  The above guidance serves as minimum 
time intervals. 
 
After the 6-hour pumping test has been finished, but before the pumps are shut off, a 
second round of water-quality samples will be taken and tested for the same parameters as 
outlined in Section 5.2. 
 
Recovery data will also be recorded at intervals described above.  Recovery data will be 
recorded until drawdown reaches 90% of pre-pumping levels. 
 
 
12. SUBMIT WELL COMPLETION REPORT  
 
The design and construction documents must provide a permanent record of the well 
construction.  Without this documentation, later attempts to evaluate the potential long term 
yield of a well, well pump problems, water quality, expected / actual yield, and the potential to 
increase production will be meaningless.  Reporting requirements include the following: 
 

• Drillers log 
• Geology or Lithology log 
• Geophysical logs (if performed) 
• Water Well Summary Sheet 
• Performance Pumping Test Report and Analysis 
• Well Screen and Gravel Pack Design 
• As-Built drawings 

 
The Contractor shall submit editable CAD format As-Built drawings.  The drawing shall 
show the final product as it was installed in the field, with the exact dimensions, locations, 
materials used, logs and any other changes made to the original drawings.  Refer to Contract 
Sections 01335 and 01780A of the specific project for additional details. 
 
13. MULTI-WELL FIELDS 

 
The grouping of wells must be carefully considered because of mutual interference between 
wells when their cones of depression overlap.  In this case, a full pumping test, with 
observation well(s), will be performed.   Minimum well spacing shall be 75 m (250 ft). The 
total interference effect at a well is a function of the following: 
 
• Number of wells being pumped. 
• Distance from point of measurement to pumping wells. 
• Volume of discharge at each well. 
• Penetration of each well into aquifer. 

 
For simple systems of 2 or 3 wells, the method of super position may be used to estimate well 
interference.  The procedure is to calculate the drawdown at the point (well) of consideration 
and then to add the drawdown for each well in the field.  For multiple wells, the discharge 
must be recalculated for each combination of wells, since multiple wells have the effect of  
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changing the depth of water.  For large systems the following conditions should be noted: 
 

• Boundary conditions may change. 
• Change in recharge could occur.  
• Computer analysis (numerical modeling) may be helpful to recalculate 

the combinations. 
 
It is seldom practicable to eliminate interference entirely because of pipeline and other costs, 
but it can be reduced to manageable proportions by careful well field design.  When an aquifer 
is recharged in roughly equal amounts from all directions, the cone of depression is nearly 
symmetrical about the well and is about the same in all directions.  If, however, substantially 
more recharge is obtained from one direction; e.g., a stream, then the surface elevation of the 
water table is distorted, being considerable higher in the direction of the stream.  The surface 
of the cone of depression will be depressed in the direction of an impermeable boundary 
because little or no recharge is obtained from the direction of the impermeable boundary. 
 
Where a source of recharge such as a stream, exists near the proposed well field, the best 
location for the wells is spaced out along a line as close as practicable to and roughly parallel 
to the stream.  On the other hand, multiple water-supply wells should be located parallel to 
and as far as possible from an impermeable boundary.  Where the field is located over a 
valley, the wells should be located along and as close to the valley's center as possible.  In 
hard rock country, wells are best located along fault zones and lineaments in the landscape 
where recharge is greatest.  These are often visible using aerial photographs.  Special care 
should be exercised to avoid contamination in these terrains since natural filtration is limited.  
Wastewater is commonly recharging groundwater at these sites, and consideration should be 
given to expected flow patterns. 
 

13.1  RADIUS OF INFLUENCE CALCULATIONS -- The following definitions are 
necessary to an understanding of radius of influence calculations: 
 

 
• Static Water Level – The distance from the ground surface to the water level in a 

well when no water is being pumped. 
 

• Pumping Level – The distance from the ground surface to the water level in a well 
when water is being pumped – also called dynamic water level. 

 
• Drawdown – The difference between static water level and pumping water level. 

 
• Cone of Depression – The funnel shape of the water surface or piezometric level 

which is formed as water is withdrawn from the well. 
 

• Radius of Influence – The distance from the well to the edge of the cone of depression. 
 

• Hydraulic Conductivity – The rate at which water moves through the formation.  
Units are expressed in length/time or gallons per day per square foot.  It is governed 
by the size, shape, and interconnectedness of the pore spaces. 
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The well discharge equation (Eq. 5, also known as the Thiem equation) below is used to 
determine the amount of water that can be expected from a well or the radius of influence.  
The formula assumes certain simplifying conditions.  However, these assumptions do not 
severely limit the use of the formulas.  The assumptions are as follows:  1) the aquifer is 
unconfined (water table), of constant thickness, is not stratified and is of uniform hydraulic 
conductivity (i.e. homogeneous); 2) the piezometric surface is level, laminar flow exists and 
the cone of depression has reached equilibrium (i.e. steady state); and 3) the pumping well 
reaches the bottom of the aquifer and is 100 percent efficient.   
 
The following equation is used to calculate the discharge: 
 
 Q = (1.366K(H2-h2))/(log(R/r))  Eq. 5 
 

Where: 
 Q = pumping rate (m3/day) 
 K = hydraulic conductivity of water-bearing unit (m/day) 

H = Static head from bottom of aquifer (m) 
h = pumping head from bottom of aquifer (m)  

 R = Radius of influence (m) 
 r = Radius of well (m)  
 

Hydraulic conductivity (K) is equal to the aquifer transmissivity divided by the saturated 
aquifer depth.  (Or T = Kb) 
 
Figure 4 shows the relationship of the terms used in Equation 5 for available yield from a 
water table well.  An existing well or monitoring well must be used to estimate the radius of 
influence of the proposed production well. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



AED Design Requirements 
Well Pumps & Well Design  

30 
 

 
Figure 4.  Diagram of Water Table Well 
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Figure 5.  AED Well Requirements 
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Appendix A 
 

Examples of Unacceptable and Acceptable Well Construction 
(Source: Statement of work Military Water Well Construction, Testing and Completion, 

United States Forces, Afghanistan, 2009) 
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Appendix B  
 

Theoretical Well Screen and Filter Pack Design 
 

 
This section, and referenced text, will provide more information well screen and filter pack 
design.  This is predicated upon depth-dependent data on aquifer materials, i.e. gradation curves 
for each aquifer zone which is to be screened. 
 
The results of the analysis of any particular aquifer sample should be recorded as the percent (by 
weight) of the sample retained on each sieve and the cumulative percent retained on each sieve 
(i.e., the total of the percentages for that sieve and all larger sieve sizes).  Based on these sieve 
analyses, determine the aquifer stratum which is composed of the finest material.  Driscoll, page 
409 (Appendix D), gives more information on determining grain-size distributions. 
 
Using the results of the sieve analysis for the finest aquifer material, plot the cumulative percent 
of the aquifer material retained versus the size of the mesh for each sieve.  Fit a smooth curve to 
these points.  Find the size corresponding to a 70 percent cumulative retention of aquifer 
material.  This size should be multiplied by a factor between 4 and 6, 4 if the formation is fine 
and uniform and 6 if the formation is coarse and non-uniform.  Use 9 if the formation includes 
silt.  The product is the 70 percent retained size (i.e., the sieve size on which a cumulative 70 
percent of the sample would be retained) of the material to be used in the packing.   
 
A uniformity coefficient of 2.5 for the filter pack is desirable.  The uniformity coefficient is 
defined as 40 percent of the retained grain size divided by 90 percent retained size.  Lower size 
represents a more uniform material and is more meaningful for values less than 5. 
 
The plot of cumulative percent retention versus grain size for the filter pack should be 
approximately parallel to same plot for the aquifer material, should pass through the 70 percent 
retention value, and should have 40 and 90 percent retention values such that the uniformity 
coefficient is less than 2.5.  Filter pack material will be specified by determining the sieve sizes 
that cover the range of the curve and then defining an allowable range for the percent retention 
on each sieve.   The contractor shall verify these gradations are suitable for the specific well as 
not all aquifers are the same.  Driscoll, pg 441 (Appendix D), gives more information on filter 
pack design. 

 
  



APPENDIX C 
WELL PUMP SELECTION EXAMPLE 

1.0 GENERAL 
The purpose of this appendix is to assist the contractor to fulfill the design and submittal 
requirements for projects requiring well pump selection and installation.  Selecting the correct 
pump for a project is important for the sustainability of well operation and the efficient use of 
power to run the pump over time.  In recent years, there have been a large number of pumps that 
required replacement at the ANA and ANP facilities.  One of the reasons has been the incorrect 
selection of submersible pumps.        
  
2.0 DESIGN FLOW 
The first step is to determine the water demand and the amount of flow required of the pump per 
unit time.  But remember “The Capacity of the Pump Must Never Exceed the Capacity of the 
Well”.  The design flow is one of the first determinations for the site and it depends upon the 
design population x usage per day / hours of pumping per day.  That result is multiplied times the 
capacity factor.  The final number is a flow rate in quantity per unit time.     

 
3.0 HEAD REQUIREMENT 
The second step is to calculate the total head that the pump has to push against and overcome.  
There are different components contributing to flow resistance that can all be expressed in terms 
of head.  But the head changes depending on the flow rate.  So the objective is to determine total 
dynamic head based on the design flow.      
 

modified from www.pumped101.com 
 

  

http://www.pumped101.com/


3.1 Well Head  

The well head consists of heads that are below ground surface (bgs) and must be 
overcome to pump water to the surface.  It includes overcoming friction in the pump 
discharge pipe as well as elevation heads.   

3.1.1  Dynamic Water Level -- The most common misunderstanding is in determining the 
water level for the “Well Head”.  It is based on the difference in elevation between the 
ground surface and the dynamic water level.  The dynamic water level equals the 
drawdown added to the static water level.  The dynamic water level should be determined 
during the step-drawdown pumping test when pumping at 100% of the design flow.   

3.1.2  Friction Head (bgs) --The friction head depends upon several factors including the 
length of the pump discharge pipe, its diameter, the velocity of flow and the roughness of 
the pipe, reflected by the type of material from which it is made.   

3.2 Discharge Head 
 

The discharge head is a combination of heads that must be overcome once the water has 
been pumped to the ground surface.  They include: the elevation head, the operating 
pressure and the friction head from piping at or above the ground surface.   

Elevation Head – The most common elevation head at ANA and ANP sites is the 20m 
height of the elevated storage tank.   

Pressure Head – There is commonly little or no pressure required for the ANSF systems.   

Friction Head – There is the friction head from any pipelines that transmit water to the 
storage tank.  Also there are fixtures such as elbows, Ts, flow meters etc. that should be 
determined and their contribution to head added to the total discharge head. 

3.3 Total Pump Head      

The total pump head is the well head and discharge head combined.  There is also the 
velocity head but it is negligible. 

4.0 SELECT FAMILY OF PUMPS 
The third step is to select a general category or family of pump curves.  The primary 
determination is based on the design flow rate but the total head is also a factor.   Select a 
pump family that is in the range of design flow needed.    

  

 



From: www.pedrollo.com 

Family of 
Performance  Ranges 

Pump Design is Based
on Flow Rate and Head.

6-inch Pump

Water Requirement = 
43,594 L/h

44 m3/h = 44,000 L/h

Select 6SR44 for example

 

5.0 SELECT PUMP 
Look at the pump curves from the family of pumps selected.  Based on the total head that 
was calculated, select that point on the y-axis.  Then look along the x-axis for that point 
and find the curve that is nearest to the peak of the efficiency curve.  The point where that 
line crosses the pump curve is the “Duty Point.”  Look down to the x-axis and that is the 
flow rate that can be expected.  If that is inappropriate one may need to try another family 
of pumps or another manufacturer.      

 

 

http://www.pedrollo.com/
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Appendix D.   

 
Sited References from Driscoll, Groundwater and Wells, 1986 
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APPENDIX E 
 

INSTRUCTIONS – WATER WELL SUMMARY SHEET 
To be Included in the Final well Completion Report 

 
1. PROJECT TITLE AND LOCATION – Identify the type of ANP site or name of the 

ANA/ANP site and its location by District and Province.    
2. DATE OF REPORT – The month and year that well was completed. 

2a. CONTRACTOR NAME – Provide the name of the prime contractor responsible for 
drilling the well. 

3. CONTRACT NO. – Provide the AED contract number. 
3a. ELEVATION (Top of Hole) – This is the ground elevation at the well site.   

4. COORDINATES – The coordinates can be in any one of the standard formats (e.g. 
lat/long, MGRS or UTM).  
4a. TOTAL HOLE DEPTH – The total hole depth should be in meters with an m (e.g. 
120m). 

5. HOLE DIAMETER – The diameter of the hole should be in millimeters with an mm.  
5a. STATIC WATER LEVEL (Depth) – This is the depth of water in the well after it 
has come to equilibrium without pumping.  It should be reported in meters with an m.   

6. DRILLING METHOD (Rotary, Percussion, Other) – The drilling method for the 
majority of the hole.   

7. CASING DIAMETER & LENGTH(S) – The casing diameter should be in millimeters 
with an mm and the length in meters with an m.  The setting of the casing should be 
provided (e.g. 150mm, 0-90m). 

8. SCREEN DIAMETER & DEPTHS – The diameter of the screen in mm and the depths 
of the screen(s) in meters.   If more space is required provide the data in REMARKS.    
8a. SLOT SIZE – Report in millimeters with an mm (e.g. 1mm).  CASING AND 
SCREEN MUST BE STEEL. 

9. WELL DEVELOPMENT (Method) – The method to develop the well (e.g. mechanical 
surging).   
10a. SANITARY SEAL (Depth) – The top and bottom depths in meters. Thickness must 
be at least 3 meters of bentonite..   

10. DEPTH OF FILTER PACK  – The depths from the ground surface to the top and 
bottom of the filter pack in meters (e.g. 46-57m).  Must extend at least one meter above 
the top of screen.   
11b. PUMP DEPTH – Provide the depth from the ground surface to the intake of the 
pump in meters with an m.  

11. PUMPING TEST (Yes, No)  
12a. HOURS OF PUMPING (Pumping Test) – Provide the longest continuous time of 
the pumping test(s). 



12. PUMPING WATER LEVEL (at Max. Drawdown)—Provide the maximum depth to the 
water level in the well for the expected long-term pumping.  This level is determined 
during the pumping test. 
13a. FLOW RATE (Pumping Test) – Provide the flow rate (Q) associated with the 
“PUMPING WATER LEVEL” of 13.   

13. AQUIFER MATERIALS (Unconsolidated, Porous Bedrock, Fractured Bedrock) 
14. WATER QUALITY TESTED (Yes, No)—This question is limited to an established 

water quality laboratory.  
14a. TOTAL DISSOLVED SOLIDS – This value is provided by a water-quality 
laboratory.   

15. COLIFORMS (Yes, No), -- Are fecal or total coliforms present?  
15a PUMP – If information is available, provide the manufacturer and model so that the 
same pump could be replaced in the future. 

16. NAME OF PREPARER – Provide name of preparer and supply additional information 
in the REMARKS section.   

17. REMARKS:  Provide any additional relevant information such as contact information, 
title and association of preparer, distinguishing features of the well and/or the site etc.  
Provide additional information such as screen lengths that will not fit in the space above.   

 

 



 

WATER WELL SUMMARY SHEET 

 
1. PROJECT TITLE AND LOCATION …………………………………………………………………………………………………………….……………… 

 
2. DATE OF COMPLETION…………….……2a. CONTRACTOR NAME ………………………….………………………………………………….. 

 
3. CONTRACT NO.……………….……………………………………………………………….3a. ELEVATION (Top of Hole).....……..…………. 

 
4. COORDINATES …………………………………………………………………………...................4a. TOTAL HOLE DEPTH (m) ……………. 

 
5. HOLE DIAMETER ……………………………………....5a. STATIC WATER LEVEL (Non-Pumping Depth) ………………..…..……….. 

 
6. DRILLING METHOD (Rotary, Percussion, Other)…………………………………………………………………………………..…..……………. 

 
7. CASING DIAMETER & LENGTH(S) ………………………………………………………………………………………….……………………………… 

 
8. SCREEN DIAMETER & DEPTH(S)……………………………………………………………….………8a. SLOT SIZE……………………………… 

 
9. WELL DEVELOPMENT (Method)……………………………………………9a. SANITARY SEAL (Depth)……………………..…..………. 

 
10. FILTER PACK (Yes, No) ……………10a. DEPTHS OF FILTER PACK ………..…………10b. PUMP DEPTH…………….….………….. 

 
11. PUMPING TEST (Yes, No) …………………………………. 11a. HOURS OF PUMPING (Pumping Test)…………..……………......... 

 
12. PUMPING WATER LEVEL (at Max. Drawdown)………………………….12a. FLOW RATE (Pumping Test) ……………..……….. 

 
13. AQUIFER MATERIALS (Unconsolidated, Porous Bedrock, Fractured Bedrock)……………………………………………..………… 

 
14. WATER QUALITY TESTED (Yes, No)………………….. 14a. TOTAL DISSOLVED SOLIDS ……………..…………………….………….. 

 
15. COLIFORMS (Yes, No)………………..15a. PUMP (Manufacturer & Model) ……………………………………………………………….. 

 
16. NAME OF PREPARER ………………………………………………….………………..……………………………………………………………………… 

 
17. REMARKS:  …………………………………………………………………………………………………………………………………………………….…….. 

     ..……………………………………………………………………………………………………….……………………………………………..……………………………. 

     ……..………………………………………………………………………………………………………………………………………………...,…………………………… 

     .......………………………………………………………………………………………………………………………………………………………………………..……... 

Note:  Measurements are metric. 
Afghanistan Engineering District – North, US Army Corps of Engineers              JUL 2012  
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Appendix F. 
 

 
Well Screen and Bentonite Suppliers  

 
USACE includes the following supplier catalogs for information purposes only.  USACE does 
not endorse, nor does it require use of the following suppliers. 
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