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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.
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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

3
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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 (ganats) 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.

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

5
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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 *
Total Dissolved Solids Lead

pH Cadmium
Total/fecal coliform Selenium
Total Hardness (as CaCOs) Copper
Silica
Sodium
Potassium
Magnesium
Fluoride as F

Manganese as Mn (Dissolved and total)
Iron as Fe (Dissolved and total)
Sulphates as SO,

Chlorides as ClI

Nitrites as NO,

Nitrates as NOs

Ammonia

Bicarbonate

Carbonate

6

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:

Y,/Y=(log R/ry)/(log R/r,) Eqg. 1

Where:
Y =yield of new well
Y1=yield of original well
R=Radius of cone of depression (mm)
r,=diameter of new well (mm)
r;=diameter of original well (mm)

11
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Table 3. Well Diameter vs. Expected Yield
(In SI and U.S. Customary Units)

Expected Nominal Size of Optimum Size Smallest Size
Well Yield Pump Bowls of Well Casing Well Casing

(lpm) (mm) (mm) (mm)

<380 100 150 ID 125 ID
285-660 125 200 ID 150 ID
570-1515 150 250 ID 200 ID
1325-2460 200 300 ID 250 ID
2270-3400 250 350 OD 300 ID
3200-4900 300 400 OD 350 OD
4550-6800 350 500 OD 400 OD

6050-11400 400 600 OD 500 OD

(gpm) (in) (in) (in)

<100 61D 51D
75-175 81D 61D
150-400 10 ID 81D
350-650 12 ID 10 ID
600-900 14 OD 12 ID
850-1300 16 OD 14 OD
1200-1800 20 OD 16 OD
1600-3000 24 OD 20 OD
3000-6000 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

Original Well New Well Diameter
Diameter 150 mm 300 mm 450 mm 600mm 750mm 900 mm 1200 mm
(6") (12") (18") (24") (30" (36") (48")
150 mm (6") 100% 110% 117% 122% 127% 131% 137%
300 mm (12") 90 100 106 111 116 119 125
450 mm (18") 84 93 100 104 108 112 117
600 mm (24") 79 88 95 100 104 107 112
750 mm (30" 76 85 91 96 100 103 108
900 mm (36") 73 82 88 92 96 100 105
1200 mm (48") 69 77 82 87 91 94 100

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.

12
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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

Nominal Diameter, mm (in) Wall Thickness, mm (in)
150  (6) 8 (.250)
200 (8) 8 (.250)
250 (10) 8 (.279)
300 (12) 9 (.330)
350 (14) 10 (.375)

400 (18) 10 (.375)
450 (18) 10 (.375)
500 (20) 10 (.375)

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 (ft%/ft). Approximately % 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 thescreen length isgreaterthan 8
meters, a1 meter length of blank casing shall be placed in the middle of the screen interva for placement

of centering devices. Centering deviceswill not be placed on the screened interval.
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Table 6. Estimated Sand Transport Velocities

Hydraulic conductivity Velocity sand transport

m/day apd/ft"2 m/min ft/min
204 5,000 3.05 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:

e The hydraulic losses in the screen opening will be negligible.
e The effect of incrustation will be minimal.
e 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 Slot Size Steel

Screen Continuous Slot

Diameter
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 beaproduct of acommercia sand and gravel supplier, shall be properly sized and
graded for the surrounding soil encountered, and shal | be composed of clean, round, hard, water-worn
siliceousmaterial, free of flat or el ongated 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:

(@) 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

(1) 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 | or Il 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:

e Flow meter (totalizer)
e Backflow prevention devices on the above-ground well discharge piping;
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Manual aboveground shutoff W@ HBRMGNah RFiEkflow 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:

e Capacity of well

e Capacity of system
e Size of well

e Depth of water

e Type of well

e Power source

e Standby equipment
e Well drawdown

e 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

Practical Usual well- Usual
Type of Puuip suction pumping pressure Advantages Disadvantages Pemarks
lift deprhs heads
Reciprocating:
1. Shallow well ... [ 22-28 ft. 22-28 ft. 100200 ft. | 1. Positive ac- 1. Pulsating dis- | 1. Best suited for
2. Deep well ... 2220 ft. Upto B0 | Upto 600 | tion. charge. capacities of 5-23
feet teet above | 2. Discharge 2. Subject to vi- | gpm ggainst moder-
cylinder. against veriable | Bration and ate to high heads.
heads. noise. 2 Adaptable 1o
3. Pumps water |32 Maintenance | hand operation.
containing sand | cost may be high. | L Can be installed
and silt. 4, May cause de- | in very small diame-
4, Especially structive pres- ter wells (2" cas
adapted to low sure if pperated | ing).
capacity and high | against closed 4. Fump must be
hifts, valve. set directly over
well {deep well
only}.
Centrifugal:
1. Shallow well 20 fr. maxi- | 10-20 fi, 100--150 ft. | 1. Smooth, even, | 1. Loses prime 1. Very efficient
a. straight centrifu- | mum flow. easily. pump for capacities
gal (single stage) 2, Pumps water | 2. Efficiency de- | above 50 gpm &
containing sand | pends on operat- | heads up to abont
and silt. ing under design | 150 feet.
3. Pressure on heads & speed
system is even &
free from shock.
4. Low=starting
torque.
5. Usunally relia-
ble and geod ser-
vice life,
b. Regenerative 28 ft. maxi- [ 28 ft. 100200 fr. | L. Same as 1. Same as 1. Reducticn in
vane turbine type mum straight centrifu- | straight centrifu- | pressure w/in-
(single impeller) gl except not gal except main- | creased capacity not
suitable for tains priming 5 SEVETE a5
pwitiping water easily. straight centrifugal.
containing sand
or silt.
2. They are self-
priming.
2. Deep well Impellers 90309 Ft. 10800 fr. | 1. Same as shal- | 1. Efficiency de-
a. Vertical line submerged low well turbine. | pends on operat-
shaft turbine ing nnder design
{multi-stage) heud & speed.
2, Requires
straight well
large enough for
turbine bowls
and housing.
3. Lubrication &
alignment of
shaft critwal.
4. Abrasion from
sand.
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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:

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

e Rely on the hand pump for periods when the well pump is without electricity and storage
is depleted.

e Supplement water storage with hauled water.

e 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+Hp+He+(V?/20) Eq. 3

Where:
Hs=suction lift; vertical distance from the waterline at drawdown under full capacity to
the pump centerline, m
Hp=discharge head; vertical distance from the pump centerline to the pressure level of
the discharge pipe system, m
He=friction head; loss of head on pipe lines and fittings, m
V?/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*¢) 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. Diriller’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:
e 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

24



AED Design Requirements
Well Pumps & Well Design

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 (NTUSs) and no sand is visible at the bottom of the
sample container.

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.

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
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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:

e Dirillers log

e Geology or Lithology log

e Geophysical logs (if performed)

e Water Well Summary Sheet

e Performance Pumping Test Report and Analysis
e Well Screen and Gravel Pack Design

e 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.

e 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.

e Drawdown — The difference between static water level and pumping water level.

e Cone of Depression — The funnel shape of the water surface or piezometric level
which is formed as water is withdrawn from the well.

e Radius of Influence — The distance from the well to the edge of the cone of depression.
e 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 (Eg. 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(H?-h?))/(log(R/r)) Eq.5

Where:
Q = pumping rate (m®/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.
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Figure 4. Diagram of Water Table Well
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Well Requirements
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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)

Figure 4. Example of unacceptable, locally fabricated well screen. Slots were cut into the steel
casing using a cutoff wheel or grinder (vellow ovals), creating 0.05%0 openings per foot. Folded
knife is 4-in long.
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Figure 5. Example of approved stainless steel slotted screen with threaded connections (folded
knife is 4-in long). Minimum opening area is 15% of the screen surface per foot.
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Figure 6. Unacceptable wellhead completion examples. Upper panel - casing sticks up <1-inch
above the floor, has an inadequate sanitary seal, and has inadequate well pad slope and floor
drainage. Lower panel — no sanitary seal or well house over well, and the well pad has no slope
Both examples are missing totalizers. water sampling ports, water level measuring ports.
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Figure 7. Acceptable wellhead completion, with totalizer (rear center), raw water sample port
(lower left), sanitary port for measuring water level (left of 8-in blue well casing), and adequate
sanitary seal on well casing (center).
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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.
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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

?
FRICTION (F2)
f
OPERATIN% PRESSURE (P) Pumping Level
t ® Calculator
ELEVATION (E)

‘ I GROUND LEVEL

STATICLEVEL (5)

FRICTION (F1)

DRAWDOWN LEVEL (D)
WELL HEAD (WH) = S + D + F1

DISCHARGE HEAD (DH) = E + P + F2

TOTAL PUMP HEAD (TDH) = WH + DH

v SUIiMERGENCE
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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.
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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.
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Appendix D.

Sited References from Driscoll, Groundwater and Wells, 1986

42



AED Design Requirements
Well Pumps & Well Design

FEILARINGD 4O
SEIUILN JO JOTRIIPUT UF ST HEIMIGEU] 51 3005 100Ud-0g 341 ‘7771 Jnfig w1 aaind
SSE[) A1 5 A0S ENIRY §1 2aIma 2 Jo sdops [Rauad S uagm aaaaol] S0apas
{adogs da21s) ULGyIUN J0j TS Fjanaed AFCEIIAE 10 URIW Iy 5B O PILLYI 2q Am
715 1anad-04 AL SISED 1G4 uh (W 1 0) YA L0070 §1 0 1uanad-0g 3 saand
g S4E[ pUR W SSE]D) oyl o (U 94() WE TT0°0 §1 G0 a0ndld UD aama a0
YA S JUa0ad-(g I §1 HEAUSUL JO LIPUT UE E PISN U0 W0 24000 1100wy
(s £7°0) UL G100 1 PUES 2 JO L8 3123
a1 popy i uf e S0l WE000 §1 61771 AN U1 aAIm ¥ SR L o s
JANDFF YL IS AL -0
AL LTS SIS 3L "I LMIYS SIAIND
AL [1R U “JRsIR0d §1uaaad (g puR 20y

RFal wyaluad P ugumy)

{unm g o8 §}

§1 PUES 31 J0 103 (] Mg 25 HH Ul D Taard Jugy
~Hidl 34 S8} PAULIP I ERE T U1 PUTS s {51 o8 )
-[L} O SMPTIE $1Y 01 USZEH B3Iy £q pada g0 1ED st Do
S[FAIP FRw ITIS JANIID,, WLE1 YL s 75 1 61

R AT E 9 ans S

snoLEs £ PISN 02 Aawy $IEIS p)

(s 5 00 ZY)
=35 [BI3A2S VUSRS 31 JO AMATIINPUGD 5T O el Y T
arMeIpiy a2yl il 328 SO NE@AL0D O

apEwm wayl $1 1dUESNE Uy ESIUINY §O ¥IP Amofpe; T f1okarm 51

PEPIAIPOnS sy S50 M.
-u1 [Brauad 1 IS S1 2AIND uonngqUIsip o

azs-uesd v uo wured Jgppads © 00 (s 7} MOph

amg IAPIS MLISH 01 SEMA SO e =
(L {90 o w0

|aaRid ULy Azas Ul Z000 O Z000T U
PUE PUES JRIB0I — JAIND ] $5E1D (g7 o §900)
PUES JSIBOD ) §00°0 @ F000 pams auy iy,
Aiaa PUE ISIEOD = AAIND ) SSE]D (o 70 08§10
PUBS 2RIR00 = L0°0 #5000 pom duy)
Agos pUT FUY — IAIND g $HELY fmw g 00 5T
PUBE U — IAIND Y HRD R ] PURE UIRAP
suonduasap Fumofo) i s s | o8 g0
Tl o g1zl sundig g1 SaaIna Ny ol 0@ 0 U .y
o1 waishs awes ag) fupddy uonegs [ww 7 o 1)
22 §0EN A 01 Furpaoaae ‘pues Jamos | R0 B 0 P awad Ay
PUE WNIPSW JO 51516003 paasa dwes gy | fww ¢ o 7 (el sury Lan)
1y Saoys Gzl andig o saand LRI TR Uy
9'T1 AqEL U} WaOQs U SO (g on g}
~PUILE §O)5] PUE HEIS [RIOmiday, ML ulTET oI <
wlnodd ol 1F pPApIAIPGNS pue {WOW gy [
ol §) Ul §°7 01 §1°0 Sl 22 JU0 U s GO0l o8 75T S
$UY 1N UONEGISSED $IYL Sasn (SOSN) | (anne 3 Wi
Aanang [em@opean suwmg pamn 2L _ﬂuts._u;__ 01 gy

"PI2y snEmpunosd 341 ut pasn uonEdy!s ey g somExyE oM
-sep3 271 e Jseg dYb (NS 51 TT6] o
ut padajasap "3jEss GUOMIUIM L UOESLISSEL) IS uFRIS) "OTT AUL

STTM ONY HALVAINO0ED oy

16 M0 01 Suras
1 ausaym PG [Eneds a1 w1 pandopi Ui SEY SURIEAT FEIYD JO IET UL aanduos
3P I3 JUGIP 01 PadojaAIp T3 JAEY SUOTEIMISSE X1S-Uid JUARIp (R
ANJIIM Y, ITIE FWES SYI J0 SINIWIPIS 0] FULS Juatiip Fusn sanenads fuusau
-fu3 pUE SYNUAES SNOLIEA UI S1NS30 gIgm ‘S8 apiued ageds o) ddde jou op
SULEDY 5] *K[AIEURLIOJU ) "PAS JUE SIUII) JR[IUTE IO PO ‘[aARrl aul) ‘pUuEs 35800
“PUES DU ST Y TELSEUT JNUE B j0 SIS 10 ssusuy sy Sunussp ug

IS IS

“Buiperd
[EuaEm ag jo uondiesap Nadurod B 5o sangh |J€ 350 0] ATESS300U 11 S3TI S PR
“saaapo s jo Apuapusdapur aSuEyD e SIHIUEN FIE) Jo Awy aana e adeys (g)
pur ‘s ag) jo ado]s (7) (SSUIRIT00 10 SI0IUY) IS YUAWIPIE (1) Band onng
ungtp azs-ured € o nonduosep ai2(dured § o) [ENIIEED SINMUND SAI) A0 ]
AT 3L JO
adeys aq ssfusyD UONMGLISID 3T PUE SAEM TUMIP AUELE U1 PARQLISTP 2 U3
S3ZI5 NEIPIULISNET 3 ‘Sxie apued psolie] puR SI(jews A4 O ST AN UG
“gazys aprued Jo ST0RL 0 ) JO SISEUND [ELXTD S JENEG ‘N [aesd pur
PUEs 10 pUES B 0 wondussap (Rt O SArE 0) POEN 30 UED peos 30w affurs op)
‘eI J3sreca o) Funuassaadas sains sy o wed peq fuzaenbs pue ‘uonoely ooy
a1 simasaudag yeqy aama o jo wed oy Sunefuopa jo 1age s sy sig) Hureado
A 10 TS MITURd UL 20) A[EIE INUGILERD] B J0 I50 N[ S UONEUEA PUOXIS Y
001 WL PHITNQNS 30 1SAE
pammal 1uaasad s “puwy Lo agl uo Buissed waned Funerd wused o~
~JE] 20 WL PIPACAIL A0 L) YR JIUUR JWES g1 Ut SiyFEm aanemmna sy fusn
syrmesd ST SENESS Anpasad [Ead0] 21 ST [ [RIMLAA ) U0 paorEl jueded
Fumopd ‘sasamol] PrEsTMOp 5o peapsan iqu o1 3] woy presdn s3dojs 1 05 3ans
o) Furseassd JO 135S 1 YRy ST "PAUTEI Juankad jo pEAIsUl J[ES [EINSAA S UD
panopd 51 24218 uaard v Sursed [EUEW §O (w2 ‘OO EURA DOUIKIOD 150U 3G1 U]
a1ay PIESNISIP JE0Y) URYL AQuaragip panopd 208 JEl §3AUND UONNGRASTP AI18
-l N 0] UOISEXD0 3 AR AE) NG 18] ST 01 PI[EI 51 UONUINY S0
siy Surpopd U SUOUEUEA [RISASS 380 SRR UMD 3G U1 seUriug CS[EUNEWL
sepnuesd jo sadi) 20 AURE pUE SPUES E[L ‘SWEP PUE SIUSLUTGULD 10 S[ELENE
e ‘puEs Lrpunag pues 2000 yo Burpesd oy jwasasdai 0f pasn e ay | Ansnput
13 129RMm 11 U Weyl S0 suonestjdde (U AR S3AIN3 UORRGLIISID JT15-UTRID)
"l QT WENL Jaun st juadiad g pue ul 970 wey
1351m0d st apduwes au Jo uadead Op 10 W gog) U1 GE(0 1 XS pues yuaasad-0g
1) AR JM[IOUR U 202 ) BuTpEXy] IS SIY) WSl JS{[EWs 51 juaosad ] pue (W
£2°0) UL {0070 uey a8 suresd pues jo s1s1su00 Ajdwes ag1 jo wadsad Of 1EYN SMOYS
G171 amdrg ur aams ay “apdwexs 104 s prued uaad v oy 281e] 10 D[EWE 51
TELzE dures 34 0 AN w0l souEd B 18 SMOUS 2400 UONNGLISTP sEs-unerd 2g |

34Im) UOHBGLISIC AEIS-UIKD

amnpadosd UONEINMLIPIS 10 SISA[EUE
34215 AIDIRIOGR] B 58 JIRIMINE ST 100 SI POYLIW ST 115U JUEs 3L L|[ENU2SS SEY
[EUSIEE 95 [[B POWNSSE $1 1] ‘3A0QE PISSHISIP AMpactud ag1 o Jeiwis puuew @ Ul
pantopd 3q UM 0TI SIUA0A 2530 [ PAIEEI [ELIRL JO JUROLUIE JATIR[OWUTD 341 pUE

[0 SERATYNY 715 LNAWHKERS 30 SOOGHLIN (XY SNETHS TTAM

43



AED Design Requirements
Well Pumps & Well Design

OIS S1Y] U1 PRqUISHp SI003E] 22001 ) jo
WHPRIIPISUOD [NJA0ed 5 SJNINIW [2Aerd pUe pUes puE pues WI[p o sPIant aane@s
Y1 NEWNED OF #|q1se0d 511 200D [BINIRM Yiin SEIYLIIAIN] PAIAOIEP U
124 sey Apesusd papdde aq Aew ey wonERLGD Aqepuadap 0w 1ng “AlAnInpucd
MMEIPAY 51 pUE yuawIpas ® o Juipesd s usamiag digsuonei adwis ® puy o
pounogaad U IATY SAPAIS AL PUR 51530 AURY AMI WONNQUISIP is-uiesd
a1 weog) Apaeap Aananpuod aNneipdy ARnaed 01 {esm Rnaoe ou 128 5 g
wonmndgues k- e, © gitae sapdwes o punoj
ase wegl sanireoaod syfny Sunaey spdwes jwasuda f[Ensn sasana padeys-g e jnsad
1Y SEONNGUSTD 3215 [RLIRW J8IT03 JO 101, © $TL 240D (] ST S0 “SUonngL]
S1p paduys-g [endd A £34003 7 HELD PUR Y SSE YL pue g1 7] amfig U1 aaims
ay ] ‘eanid puw puTs o AT B JO 300U 3o juacusd ¢ $5RInSued [aaesd vagm
PHIOISIP SIMWOABY 34003 3171 Jo duys-g 2] saarnd Fupsged-juaasad 2 oy Lo pardde
Apsadosd g1 sig gEnoque ‘saainy padeys-g S8 O) PRI AE UOTINE JABM PUE J31EM
Sumrung Aq paisodap S[ELNEN JE[MUEELE 1500 10 524003 OTIRGLISIP 221s-UTesd 2y ]
‘f S M[EA 11 "IAIND 7 SEEL)
YL 0§ 17 $1 OIS0 KIULGJIUN Y1 A0 g $SEL Y1 J0 [(wue §70) Ul g00°0 Aq

STTEM CINY W LY AR R i

PprATp (i 500} 01 700 677 519171 sundg ur apdures ) o) UMM ST
YL SEuEW jaed-say Jo Anuuapun pansap ol Suigusap 10 pans [jae 51
°§ URGL SEI) $1 An[EA S10 w3gs Ko nyfuiuesw sy ] paprsd A[UIo)Iun JgUer A iEyy
SELAIT 0 uonExdde eanoead ul paiw] ) wHAees Anuuepun sy Suped
waogun ssaf wasasday sanea SRR sl 9521 usampaq Ipdwes A jo Foped
FYB 1 WSOFIUN SI0U L AN SI]JAM0] AL TS PRI 106 A1 Aq PIPLALp
WSUIPIE ) JO 3X15 PAUIEI 1Uadsad-0f 21 §8 PIUYIP 51 U0 SIEIogin s
aanaas Jo wap a1 padope ay awnl JWES Al 1B uaIzeH Aq pado[aslp sem
G JUIEIE00 KITULOJTEn SY1 61 A[SATSUNIXS PN ST ISYI WD) JU0) SAEM [RISA3S UL
PHLINSP 30 UEI JALND UONNGLISP szis-uiesd v go wonsod sofew i 1o sdog gL

aun) jo adeqs pue adops

Jeanall aug Lma PUE diime
PUE pUTE JRIEGD JOJ IR (] SEE) TTLL AmB L pUE 3EINOD 36] 3LERD ) SN[ C[TT] amdig

L U |0 RPN I LD L PR T e
0OLO8 OF 0L 09 09 0 OF O O O3 06 OF 0L 0B OF ¢ OF 0T QL
—_— - 7 - .|l.n.--.| .

|
|
|
LI

[ |

EEEEEE R

DR 1SR]SR
T
I
]
I
i
i
T
_r
|
Il
L]
11
Il
EREE SRS REE®
RN UL SAELn

|
|
1 |
[
|
I
1
A
T

g
|
|

Ea#.!!k..!ﬁauéﬂnh PR sy 30) aama ¥ sERy gl sanig
L SLADARSOUS "RE LD U DU I A
a_rgnaﬂ_” _u-_um or 0E .ﬁh|_u_.| ._H__.T_hlnﬁl_x.nﬂril.hpo G_.
[(TTTTTTT & | i
[ |1lﬁu_"x’l.vl£..|-iluﬂll a0 | - L dat
B O
| || o | | |
|1 11 oF T _. e
—t——1 =t - _..__nm 11T T m ¥
i T Wl
B .llh e _”_.__.m T It ]u_..m
K1 J T Hos 0 ] O .
o8 1 o
I O O
¥ SISATYNY TURS I NTWHTES A0 SOOHLIN O8V SHETHLS THM

44



AED Design Requirements
Well Pumps & Well Design

SIS BINGRESIP-aryE-S el o RReq Syl UG PAEWESD 3 UEd Ol pe NREpi pl andig

= B , PRI
poe. | e | s Py
i
U RIpuEEnO.y ers usLD pue Guneoo o .
GB\_GI o 000 06 ¢8O0 @9 05 O O 05 O
Fd
__ / ....f/ N ,..__-_x
i A g - o1
N O I MY .T
—~1_ 1 | Bo.«uu..../ Sm;naf ar1 = g1
—=={ ] —_ I -1 o
B, \ / xr o
././,... 000’ = 5~ F_ﬁ T ...___
- — o s 0%
N =N I
- N\ Nl (AN, §
E.u.ﬂni.mlx.y .__/ |
|A : _ Lﬂ!. .
E U
N
[
g |umt B of edbektar O

QN BedTE PAVRENA EN

w53 £ PIMA (01 1 yEnog uaad Aauange
aayeand poe Aedes aoeds YA UQ0 O) PIUAAEIS 3G ARW Jmbe gl jo uansad
0F 5B ganw s ‘siapmbe daap Ryl ul AEMInsed J2a3m0q ‘SISED MUOS U] sz inbe
pauguooun snosuadowoy soj ufsop wnwmde A sapracad o (W L6E) U OST
wEy) §53] JAINDE UE JO JIEY-a00 O PITI-3U0 W0J0q A1) J0 FUiuaasIs 1RH1 Um0 Sy
aousuadxy PUE FEONEISPISEOD [EIAI0N]] uainbl peuyiosuy modsaiausf t|
]
waar® ase suonenies [eadojosBorpiy (padiy snoy 30) sy1dus] s PIPUMNLNIOISY
3inbe a1 Jo sIu0E Jananpoad agi SERInaNe
ysom Furonoenap ur pagnsnl G UES 1RY) 1500 ) MNP 129foad (g @ Sutuisaod
LIGIIE] IEONOIY “IGrssod ST pasn & pINoYs sanbiuyan 3sag jo duew sy -panedxa ag
PINOYS 1BY1 SIUOT 41 U0 BHIRLLIOJUT [N2sn sapiacsd asoqe past anbiagan 4aeg
SPOYIR UoNEIOpdND SNOEEA Y1 jO SIEA[EUR U J0p §
sandE) 235 [Rjasn AjFUEITIED S0 OS[E SA3AINS Jaw-A11013 4 A1ANIBPUSY SneRIpAy
15y 9g1 Futaey sauoz aeso| d[ay ues sanbiogosn Jurdol emsigdoad soyareg ¢
{EadE] yaEs 10§ SSIIY) A1 sAUN AIEANIMPUOS Srpnespdy gy sjenbe dnassiw
-sues)) apnbe gy jo s1ake] [T J0g San(Es AASIUSUED [ENRLAIDUL 21 Fuippe A
PAUTULISEIP 3G U wed KNAISSTUWSURN Japimby "AIananpuod snesply aq1 funens

13 NOISI TTM WALYAS

<[ a0y mEp spracad s50] peay Buipucdsaios oy pue ‘mOf JO MED N[} 'SINS0 MO[
g YEROGIY] B0 3} JO SIUNUMNSEI [ELREW ML jo spdwes & gInosg) soy o)
PasnED S1 INEM 1530 SI U] "uonewsc) FuLreag-aaes M) Jo s5EE] [ENPIATPEL 103530
~dag ey sapdures uo paunopad 3q UES 51531 AANSNpUCD MNEIpAY AmRioqeT p
“AMATIANPUOD SNEIPAY BURINEA Jg) PuUE S[ELSER 1INbE jo uonngu
~S1p 2T1E-UIRIE ) waam)aq dIgsuonean sg sepu pof | unfig o pauasasd sasama
AL CPAs UOTVERLr 10 eduaun CEsnpor Sug woly $p0wes wonewe) paaajas
a0 patangad 3q SIEATEUE A% VR papuaLEeaas AyBuy st apdwes (aea po Lan
SIAPEOS M[RRIPAY AR 3G AEMPUL Ued S0 srn-uresd jo wosuredure) “1ajmbe
Ay 01 SISAE] SNOLIEA YL WOy UayEl SApdWes WoL Jpel ) ued saRA[EuR aalg f
“rake] ) JO SEININ) PUE ‘AE]D PUE IS JO HIT] ‘SSIUISIE0D PIAIIS
30 31 WO PAEWINES S JAAL] YIEI Jo ANAISSIUISURI JATIBIM QL J3KE] Juaunpas
qaes Bunuasasday sapdwes jo apem 39 wer uosuedwoed pue vopaadsur ensty, T
JFNEYS pUR umop]nd pue an vonensasd S50 ping se
§ans sIsUAORIEGS SUMUpP 00 S1UIWwod pue §o) s LAUp Y jo uenmaadingg ‘|
sanbgaa fuveoqjof
Y JO AU 10 U0 AQ PTG UED SIAAE] aanonposd 150U ) JO UGTEUTWISLA]
"Aananpuos snespdy 1y s fuaey sauoz oyl vl paowd 2GS0 e 3 e
wed wEIuT Sg1 ‘SnEL SN0 WEY 22T SU0UE ISR ([ia (SUOZLION) fa00E uiEus
‘sainbe Oaa Srenuns ) sjimbe Sy jo GoTENYIENS JY) JO AMED PUR “UAOPWELD
ANEIRAT JAPEABE I J0 SHIUHHY) IY] UO PISTQ S U ([ 0 QB0 wowndo )

HLONIT NATHIS TTAM

TWON0 A1 pUEsel 3aowm sSauefuem pue won
SE gong sutd Aapay do1 agn Jedu poenusawod aq (s i semosow sop Suaeyg
SIBUTAEIROS 10 JpYINs waBorpiy se gans sased fue ey S0 &1 0 Sagmbe ue w
anyadue seadde few e Apenb-wo yinoqiy paiejost aq pnoys aes Hienb
rasood Fupsreiucs Jajinbe ag o uonsod v ol PAf[LEp MOy M jo wed fuy Eiem
S|RISIPUN 31 PIOAE J[bn 1R [IdIP © 01 pAAWeD 3G PIROYS [[3m 3G S5E s U]
saginbe e Jo wed ut punag $1 s Sfenb-200d UL SpEW St uondaaxs pag) v
Japinbe U jo Welog i o ([UP o) [ENW0N0SY 3 10U A
11 AU COIAIPY MIN] UL IIATY IPURLD OFF ) BUOE SIIS0MIP [PARIE pUR puRS 1)
PUE JuciSpURS ofeaBp] AL SB QINS ‘SIINDE XM APWan s u s uondaoxa oy
PAYNUIPI 3 UED SIU0E Iananpoad ysow sy 1ey) os sapinbe aumue aygn nenauad
PInOYs s3[0y Jojid [y “gnbe g jo wed sofew ) JUTWAO) ISOY) UEY) WIDJIUN
53] W IEY S[ELEW JO SEU0d fjuownwed rapnbe fue o sued sawmo] pue saddn
WANKD YN AUCWINUN] FHInbE PIULUOD “WLIoJIun Bl u3ads Jo qifua] uaard v jo
2SN VIS A0 IFEW OF PIAC]0] SIWNNN0S 201280 € 2mbe 21 jo woneg pue
d01 341 WA PAIIIUAD 1 UAIEIS ([ IY] UM IPEW ST RS S 01 vondaows oy
Gundwndizao jo wg@nosp auaaas
Jo spouad Suunp uaa2 pRik ([ UTEINTEW 01 JEIIRAR 51 UMOPMEBIP IUJIMYNG f
Pk 3 1nead Supmaead ‘HqEEAR IPEW M UED UMOPMEBID U0 T
“hyedes seeds sag@ng o Fungnsas
A DL JO UDTIOD BYEINT G S8 PATLIN 3 UED SSIFHL JfNbE A Jo 20p L
SHEREI J3)mbe JE1 Jo Moo ayl o) paapdiog 3 pROES (12w B LRIauasy
[l vonsnposd s po Suhjup s Tuling waye EEp pue "EonBUIo) M jo sieljee
Easiydosd sginbe JWEs 3 Ul §]jae Agieau S0 jo sPo| Idures 3oy 153 € o

FTEM ONY Y3 LY OHD i

45



AED Design Requirements
Well Pumps & Well Design

SYIPUESNOYL M3 € 0 SsEut uy (5 g | andig) sBuruado 1005 2y Funaxes ul spnine|
131eu8 sey suFisap ) “PARSE puR puRs SSIBCD JO SISISUOD UOIEULIG) 38 DAL
“passajaad aw (UMW sapnbe
g1 Jo uEaidd 0§ 01 (b UIELS [[IW 101 SIS 10[S ‘SUOTIPUOD 35YL JApU) "pALes
{2 §1 BP0 3 () PUE “wniwsad TR S awn uaudojaaap (f) Eune s
pauresd-aul) Ag UIRPIA0 PUE U1 51 a3nbe sy (7} “sapdwies 2y jo Q1R 30 In0qe
HNOP JUI0F $1 2038 (1) U AGESIAPE 3 SEW UONIAFE 1005 JANTAIISLE 0 Y
3 31 I3 0 [BLIEME JISRED UL SMO[E pUE
[esanecy BurdpLig Jo JUNOWE Y1 $330Pal S|RLIJEW SNOMBHED YL JO [EAOIIY "Palen
poe s [ 31 31 AIPEA0 2A[OSSIP garge (SI03WERL [[aY5) SUONRILLIG) SNOJIEMED
ut pasn st Fmuado 105 IANEALSN0S ¥ WwHGgosd B on ARl 1 Uorseliod wWol
Junusiinus 108 (3915 SEIUIRIE §1 UIBAS Ayl j] ‘pues dwnd o1 [lam N MOJE PO
WOES0LI0D A PISNED YU UE J0 SYIpUBSNOL v Ljuo jo sSuiusdo g jo wawadeus
SENEIIQ "PISN AT SUIME 3315 UOGIEI-M] J1 20 JAISCLIOD S IR JYL J1 SrSla ST ITTS
105 sajpews @ Bunasag Hdwes g o LIIGENRE L INKE WO A0S SE2 I 10
AAISOLI0D AU 51 JAEN 21 J1 UA0D 51 T8 paumas-juatsd-00 2 paey e
) B0 SHAWES gy Jo KLU 21 IN0GE 1QROp I SIS UMM PUT JalS0L0D
Apenared 100 SEIIIEMPUneE 301 U J0p £ensn s1S1g ] "PIUTEIA 2 [t Tmacuad
(O pue ssed [[Ln (LS 3L o 03 g qangs YyENOIY) 10[5 € 129fas 01 5 gareosdde
eatdAy 2 “siouepes sneauafowoquen Jo0j S0 K0[S 100100 M1 JUILINIP O]
Fmdwnd Founp e 3l SIS UMOPMEID
i saonpar sjeuaew papeid o o fiananpucd aneapdy pue QEouod pasEard
SN "USAIE Ayl WO PIEAING (W90 ¢ £'0) 1 T 01 | Furpoaixs s{eiEnew uonewgg
papeid jo auoz & Funean ul sineas aoned sy puawdopraap SULNp ([ 20 wWosy
podwnd pue E33E38 1 09U 1YENOIG AT HOYAI0 Y1 JEIW S[ELININID UGTITWIG) Jaul)
Y1 JO IBGLE 1R} OF PAIDIS 1 926 JO[S UIALIE I [ padoqasap A[eImeu & uj

s padepaang AQeaniey 10 BORRAIS 10]S HAAE

g 13y wn passnasip e saanpasosd Surduies swajgosd
Fuydues asayn senui (s pduans B8 eu 16 3| sey Ep prog Surup auzuijod
B JO 250 4] S[RLISIEL 0TI [ER1IE 3 WEL J3SFEd 3 s apdumes 2 SRy
ud prw agl w no Surnas wog Wl pusaasd puE s lapnbe suy uresnus
AW EANMIPPE SED Yilw JpEIL SN Buppup snoosia By ‘puEy Q10 Syl U
“20RpINE 31 18 UINE) SIS W1 SHed aulp jo wonaodoud sy e ui Sunjns
g SApEnuArap [BUNEW Jaug Ul [nd SR apogaing i AU JANEN TOTITLLIOY
“E20URAPE 1 ML ¥ "UONEWLG] ) UL S[ELIEWE 2 OB M1 UL I3ug g o1 puN
20wpang M v paradped sapdoes Fuup e ug ‘3| WEs L J0 SIRINIIT Y1 IXIGHE 05
Apw powgiat Fuiup ag | uapangidad 3w neaEue a0 yinowyipe ‘sapnbe Sy woy
sBu1ng Ayl Ul PIPNEIET G uall AR SEUINEW Jul aEaY ] CpAIUP Aunad) s1 saginbe )
iy prag Burp g ue uorsuadsns un1day aq A sginbe a1 TuApano SuonEuLIo)
Wog) FENTW Uy ST awes 0] ulisap uiads syl Ul PAIIpISUOD 3q MROYS pUE
Juagasd 20 S4B RIMIEE J1 mOUS PIROYS [j3e 341 J0 Ao ay L AIRSEIca0 UEYL J[EWS
aUE JEL) SITES 10[F PRPUSLLEIOIA 01 PE puR sapdies MNBUTUTIEOD WES pIn] Suup
agy o3 pappe Avp Fuijup AIH0s U] PIUIRKGO 3G 03 E INRM Jal-pUTS PO TR
wnmxEm g1 sHdwes MEnoe uo pased 3 wnw stumade ogE sy 0 ufisap oy L
‘woneuus) Fuseag-rares a1 funuasasdas sajdwes op F1Ep SSROT-34AMS j0 Apmis
¥ U0d) OIS A0E POYIAW Jgua da) stunado o uanes [aa yaed sy e dulsn

f3ad ROESHI T HilLVM

padofaaap 153q e sjeuiEw snosuafomwoy peuer-aul STMHL AfEmTg pRiopasp
3q uEd [EUT snosudowoyuou PouTRIB-aSIT0]) CS[ELIANEWE Sgnbe Syl 10 3AINd
uonngUISIP-STIs-Ue 21 0 Anieu ) ue SUTmUd puadap (s ([ aenansed g aog
201012 ) puv AIEysTIEs 51 uBsep Sy paaed 131y 10 padajaaap ApEInITU SL 3%
a1 sagiagm uo Buipuadap 3P UEd VONEULIO) Jes 3 o) sTuusdo 10)s ULg

SONINAJO LOTS NIFHIS TTIM

‘pausaLss 5q pinogs srafe] sqesuwsd 1sow g
10 1uaanad (g 01 (g ‘sapnbe jo adA1 s ug sl PN FROGUATREOGRON T
sliaw daap 1sow Burusauds Aeduiod up paijnsas dary
S1503 UIHEIE Jam0] PUE SPURILp saies 13y admony SAEpO . "UONEIO] 21 0 $3U0Z
ajqeawad £53] b wn paoupd Fuised yuT Yilw PAORASIANNT U0 a2 SUS jsed 3y
up 2InbE 2N U woTNE UsalaE ) FULIIUID A PAUTEIGE AT SRS 1S3 “1zpmbe
amua s Suuaanss fg paureigo 2q pros ey fmpedes ayieds sy o waad ¢ o
06 INCGE BITIqe 01 3)qissod ¥ 9YEW NI s o1 Fuipaoade uasoys splua) waasog
“Hurdwnd Fuunp
sapmbe pIEIpUOIUN R 3] puodsad [t J3pnbE 31 SN0 S U A, eie) Surugues
Jaddn 3Ub J0 WON0G M) A0 UWROR [[as ) MEIp 0} Aressa0au g Avm 11 Eadmol
‘PO ST UMOPMEIP FGEIRAR 3q1 J] SjInbE g1 jo dol M o g Lswon
~u310d ) UEOL) JOURISIP 3Y1 M PIROYS SHOTIIPUGD PIULUGD WL S[[am 10) UROPMEID
SPQE[TEAT WINWTNER “1ajmbe 3y po doy 3g mopaq o o1 pa1aadsa 10U §1[2a0] 1318 Jm
~duand ) 18Y1 Futiensse PIUSINS 3 PIROYS IHIWEPSS TuLeaq-13em 3 10 S50
3 o wuoauad gg o1 (g ‘rapinbe Jo addy siqu g safinby paeieoy sosnadomol f
EEAMN{AIL
sapmbe a1 o pagi-sun Spreunxosdde g pproys yilus] usays o) aq Iqesed
I CAqUpEAr &1 UwOPMEID WNWIGEW 1991 0F Japnbe 300 jo sueiuod Jamo] sy o
s1a4T] #qeaesd 150w ) U1 PAU0NIEod 2L SUOTIES USDIIE S0 UIDUXE ML IR ST UoHE
-t Apuo sy sspmbe jo adf s on Sidde ospe siapnbe pauguoonn snoxesBew0y
sop uBisap (12w Jo sypdund omwg syl anbnbp payloou) mosuaiowoyuoy g
“praid soveasd wwasead ¢y AU W SIS
umopmerp 12 uasead gp ‘SAYL WRmIYEn 511 o waaead g4 01 ST Fnos
Pl qas  Hgssod (UROWE 31 J0 MM g4 01 PISTAIUT 3w UMOPMEBIP M
J1 UMOPMEIP WNWKEL L J0 1u33ead ¢ JE PIRaLA wnuew jo juasd gg saanposd
13 211 VBN Smoys £1°g Andi] puswnipes Fuueageanes gl jo SEA0RIYE 3 SN
0] EPAAIND TRl UMOPMEIR B 18 I3[NDE PAUU0Iun ue un [jas & dwnd o) juiodpues
(arnespiy} EaN2209y & wed) [Eanaeadu s g g LG 2n@g g sde) Ul asmols sy
EASEALINT WaOP
i s Apaedes paods ur $507 ) SAEILNUTL TRY) U305 [[am UMl ue Bwsn dq
“ued U1 PaYSITES e swe Bunsiuod oml 3L apqissod uaass sy sy Busn
LIGA) SIASH WADPWEIP J|GRIIEAT 2500 "puBy 1210 3y ug) -fsedes sygoads furseans
-on Ag3sag) *AN20J3s AIURILS PUE o) 10 2300310103 SI0NPA SIY L Alq1ss0d U
ysaftuo) 2 Fursn g pauieigo s1 Anedes Jgaeds g pury U0 S UQ TSIFIIE) Oml
uzaag astmosdis B 81 YIBus] uI0s o wona|as ‘s mbe pIIYEONEN U1 S| 104
Fudwnd Tuunp paaiesnap 51 ed 1addn
21 asnEaq aaginbie 2y Jo wonsod samo] Sl 01 paucnsad §1 e [l AT T
30 aymw dwnd g jo don o asoqe Spydgs paureere staas] s Supdund s
“Cyrande wnmrE 18 e o8 padund AEnsn stanbe pauleoIun ue ot e ¥

ST CIAY ALV AR Y (4%

46



AED Design Requirements
Well Pumps & Well Design

‘a3t
PEES pagpIEns ¥ ] siakw snogaws agy Bupuas
“apdla) BIAIND DOYE|INS|P-T|S-uEs) L'E] aanlyg

i

AN

37
4

B8 E %R TRER

L

oo

_
F__:-._%
'PIUTULIZISP UMl 51 ‘azis quaarad-gp
S} MO|H] PUR JAOQE ‘5305 1008 J0 aFuma
v opE 1 andig ur faaind agn wog paew
“1152 24 UMl ued LANINPUOd AneIp
-y L Cpapaodds are ‘apdwes aed jo
$2215 pamiEias-iuanad-f pue e 05 10
“aade] yaed o sAuRL pue gidap sy

“sapdues jo sagquunu s8ie) ¢ Junmedurod o)
Iaaam0t C[npasn APWanD S HoEr M
“apqE WHSIP B INOYILa A[IPEM PAI[IS 3
R SIALE] 0a) A[UD J0 UOTNEELIO) B U1 pasn
3 01 UAREIS B 0T SITE 1005 (111 AGEL
pue gg] anfig) agm udisap € o1 von
-BULIGIUL 351 paoal pUE womses sgded
SR S YNIE ‘UONENLE S NEA[EAD
O] PIDILIE 4 [[Iw 1pinbe 2y Jo pag
=300 faewivordde 1eg) suwam gangm
‘UONELLIGY AL 30 Y ¢F Samo] 2y) Jo Bm
U3 104 513 USSP OO PRI IP
aq 0s[E piroygs Jpmbe sy Buiipoao e
PO (BRI Ay 30 3zs unesd ay )

“§auga [ 19) 4 0T 134nbe pauguosun ue |
Jo(w g'g1) Y £9 1amo] o dn e ey |

S1ake] INGY 41 10§ WOROGQUISIP 3Z1s-uresd
sy woasaadag g aunfig wr saaamd gL
e ur Ag pHERSA)[ 153G 51 SUON
-EPUIWOIM Ol A1 Jo wonexddy
"IN

usyl pinos Fudwnd pues fpues auy |
agy gus R0 o auod of ‘sfouado |

sopensod Jugup g g
AN []an I 1T PGLEIEE A5 SUCTIAN M ] TS
FO[S AUTRL 3AWy UED 1EyY SR 0 (@ 19 g o0g e
s U 1T AU SRt 0T EN0NTIIUGe TR0,

05 daoge 1snl Fund] sjuawpas agy ‘ydwe
-X3 SN U] wauas ayl jo do1 sy e surd
-2q slutuads 1005 3L J0 UONIEE (e
B A1 0 1uaaad (i UIEIaL 1R 3218 1018
ud paseq §1 WHsHp 2yt o5 "apdusexs sy ul
PWINEET A0 SUONIPUY JuMUdO[EAIp puE
Arenb sxem JPuEaay Y O6F V2 SI 02D
s Jo doy augy ‘sagmbe 2y jo wed 12w
I Ul PA[EISUL 81 LUIII5 140 B J]
"SIIAR] JAL0 S FULIAPIEU0D IN0L1Ln
33K¥] PAROST GIU3 U1 UAAIDE B J0) PSP
1003 3 PO 1R SI0[EA 3G PINOYS 3531 [

Ltk SOHER] T ALY

saflim] o) sEy YMIEMm UIREE SG1 JO WoNaas dol g preusad £[ses uEs sig ) anoo few
Lok puEs-sul Suriaae g jo fudwngs Guaudo|aap JULnp pIA0LNAL 51 RIS
F3SIBO3 3U1 JO UOTAEI] S5 YL §Y "SIDAB] 0l JL1 U1 fampunog 2y 18 sutdag pues
JISTEGD G 11 01 PAIIE STUILD Yalm B A1 JO WONISS U1 JEIF PIMTI0] 100 51
SUCTIEPUIWWOAAL JA0dqE 1 O 1550 a1 J1 uaddey ues 1wy sansofl §gl andg
ssanza0 Furiias e Apyds poemdmop
saaow sade] 1suy Bunipaan g jo wonsoed UL SOA] AN FL PUNGIE |RLEEL
JO JUHFNINIIE WS U] FYNEL UONITY SIEE JO [RAOWY sgasoud Jwawdogaaap sy
funnp usaess 11 yInoauyl MU [[la UIUXE Y] JEI [BLINEUE USHELLOL 312 uaazad
09 MOGE TEYL SHEJIPUT UOK3S(3S TS0 Joj IpnB oy HQEIAL 10U U sajdures
10 JE 20 ARINI0E PAUILLINID 133G 10U $2Y 1ake] gaea o woneso] a1 ;1 pues dund
Aue jram 21 veqr A1gqessod 11 Sa0npas SUONERUIWIIEIET W] IS0 uaneddy
‘200 10 (W 9l U T SO SINIMINT WIS IIA0 JUGP 3] PIROYS ATIE
1048 341 30 Furgnog] (AW 130l SULALEAG 391 J0j TS 1005 IY1 AGROP LEQ) 20U
3q 10U PINOYS 19HIE00 WONTWI0) S YrEaug (W 600 Y E Jafe] SIRO3 A1 WY pAIEIS
AT UOTI2SE W3R AU 30j TS 10JS M1 EHNRM JSIB0D SHAAC |TLIILEW Jul 3] ‘T
il “M0]30 J3AR] FEIR0D S| OLUT [ELSIRUL 20 Y1 a0y pauBisap
W3R A IO (U 6700 i € 1SEI] VE PUAIED [ELIFEW JEIROX S0 [ELFEWE UL 3] )
-uaanns 1oqs-apdnr ¢ 1) shunuado j0fs BUNoaIs uags Sadaoy “pPaRol)
30 PIMONS SUOIEPUIWLONG [FUSIIPPE om ] *IFIEINI0E PIUTLIANSP U 3AEY sidap
a1 pue MYy (s 771 U o ISEH 1B uE SIRAE] AU 1 ‘SIAR] JUALIEP DY UL S[EUEEW
o uonepesd 2y 01 Juipeoode Us0Y2 29 AR LSS [[aw YL JO SUOTIS TSP 10)
sHunaade 1075 ‘SUOITULI0G S5} 10§ U336 FUILTSIP U4, ‘LN J0 spoLIad uoys faane
._.u._...u.-o fEa 01 pual SELINEW YUED 10 ulisodap puR WO o) apqrsuodsal gaos0)
i o yiuans ag Ssneg AJUOWIo? 1SOMW N30 SUONTLLLI0) SNOIIIR0LIYUOR]
esado o
2arsad XD 553) MGG PUR LWL 20U |24 351 Furyew ‘[lam s o Sede 291

~papeaii
aq qow sy juamdogaadp ag) T Jegs i
) b8 iR padopaiag LRI ¥ 10] Jund U0HNG
-pakipea]spEal sy wod) paIaaas ) Bejuado Wi
(g7 o0 - 1) S-RE000 0F 0F0°D ¥ SET M3

| 10w 0 BRI TR Ly
CE RN SR A RS
|

% 2

B | BT

¥ 8 E 8 % %

;}'

-ads a1 saseasoul Ajesusd s Cuans
Y1 PUNCIE AU0T Hgeatidd 20w gl
& jo juaudopasap 2y musad waaw uado
PUB 2255 105 2982 PHA [|[20 341 SIONPA
Surfingd arepaq paisadxd 29 UTd I 3N
-135 338uo] FUNSNISUL §1 2NEM 31 UMM
‘WX J0.f “EAE U0 WIS IY] ISEAD
-un JEy §321% 1005 3R] oyl Wod) paured
SANRIURAPE SUI JE "12a2m0Y “HI0m U
-do[asap axa jo 1503 ap Funissyo
“flas 3y doqaasp of paink
-3 AWM AYL SSEINUL (14 SIYL ssa00sd
yuswdopaaap 2 fuunp waas s gnoag
npinoag st OEUNEW MOW e Of
Apwo wread uzsoy sfutuado 2y J] TR
Jaginbi auy o 1wasd (F PUE O wod) Uil
AR 0]A0] “PARIIIS JTI5 10f5 YL U
Adofaaap Junnp oaas J[pa ag1 yBnoag
semd 0] [EUAELL [BUCGIIPRE JO IWAOIWE ||RLIS
B AUO SMOf[E 9FTS L00S D1 Ul yaut ue jo

FTTAM MY HALYMCINNCED 9ir

47



AED Design Requirements
Well Pumps & Well Design

Hundwnd 2 wo Surpuadap ‘posdea 248y SYIWOW [BEIAXE 2200 20 paapdwos 1 jjae s
Jaye Aepauran wrdag few Fupgdnogs sqp s fudaend-poes @ o Bugmea oy
A1 O SR A0 W) ARG AEnuIung s2(20Ued puR Swos sagmie sy ol sjoy
uzdo UE SE paysIuY 5|3 B J] Cwonewsop po add snup o sapdueed am nuogeyo
Ul SIUOISPUES A1) Y[ PUE IMQIED) M) PUR ‘EIOEIUUIRY JO SEAT JWOE Ul JuoSpung
UEPIGT Y1 “ELONE] YINOS PUE YUON UT JW0ISPUES EIONEC YL pARUdwD fpood
aie SIpInbE Ju0ispuEs aanonposd AUER FNGHPERS (GO PAIDPIOSHONIE
TUBIST{EJ 153, U1 SUTE[] Snpu] ag1 Jo s1yinbe pue ‘Ruekinog
ul puEs EURDS ML AINI] M3 U1 PUBS UBILEY IS4l CENSRIQIN] PUT SESUTY PR3]
¥, U1 uonEL0 g Eeedey g tuielg [ESe0]) JinD aq1 o sputs AL ] S apapu
pasaed S|y A[ERUIPIO AUE S[[AM YANM Ul SudnRwe) paunesd-auy jo sqdwerg
SPlAL F-pues
sy o) pea] Afiausd piaow sjie swes ssag) o Surpoed sy Burdwnd pues jo
SV AT 01 10 PEINPL ] 1SN SITIS KOS WIS AENEINQ SPIMA MOj 01 J3gU peay
A [2s padop@azp S[RIMIEY B SUONEWLIG) PaL0s A[uajiun ‘pounsiS-ouy ey o)
sapmbe axp jo suneu [easdyd agn £ parerap $1 uSsap paed 1)) SuonEnE 0 U]
uiisap g Ul 29 01 S WaO0ys ST AMEILMNIXD JHNTIS) pasn
e (we G1O0) UE Q000 SE (RS 52 sBuiuado U Yiiw Sl padoRasp Ajeinieu
EIEME PAE] WHGINGE UYL JO UTELY [EISPaC) JIRO 310 J0 SEUR MOos ul ‘adwerd pog
EAEs ) JO U00S (RIS Yy uo Furpusdap A[[Ensn ‘apqissed 1w SR Wl
UONEAID JU0S ‘(10) JO PENSUT pIsn g SEw (W [5g) Ul gZ0g 10 {w gETp) up
C10°D Jo v Eamo] @ ‘Sunsnem (auwane s1 108 g §1 PR passap agy Ajddns o
yinows yrard 5q pou Aum Aisedes BunUsuR § U305 A ISWEING ARITSIP QI0UE 3
A Suryaed J20]y ‘(U $7UQ) UL ] (°Q UEYL SH[EWS 51 UAWA0[IAIP [RINIEY B0 Pased
Furnado jo)s B pessnsd uf e s jo LU Jneapdy g1 3BT OF PaEn 3
wes shuruado pogs 1a8e] 1eg1 05 pasapisund 3q pinoys Jurgaed agy ‘suonvurog asag
ul frainbe fimopg puis) ueose pup JoAIe [oianifoanis] pees weoflun auly
PPN PASPIEE0S 3G POy Syaed 110y Ya1s Ul SN afojosd ameg
WIS T JO VONEJELSUL 3y} 10§ pasmbas weyy sade|
Yaneu 3q AR AP JOYA0q A "SRy | IAIWEID Ul (W 90§ 01 95¢) ST GT o1
1 WEYL S53] 51 TR Hogaog B aapdwoes SR0er (e ST Aeog asiaaa Spdurey 104
“faed 30 E po ueneqelsan a1 ambar Sew siu Supup wieiae jo asn ag Iaa0a0p
“PHITRIQC MY JUUED PIMA PAUISIp 341 1B 05 U215 2 o fnsedes Funiiusugn ag
SUEL] JEMLDo AP [EINTEY 4G PHEINP JZIS 1005 [[SWE a1 uaym snoadejueape o $1
yoed 520y v surEag Bui]|Up 2003 HUS B0 3G 15T UOTIANIEE0D || SY1 L PIEN 2 0
S[ELIAVEW 3} [[E U 10 “paEurwe] qdng are suawipas aq uays “pauresd auy pue
wisopiun Ay AR SIUMWPIs Y uAgm snoddelueape AEadsa 51 Furoed g
s pood i Sruorseao pasn
3§ 01 J0 SIS0 Kuopun s spoed 20)1 ‘raaamon “Seae umeas uf 7
Apapemncosdde 1o SIUMMY03 (IWLIOJIEN JABY SR I3 [ERUIMIRUOD 1S0JY WA
| JE3U SpELEIIELE ) J0 fanonpuos spnespiy pue dusoaod poofl aunsse 01 paos
[l 3q pnoys speuen yaed g waimdepaap aayge yoed )y o 1waaad g
oqE WTERT 01 pataagas ua 51 Juuado watuss [[am B I[ELISIEW UONBLIO) SG1 jO 180w
uTEr 01 uasoya 51 yoed A v TIae  JO IMaWEp SNNRIpAY AR Y SEEaLD
-Ul PUE [EUIIEW UOTIFWLIO] S} WOl waaas oyl saimredad auor uigl ApRanepa s
TEu W paped Sf|eeads yitn 1 Sunedag pur LS H0NTLEo) Suwes Butaowas ig
apqEauaEad SO0 SPEUL $1 LIRS (3w SR PUROIE A[PIPILIL JU0Z ) ‘S[[am payoed

ik NEHSEC T ALY A

004 88 Aarssiumsue ] sgenkry

00’ 0900 500 000'0E 0os'l 0T St
PEOD OET D ST00 g 000'l 1 |eaf-EsE
GE0°0 05070 SHID 000°0F 0007 07 |ERE-E9E
FI00 0T00 510D H5'a [ £ |EvEDsE
POETEIIY S04 | PAUIRINY S0 | PAEINITY %05 13/ pd¥) [T () )
) sy EREg % e e i

AN 10[S NN I0g AL WS CTTEL H9EL

~u20[y u] Burgaed g AQ 81 S[e Funadwod 1op pospaw Aremrud puooas ]
EEE I ELE IR

“galEm 3G
e puss Furdwnd jo Spgessod ) sonpaa Apead (e pae Apoeden syads 3jqissod
sy a1 aaanyse diay (s s3de] IUIWIPIs w2 1 of sBuado uaasis Jadoad gy jo
(] “USALIE 10(5-HATNIEE © S0 01 20U 08 $1503 11 JSAEI INE ([ I 18 sUSTIpuos
sagmbe 3@ Wy 01 U220 ML udisap wosnd PROYS J2udIsIp (jae S AQEQITAT R
; SIAIP UAMOWY WL SIAWES NRINIIE §]
S ) Y .-n_...h‘“n_.llwhuiu_ﬂ “ﬂﬂ!ﬁﬁ” "RET 2L Ul waogs
smoyrEs 03 HupeedaLInd SIT[S 100 (iju PASIADS 5 sEuruado UM IO 0TS paradued
0 [jpe 1) 938 qpAmIpRRS ﬁﬁmuium YL TS 1018 U0 B STY 033138 3L Y
Q. | sip o1 poe word " 965 o1 G6E 105 PAE
| -omp st UBALIS WO[SUO0E0T IO U € ' S6E
| e gafe) satuocag aas wred sqp ydEnog
waag "3EIS 105 U000 B JARY pIROys
PUE I3ULY 511 GAE OF fRE WOUT URUIPIE
3| ITI5 PROEIA-UEINRI-0F Y1 Swofio)
urede aas 100% 24 'Y £ N1 BHE WOl W
$9E 01 90F wedy (Ur Op)'0) PIGROP UEG
| arous o S WED 325 1048 S LE S1saFins
| uomepuswmoia puoaat a1 §o uoned
| =y 1 onE 18 sBurnado 1008 0-OZ0°70 Y1
ueI3aE 3y} Jo N Jano] gy sind sy L
et 561w00 FurkEapun agn oy §
15ea) 1 puayxa snu (1) £9¢ o QL) wan
| =238 whands doy gy o) sEumado Jauy My
‘UONTEPUALWOIAL 1511 3y Bunipddy
W QA0 124AE] 1SE] ML puUR
| ut QoD “1aAE| TXaU gL Ul OEO'D 3aE]
1w ayy sBummado 1018 W-070°0 ARy
pinoys sade] saddn Jg1 10 WOTLIIS UIALYE
1SRG Y EOF O O5F WO 15D 1R
| 40U SE UONNGLISIP 3715 JWTE M) ARy
spuampas Fuidpaso g 'sE 1R SR00E W
| 0TI Yiin U355 B 4G POUTRIAL 3G UES 1

£b

FTEM (Y LV AMINI0ED fir

48



AED Design Requirements
Well Pumps & Well Design

oed gy ynoa s$0) pEy S _
wonegesEl Tuunp uoneiedas s8] $53] 10 °7 JO WUMNNY00 Ammsopu |

S[RIITW

JO BORR[OSSIP A PISIED JWN[0A JO $50] Op] suresd nuenb w05 o 06

FIETHE TR TE e TN BETY R T0 0T

Plas gy

UMOPMEIP PRIAPIY

Airsouod pue Airananpuos dnespiy sagig suTerd papunod-las
s jusdo[aaap s8]

tuswdagassp BULnp [BUINTW J0 S50] 1T L]

afmurapy INEIN IR )

STEURAPY PAALAC PUE SIISUNIEINY]) NIU S| Apqeasaq LTET L

AT15 PAUTEIAL-UId-p Y1 PUT MLIGFIUN ST UONEULG) 3G JT adnnu ay) st g ol ¢
001 PUT p USSmENg JOLIE] T AG JOIWIPIS M) JO 2215 wwaasad-0p s Adnngy 7
23mbe a1 Jo SUONIE ApquERnLsd 00w g) w
pauorsod TI2095 J0 SUMDIE uaamiaq adid quEp S6n o1 puR spinbe ue jo suonsed
apgesoanun asoudt op sanaead pood 5111 SIOURISUL JLOS U] "1a5E] ST U0 PISEQ 2 (11
apdureea sopy w yed paggy e po wikap Sy (W LT pUR £ 770 Y 06 PUR G UIAM13Q
S| [FUMEW 1520 ag ] g (W g) 4 04 dapnbe ue wod) (e Sunwag-anee
[E2dA1 jo sapdwes omi jo Sutpes® oy ssmoys ) g | andig [EuaEw isaug o i) g
Jof SISA[RUR aA30s Y8 jo srseq gy uo qaed 30y A po Tuipesd syl 199195 SUonNRLL0
ML L] S2AIND SISA[EUE-DA31S JINKISUOD PUER PIUIILN 3G ) SLaLE] 3q1 as00y]y ']
oped s:y € furedisap m pase)o] A mojaq pauipine sdas ]
S[ELIAEW F#3IY
Fupsn jo sa@eiueape agi pue 3aed 3Ny B 10} SHISUIIRIEYD [EMWHNE pu [eMsigd
J|QENSHP AL SISH] T1E ] QR HQRASIPUN AT OS] [EUIRW oed 3Ny g1 u winsdLF
PUE ‘DUpAYEE “A[EYS o SHMIIE] AW 1300 Jnao0 Aew yaed ay) jo uonnossip [eiled
“arpia® ARgEis s1aatempunod oyl ji A LR[S "UosL 50 wWnfes jo sisodap funensaun
Fugaowal wp wEl Jagies yaud 1)5 sy jo syansed snoased(es Fupapossip vl wads aq
PIN0D PI3E 2G1 J0 1S0W PUR 18] pasinbad 30 (YSIEE [ M) )0 JUINNE] PR JENEIIQ
JEIIOdIET 51 SIY L I ARGEMO[E UOLILLOS © 81 [ELXNEW snoaeXes waad ¢ o1 dfy
“panapasd §1 sIURE SNOMENED URYD FYIRE SNGAYIS J0 Apsow Funssuod [eUNew
woed saagid sonspsaeieys Easigd 1 ose juenodun sB s aed Iy A jo Mty
ey syl syaed sy sop CIOLESNES 10U A[[ERSH IR S[RUINEW POYSNLD 10 Ul
g pEaE e s jo Aisoiod pun AN 31 3SEAIUT SISLNIRIYD S|
“IE1$ LLIOJILN € JO SUTRrS papunol-[|am UBI[D J0 1515000 pRoys [Eusew yaed g
CHBIOFIUN 30 PUE ISURID
g1 xaed Y} FSNEIDNG SISAR] 1SIEIB0O YL JO 1EYL WEYL IANEB s [RIBas A[jesausd
91 yamd a1 jo KNMATINPUCD NNEIPAY ML [RLSIEW 15250803 JO0 $1308] a1 WOk} mop)
g} LIS 10U S0P AJUIRUIRIO J3UUEW Sy 0 paias)es oed 1oy v pouaanas aq ol
1] 150N 2y Jo 2zrs wiesd g uo paseq aq pnogs xaed sy g jo Buperd gy

1§44 SNENSHT TTLW HALYM

] EBOS 1Y SIS “swagqosd 1wawm
“PURS WOYE] PUN MUARL A4 SE QIS SIS g s b 0n SUOTELLIG 0 S3dA1

potisjasd {imam s} Wl 1oed S04 'STEAMA  SSYL UE S|jam 10j poYIdads 3G pInoys

- =1 Suryoed Jay ‘aropasan ] CoonBN RIS
{ ag1 o1 Fmpuodsasios waass 1wE-adn
h F - & ufsap 01 pue 3k [ENPIATPUL 2B
waed sy i 1o ssawyangy pue vonsed ap A)asioasd

. z S & YNILYIP WAge 511 sanbe
BUSIUES(  pperd pounens Ayfiy awos pue tuord
-au sutefd Yy g o vonewsog weElin
g1 teuipoieD Yo jo susodap uiepd
[BISEOD JWOS [0JNIJY MIAN [RIIU2D O
UOITBULIG 3 PIURS 341 RILIORED 0 £3]
-[ep UinbRof wRg A jo sisodap eLanie

Furi, - Ay a0, sap] *puegs) Buo jo nonEuog

. b&lﬁk_ T dyiofepy 2y apnjpun sapdwexy Clusm

g -IPaS JSIB00 PUE “WNIPAW ‘MY o 5134

! ..u%nuﬂﬂ e o g Funewa@ige jo Esues saymbe awog
*ENE T csuonpws parpuuD) AUy

T "y 131 T I0) BAE 2E]
L SIULE JUILINE S3pLansd IO PITIS
=130 3y ] 'parmbal asags LU0 IapMoep
A[OYA0G Y] SERUM 1EY] ISWEALIIPUN
U 40 PAIBILI S1 UIDEIE | PUNCIE 2oBds
saflie] 2] CINCISPUES PAVEPI[OSUCINLE
ul paysiurf (s paysed-1[y v 10 spE
-3p UONITUISEOD 31 SAoNs §f] iy
"UIALIE JY) pue [[es Y1 yrog Funsoeddns “ajoraaog ay) jo sanuepniaog ) e
0] J12511 SIEPOWILOAIE [[Bw IOYI0OG JG1 PUT UL L UIIMISG PILIASHI [ELIAJEW
JEmuEsd ‘35007 FRRWED HNEd PUE VIS 31 1SWIEIT (] *PO YR PINED WONEULIO
gl J0 wonaes w Ry apqEsod 1] (iEw 30300 M PUR WIS I U] QTEREa
S20Bds PLOA SWOS ‘I|0YALeg U0 [ U1 BI20s b BUINS BV CSIUIWIPIS palEp
SIOSUOAUN 0] ISRAU0S U1 UANUdeEAsp SuLnp uaaeas agy surede dwngs Appeas 10w
S0P UOHEEIG JH1 'OS[Y 'UIMEIS L 10} Loddns [EINE] OU 10 | sIpLaad Ajjensn
[BLISIEW UGIBWIO) J51 1BYL $1 33)InbE Jucispues B furgied 1|1 10} UOSE IAOUY
Fuidwnd pues Lg paea wagosd urunuew Juipuaun ue
01 J[qEsagad §1 PEOLL U1 UONMPAE S “SSIIYIIAIN] e 3[0y-uado fiEnoiaad B o
Aedes ayoads sy saanpay Aj[ensn s pue yand I3[ B JO UONE|[EISUL L e
‘ppaamoy ‘ziuBosss o juraodi s13] pasn 3q ues sfuiuado uaards 1adie] 18] os sxaed
23W[ peprsd Aperads asn o) 2onoed uBIsap PO S1 1 IS0 “SUDTELLIO) YINS 204
WIS ML PUMOLE WY PAOAOLIAL 30 0) 3AEY AW JUMUIPIS §o sIUnowE 3IE] pus ‘2w
wawdo)aaap 2uop v annbas ARw [2az] wonuas wasad-gr M 1 Fuiuaeuss uaag
Jfuonuarae uaaad-jy uo paseq) sflas padop@aap Aemiee 58 o8R0 Wag) U o)
pannbay g AvL “I([EWS 20 W §70) UT gI00 30 sfuiuado Uaaias ‘pauiesd JuL aw
SIOISPUES JS0LL ISNEING "UIIIE [[am B 350 01 s2aaurfud ufisap=qiawe Suew sidwosd
Buryinogs pues 1oy (enuzted 2y widaq s Fuy@nogs dppinb aoeu g e Judund
ayy sagfng syl rawiador suesd pees o Fuiploy uawas 0 OROWE 3y puT apel

f
|
I,
m.
_

STTAN CINY HALY LI oFr

49



AED Design Requirements
Well Pumps & Well Design

PaU3AI3S Y 0F AEMARIPAY PHNIIUUOI ME PUE BULLNG ENRm AT SIUSWpes Turd]
=130 3] PIUSIEYS 33 SEY 1aginbe paunuod v o jusouad g aays g andig m
WIS SUDTIIPUOS 31 SWNSSE "ApduWIeTs 10,4 “paad (101 o1 Uoneas ur uesgnedisu) o
UOTHGLITEOD SHYE MOYS SWOTHEAI[RI "J3A0m 00 "JMIEM] U] 020056 ([ 241 o101 pue yoed
g 2y g3nosy) presasop dvejeousd wes ppnbe Bulipsao oe wesy es Hneg
P4 (12w 20 yuamfne [ yoed 120y € o ssuasaed ayp peyy pasaBing uasq sey g
WA ] JEIL SAITLIBA JUL) JA0UIH
PUE ‘[Es HOYI0G 3G ue Py Ju[up [ENpIsA AU umop Yexq Rurup Ag auop
admwep s neda o yaed ap aenauad o1 qe 3q 150w unpaoosd oxudoaasp 2
Ag pereals ATiaud gl SSne3q NNl (W £07) Ul g UWRYl 290w X 10U pnoys syaed
121 SUONIPUOD 1500 1apup 6 andeyy ur pauepdEa S8 CIRMIp A jaa 3 o
puFud oA Ip (Bl YD e 300 00 $1 00y y3ed 1y ¢ oy [RUa U ewIn] M
Of UGIVE[RS U1 [eUae qaed 21 S0) 1S urerd agy Jo ofel ) §1 50p0e) Jui[Ionued s
asneaaq ‘Surdwnd pues jo Anprgrssod U 290E 03 JNI] S0P SSIUNIEE Rud-131]1
(U gL} U1 E ISER] 1R ] USAEE M) PUNGIE EN[NUUE 3 18yl Apaads prnoys wiisap s
TUSAEIS MNUS Y1 PUNGLING [[ta (LMW 1Y J0 Jade] SNONENUCY B 1B Ansup o]
WIRENE (2w ay) punouns fsiadwed o [RuEiew s aadxd pue yargl w ¢ Ao 1
ey poed sy e aoupd 01 ‘Eaaamoy apquseda ] yeed 1y a1 ginosg Furssed
I3EM 30 K1D0134 0 J0 ssa{predal sapand nonEwag) M surerad jpnjssacons (ww
LTI U o) Uyl S5 O sSrgag) e g goed pams dpadosd B am eoqs womsiang
oSy op £0 HPEU 51530 AIOVRIOQRT WOINEILIG) B [DU103 PUT AT 01 papaan A[]enie st
sEapwep uresd sangy 1o oml Auo jo ssaryargy yaed B tanogauag) sapned uoreao)
1O UDIUNAT [ENUBGIGW 31 o pasedq 51 voneperd yaed sy jo doay) uiisap syl

A5 3N Jo SE2RIY]

suenepuaunuoig uldnsap
auprands 10) PNINSUOS 30 HAGLS SMRISAUED U333 S ‘parejdesues & yed 1y
UG WEY] AIOW JO IS0 IYY J] CPIUISE 3 S034E] Qoq e NmMp dew sosmarnbog
PIRLA a1 pue s)sodop Pues 33A0 LEW Spaq 1IMROq 3arg) ‘dures so.] "3[oeygaog
® Ul yaed sy o sEvE auoe Wyl Ao ([eIsun o) AIess200u 3q AR M A)[RUOISEING
TR agn oqur y2ed say oy ydnosn Juraow wony uMUIpes Jussard puE [ELHIEL
WOINELLIG) Y PO WO earueyaum apracad (s yaed 2] "peproar 3q WEd §)j5m Bu
-duend-pues Sdas FuroFaiog sy soqre) Afngases sooenuod pue saudisap (2 a1 )1
TTOR UL EL AoRA0G 391 Jo ApgEs 3y Ajpeedss s
agn wo gand 15y enxa daey o1 aansesd pood s yoed saipy ruonippe Sunessasu
"apoga0g Ayl ut sinoyiea jo aouasaud ap (eaaa few dop sadyes v jo s uswdo
-[aaap Fuunp ypoed gl jo 1uaALafiias J0) NEsUd W0 01 WIS ML IAOQE [[Am PUIKD
pinoys qaed syl f1°g] #quL wouy pambas yaed 1y Jo Awnpoa W1 AENED G
U el W 100 51 2 R aned ap apdwen ane o) EumEw gaed 1y M
Jo arowt 1o juaasad (g WIS [[v 1EYL A0 1005 WIS B 133028 ‘dans [euy v sy g
“apgrssod Ju
papoads 2q pinoys syed a5ay) 'SUOSE JMLOUEII IO S[ELATW yoed Iy [enun
-od O 5200N05 [E20] [[B 10} S3AIND WONAGLISIP=3TIS-0ed InIgqo PIROYs SH01MNU02
Tupug s 120es Jo Tunied DL H0p SQEIING CHR 0 SELIIEW HIY] SUenTL
g jo fuunioey sneipiy o1 seuxew Juddesd se asn Joj sHuedies se8 pue (1o
o) sjeuHew pues Sddns swag oS s|as Jes jo Supgied iy g0 Siuaeasnba
a1 1y AEpeas 1Byl spawEd pur spues papesd Ajuuogiun ‘ue3d jo sy3018 B aaey

£y NEMS] T WLV

wurd T e @ s dkdng: sty FUDEUR ENIY OF POSN SPag PUTE jO TGS L putE plded,

S[ELENEL 35341 2onpoad 18] SUWASL 81901 PUES pidul J0) PISh PUES I J¢ SI0UN0%E
(0] puny Ul dasy pnoys ssulisap o peusiem yaed sy Suodsap uagy, 1sed
HNQEUOSEA] T [ELSEW PP M) aonposd o) S|qissod 11 sajew spuiod Jsag) jo gaes
1® afues apqmdacce ue sxpddns yoed saify sy Fularn EuRiEw oed g jo venepesd
pamsap M J3A00 O BmOYs T sTureado 3a3s Jo s3Es aay 01 g) wundg o @uw
qrssiunzd e paudisse uasd sey paisafas Aisnoland saa21s g1 o yaea (nun paeadal §1
aunpanosd s g w2 g7 08 (] oy S AHWE 0 2A0E W-gH000 0 B0 ‘sny afuel
Hqssiunsd g1 UKo 6l PAIIRNGNE PUE PIPPE ST 02U § 2a318 SIg1 U0 pRUnna
Wasad g SMOUS UMD S8 3AInd S ] (W Z[) Ul SR SESIAM 10 531108 pasn
Apwouwos 150 gy o1 Jurwado S[EWS 1620 G L (RUSE 014000 TTEuoed dem yaud
Jany s jo puaaad g o) dn oF ‘2A15 ST B0 PRI UM 0UIT SA0YS JAIND YL
(e £1)ur go00 3o Fuuado ue aaey preos aans isadie) wp adwexs A o) AR
a1 wo aned Aue e paurea aBeiuacsd gy Jaoqe pue s siued dBmuanad gl
2] AR aFuRd S1G] SAASIS PSS JQ) JO YOED U0 pIuElar afmuansad o) o) Huer
st ¥ Waop 198 U] PUE ‘3AIND U1 20) SIN[EA JO SFURL Y] 13403 FEYL SATE
24905 31y 10 0oy Bunoajas 15 Aq Euiew ped 1y aq) 10 suoneayiaeds aedang
yaud 1201 [EIINS B 1NNSUOD 01
pasn 2 wed ampaoosd Furmoqpo) S “HpgEIRAE SI (2RI PUE PUES JO 2UN0S [B30] B 104
“paseynd 2q Jouues youd pEruswwod sadead B J1 TIET AGEL U paIsH siuawaainb
-a1 [EINWIND PUE [BUSISUILIR 31 SILIRY 18G1 330 SNy [ERIWL0D ¥ 125 b
BAIND IUN-PAYEEP ML AQ PAHEHPUL [ELISNELE WL UEY] IGBIEIP M 5L 3N Ul
-PUIOS M) A PATMPUL [RLISIEW 3] S0 ] Hoeneld sE wojun se soped s ey
05 3aana yaud Sy sy mesp 03 aonorsd pood 51 1] ¢ JO IRAALa0s AEusogiun B
SEY Yargm U1 PISTR Y1 AQ UOYS S8 ‘AUMINIP INYMII0E WaRID U3 IARY poD
11871 INOGE JO IR0 ANWI0JIUN © SRy S PILOE B ST UMBID JAIND 3 O1ET
aunig uf $53) 40 ¢°7 AEwrxosdde jo 1UMMS03 AIUUOHUN B gl [Busien Junuss

L -audar 2aInd IOOWS B mRp asind yaed 12y ag) vo jueod (e ap ydneay ) g

‘peaei yaed 209 gy a9) Fuipesd
* h el T das yeq) assna v uo wiod way

gy paasss [jaadesd so) sasad Hugpucdsasiod 1
!Ftu-!!!r!i!@ﬂ.ﬂylﬁﬁ M st sY] (O g9) = €100 X E) W

- - ——— ) ST0'0 = SO0D X § 51 [BLRISW JAY A
) APUTOR IV S i

T e (R ol B e oY o ans wanad-ng g andumo ag se ¢

- _ T 56 La'l Fuisy Y 6 PUR §f I PUES YL JO

azis puadEad-y MY 51 (W §1°0) U1 SO0

Ol aandig Ul CjEENEw Iy YL jo

o D| s iusuad-ng oy se ydesd auy uo woties

w ~IAN L SR JO HNS3E 2YL 308 T T

] - <dwnd-pues B up ynsas Amw ) uegl 12

| ik i T - L% 1D

| iu || b H.__ _ _E w _ yeard sapdnnu s SEIR pURILSS
«|

PLIE U1 PUnG) Ajuomds S8 uniuLns Se
N 39 1 SR puE uonepesd wuog

Pl e | | wemrel —

| k| CE-TIs 1

_ I s_.h - :H” _ .__a spunwon Ayfty sey unipss uoIpEuLG)
S, | st sy k4 i uMpn S13pabE PIEPIOSUOINN 16 PNEP
[ v | _ | _é/' SOSUCOIUESE 10 ()] PUR § Uddmiag s
Y 1 -

SN B 380 CSE S0 (W 70} 1070 52

STELw (I ALY AN o

50



WATER WELL DHSIGM 445

Table 13.13. Volume of Filter Pack Required®

AED Design Requirements
Well Pumps & Well Design
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10.

11.

APPENDIX E

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

PROJECT TITLE AND LOCATION - Identify the type of ANP site or name of the
ANA/ANP site and its location by District and Province.

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.

CONTRACT NO. - Provide the AED contract number.

3a. ELEVATION (Top of Hole) — This is the ground elevation at the well site.
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).

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

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).

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. Imm). CASING AND
SCREEN MUST BE STEEL.

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..

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.

PUMPING TEST (Yes, No)

12a. HOURS OF PUMPING (Pumping Test) — Provide the longest continuous time of
the pumping test(s).



12.

13.
14.

15.

16.

17.

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.

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

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.

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

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 ...ttt st st sttt et et et ee bt es et et seeshe seesheeueenteesteseestes e st e st shesbeaneeaneantessenssensan
2. DATE OF COMPLETION...................... 23. CONTRACTOR NAME ........cocooiiririireriie sttt sttt e be ettt st e ses e b s et
3. CONTRACT NO.... oottt st e seseae bttt et eas et st b sesenes 3a. ELEVATION (Top of Hole)..........covveencee.

4. COORDINATES ...ttt ettt ettt ettt et e et e st sbesae et et esseseseeeeeaeeesannnnnne 4a. TOTAL HOLE DEPTH (m) ................
5. HOLE DIAMETER .......ccoceotininreeienineeinire e 5a. STATIC WATER LEVEL (Non-Pumping Depth) ..........cecveveevcernnne.
6. DRILLING METHOD (ROLAIY, PErcUSSION, OLRNEI)........ccceuvevieeeeietiereceeteieietetesteseasaese st st essas st st sesesesassasesase s sesssssesasessrsases
7. CASING DIAMETER & LENGTH(S) ...cveetetieeeieieteeste st ettt ste st et esesteseser e st ses et esesseses et sessesansesare et stessnsssesessesarsasessnsessnsanssen
8. SCREEN DIAMETER & DEPTH(S)......cceiertrteterteerierirese sttt s es et nsese e sessaeens 8a.SLOT SIZE..........cooireen

9. WELL DEVELOPMENT (Method).......ccceomueeeuninereninenieenenereireeennene 9a. SANITARY SEAL (Depth).....cccceeveveveeeenecneeneecnenen

10. FILTER PACK (Yes, No) ............... 10a. DEPTHS OF FILTER PACK .......................10b. PUMP DEPTH.........cccccoevervrrrrrnn.
11. PUMPING TEST (Yes, NO) ...c.coeeveveeeeeeererierene 11a. HOURS OF PUMPING (PuUmping Test)........ccccvueeeveeveeceeveeeenneen.
12. PUMPING WATER LEVEL (at Max. Drawdown).............ccceueeveruennns 12a. FLOW RATE (Pumping Test) .......cccoeeveuveeeeennns
13. AQUIFER MATERIALS (Unconsolidated, Porous Bedrock, Fractured Bedrock)..............cueeeeeceececveseseseececveseeee e
14. WATER QUALITY TESTED (Yes, NO)........ccccceenuuene. 14a. TOTAL DISSOLVED SOLIDS ..........cocotimereeeririneeerireseeeeesene e
15. COLIFORMS (Yes, NO).........cc.o...... 15a. PUMP (Manufacturer & MOEe) ..........ceceueeeeieeeeeieeceseeierseee s s esvssssan s

16. NAIME OF PREPARER ...ttt st e ettt st ea s s et st e e she eheeaeeat e eseebees e en e ne et see sheeee et et esesssensennn

17, REIMIARKS: ...ttt ettt et et sae et e e sbe e b e st sue e esbessbesat e bt st sae eeasesbeeateenses sheansbenses saeerbaesatesaeansbesstesaeeseennnens

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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Anpmg county Hengyuan hardware netting
industry product CO.,LTD.

FE Ak
HEBEICHINA
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SIS, DR, SR, BEE. AEE. SAEARRNSLRE SRR THE

SIZBTHH. BSALE, BE. 4T, BR. TRSTLAYNE. ~auEeEs
H, FFEHEEM. PREFELMHE.
[Brief introduction]

Anping county Hengyuan hardware netting industry product CO,.LTD. is located
in Anping county reputation of *Chinese hometown of wire mesh *. The company is
equiped with advanced eguipment and tremendous technical capability. It's a
company which owns advanced technology and produces wire mesh and further
processed products. For years, we have been sticking to the business principel of
prestige thehighest quality—the first it's our highest standard to make the customers
satisfied.Our company produce and sell as following :"V" shaped wire welded stainless
steel screens, low carbon steel screens, Johnson Specialty screens,various kinds of

orescreen meshes , stainless steel network,chain link fence ,welded wire mesh,

expanded plate mesh series, bringing type automatic filter screen, crimped wire mesh,
hexaogonal wire mesh,etc. The products are used in the trades,such as ore choosing,
petroleum , chemical industry , electron , transportation , plastics , food , architecture ,
traffic,etc. Our products can be seen everywhere in China,as well as African countries,
Middle East and the regions of Southeast Asia.

mlu“w -

. .-L"'
i ¥
—-—

e e e e e e e
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-

ii’\CilL-lS]L_l‘)_/ I;woclud' e, 1D,

ANE) =5 Company products

J8%E Strainers Pipe/ Water Well Screen

##l. 302, 304, 304L. 316, 316LERGHEL.

R TERREAIEEROBENBEARPOMN. XEELTNURRLOTNUR-ABLIBRL KERE
SR (vEZ)  BRBRRIER JRBES: REZVHEE WRE WER VMEES ERFTK T
2T EEHA . THTEMNRNTE.

Al BKER-MELBRABASEM. T5RAR. HKREEER. hIMATKARRE FERP. BK
PFAATVAARREFRAKARMLLE. BRKNLE. KRR, AREIL. BHERNERTERLT

B, HRERTE. BRFENERNERDIE.

Materials, 304 302 304L 316 316L stainless steel wire .

characteristics. The welded stainless steel water well screen is made up of rods and warp. The rod can be
round wire triangular wire or trapezoid wire . The warp is triangular wire(V—shaped wire). Water well screens
have a structure and high open area, as well as accurate slot dimension. In the same time , water well screen
have heat—resisting, anti—corrosive, good machine capability, long life span, safety and reliability and so on
characteristics. It can be used in many kinds of medium filtering.

Uses.The strainer is a kind of filtered water tubing with the perforation .it can use with the deep well pump,
dive the water pump, also may use in the water—treating equipment, the environmental protection, the sea
water transforms into the industrial water and life use water desalination treatment, running water treatment,
water softening treatment, the petroleum industry. The petroleum product terminal filters and the chemical acid,

the alkali liquid filters, the ethyl alcohol and so on the organic solution recycling filters.
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T EERE R R S

VEIZZ REENIEKE "V'"shaped wire welded stainless steel screens
PR
BRMNABEFHVELLRABH AL RKE, RAVASLAVESS (RERSE) £
AR
"V shaped ladder—like stainless/carbon steel screen is a perfect combination of V—shaped wire

and V—shaped rod or round rod.The wire is welded onto the rod at each intersection point .

1, EENERARENTIAER, BS54 KERMEL,

2, VHINESHREEE, BETEIRG.

3, EZMTLIBE KT RER.

4, BREBKEEMER, ILRRS SRBRRTER.

5. MELRKERSRME, ERERK ReTHE, SEMKIE.

Features of products

1. A continuous slot opening which significantly increases the available open area,thus providing greater
access to the water bearing zone.

2. A "V" shaped profile wire which avoids clogging and ensures an uninterrupted flow

3. A uniform and efficient well development due to the continuous slot opening.

4. Ladder—like wire welded screens have a strong structure and high open area,as well as accurate slot
dimension .

5. Ladder—like wire welded screens have the features of easy backwashing, long life span safety and
reliability as well as low comprehensive cost,

F&-u#%fl\\

LRERESHNERETERTRESHRNK, 5. S,

2\ FTRAR IBRESHBAEETEANTRTRNBA, THMKBERKRMETEN, M
H&%Q%ﬁo

3. BUNRIBR ERFFHET . BENLBRESH TAESNBKENNREREANL TR
ENNEERBRNS IERBED TERANKETENBKE. B/IKRER,

4, ERKHMES HNTE, BT ABNILBEENRABTERS—, KARERE, EAKHFRIE
A%,

Features of products

1. Screens with high open area are more suitable for the construction of high—quality water wells oil wells
and gas wells. %

2. Low cost operation Screens with high open area shall favor groundwater infiltration. Abundant water shall
reduce the water level's down, thus to save energy consumption,

3. Reduce the gbrasion of the pump Under the same condition high open area can make the speed of
groundwater 's entering into the screen much more slower than any other filtration apparatus, which will
avoid sand's entering into screen because of high pressure thus reduce the abrasion of the pump .

4. Extend the life span of wells Comparatively groundwater's entering into screen with higher open area is
much easier than the entering into lower open area screen.The slow water flow shall extend the life span
of wells,
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B A # 48 Basic specification for ladder—like screen
s ohiz spE | KB | TRRIND | B h| LIS E s
R sIzE 0.0 SLOT |LENGH| COLLAPSE [TENSIE[ 3E+%5 RODS ELES 2
Material INCH (MM} INCH (M) STRENGTH |WEIGT| WRAP End Connection
(PSI) (TON) [ (mm) (MM)
4 117 0.040 | 3-6 395 6 2.2%3.0 | 3.8MM/22
4 114.3 0.040 | 3-8 395 6 2.3%3.0 | 3.8MM /22 .
2 nE ke
Sad 6 168.3 | 0.040 | 3—6 252 8 |2.343.5 |3 BMM/32 | Louppey
204l 8 21,1 | 0.010 | 3-6 399 10.5 | 3.045.0 | 3.8mM/48 =
by welding
1 218 8 2191 | 0,020 | 3-6 370 105 | 3.045.0 [3.8MM/48 |\
et 8 219.1 | 0.040 | 3-6 323 10.6 | 3.0+«5.0 | 3.8MM/48 | |\ ied
\ 10 273.1 | 0.010 | 3-6 206 11| 3.045.0 [3.8MM/B0 | 1 teroie
10 273.1 | 0.020 | 3-6 191 11| 3.045.0 | 3.8MM/50 | i
10 273.1 | 0.040 | 3—6 167 11 | 3.0¢5.0 | 3.8MM/50

F5E. HRMUMESE, BEREEANTERES. EHE 80mm—800mm. . 0.1mm—10mm
The data only to reference we can design it as the client's request Diameter . 80mm—900mm.
Shot. 0. 1mm—10mm

*ERAR . BEMEQEE.

FARERE . 50mm—5850mm

*Styles of connection.by welding or by threaded male/female couplin.

*Standard length. 50mm—5850mm

3/ Crimped Mesh
FHEl. 302 304, 304L, 316, J1GLERFWL, hFTRURER/SMHERITH.
BERES. T4, 9. MERA. BORATMR, SEWEK. WK, #HE. WESME.
Big. BTFF . B hI. &R EH. NWSHEFTL.
Materials. 304 302 304L 316 316L stainless steel wire  can be made according to the customers' requirement.
Weaving and characteristics . plain weave . twilled weave, dutch weave, stainless ssteel wire mesh
is heat—resisting, acid—resisting, wear—resisting, corrosion—resisting.
Usage. used in petroleum, chemical industry, mine, environment protection, food industry, medicine, machine
making, etc.

bie e e b A L
e e e e o e

F#2[ Chain link fence
Big. BFAR. Bk %EH. EX/0X. B0k R GF BRFOPLEREE
Fate. BE. BEL Rl HEEES. MEEXEEE. AR mE. RE.
General Use, Chain link fence mainly serves in protection of road, railway, airport, residence, port, garden
and farms.
Product characteristic. The anticorrosion, anti— exposes to the sun, Anti— aging characteristic and so on. The
anticorrosion form has the galvanization, the heat degree, spurts models, soaks models.
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Add: Industry Zone,Anping,hebei Province,China
# ( Tel ) " 0086-0318-7565918
#h=(Mobile): B3~ 13663281858

RME"T 13663281808

#mf ( Fax ) *" 0086-0318-7565919
EEERIPC T 053600

E-mail: liu@aphywire.com

Website: http://www.aphywire.com
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C) Quality Control

We have serious quality control system, and have gain the ISO9001:2000 Quality Certification

(m\

s . D 87/4
t eilificale of Cﬁl{r}é{g @‘:}//um{grmm/ ("?y.-u’rm
Registration Mumber: 4007Q1036 7225

s s 1o certis that

HEBEI HENGYUAN HARDWARE NETTING
INDUSTRY PRODUCTS CO.,LLTD.

Fat Developing Zong Anpang C ounty, Hebe: Provence. DSS600

has heen assessed and regisiered against the
following guality managemen! standard:
1SO9001: 2000

CERTIFICATION SCOPE:
Diesign and Production Manufacturing of Melting Filter Flements. Filier
Cloth Packs. Disc Filiers and other Indusirial Filter Flemenis

s SYSEN
CNAS C40-Q

CCIC CONFORMITY ASSESSMENT SERVICES CO. LTD.

6|Page
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Johnson Well Screen

1|Fage
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A) Introduction
1. Materials: 304 302 304L 316 316L stainless steel wire

Characteristics: The welded stainless steel water well screen is made up of rods and warp. The rod can
he round wire, triangular wire or trapezoid wire. The warp is triangular wire (V-shaped wire). Water well
screens have a structure and high open area, as well as accurate slot dimension.

At the same time, water well screen have heat - resisting, anti-corrosive, good machine capability, long

time span, safety and reliability and so on. It can be used in many kinds of medium filtering.

“V"shaped wire welded stainless steel screens

2. Features of products

1. A continuous slot opening which significantly increases the available open area, thus providing greater
access to the water bearign zone.

2. A"v" shaped profile wire which avoids clogging and ensures a uninterrupted flow.

3. A uniform and efficient well development due to the continuous slot opening.

4. Ladder-like wire welded screens have a strong structure and high open area.

5.Ladder-like wire welded screens have the features of easy backwashing ,long life span, safety and

reliability as well as low comprehensive cost.

2|Page
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3. Advantages of products

1. Screens with high open area are more suitable for the construction of high quality water wells oil wells
and gas wells

2. Low cost operation Screens with high open area shall favor groundwater infiltration. Abundant water
shall reduce the water level's down, thus to save energy consumption.

3. Reduce the abrasion of the pump under the same condition, high open area can make the speed aof
groundwater's entering into the screen much slawer than any other filtration apparatus, which will avaid
zand's entering into screen because of high pressure, thus reduce the abrasion of pump.

4. Extend the life span of wells comparatively; groundwater's entering into screen with higher open area
iz much easier than the entering into lower open area screen. The slow water flow shall extend the life
span of wells.

Effective open area for permanent Stainless Steel screen

The permanent stainless steel screen 15 saud to be 8 inch (200 mm) diameter with opening slot size= 1 mm.  The
percentage of open area for this standard screen 15 25%6.

oamina | el

Soresn Screen ot Size Steel Continucus Slot PVC Continuous Slot PWC Slotted Fipe

Dismezer
mm i mm o2 % i % | oemfm s
o0 20 0,508 o3l 25 E - | - -
o0 &0 1.524 1,005 52 1,100 an EX 11
150 30 7R 1,693 25 1,206 13 | 550 4
150 31 1578 2.R57 41 1,968 29 a5 14
150 95 1413 3,492 51 . - - -
200 30 0762 1,625 16 - - - -
200 | =] 1.524 2,857 28 - - | - -
awo | ous 1413 3,451 i\ | |
200 125 3,175 4,525 45 b = | H z

X|Page
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The below equations was performed accordance with the equations presented in Ground Water and Wells
(Second Ediion) by Prindpal Author Fletcher G Drizcoll (published by Johnzon Filtration Systems Inc, 5t
Paul, Minnesota 55112, page 451,

Vigare - bommrne I ede Cpr Avew versas el Yield

Effective Open Area Calculation:

Sereen = 6280 cml

3%

b
According to screen design and well design: E e

£
Humber of slot per each meter length of screen: 250 'E) 0%

5

L3
Thickness of slots: 1 mm E 158

o
Total Area of slots per each meter of screen pipe: g i

i
2x3.14x10%25 = 1570cm2 o«

£

&

-5
Zwrface atea of one meter stainless steel dotted 2 e

H

i

£

Expected well yield, |fsec
slot size

% BRI =S slot size + wire width %100 — 100 Jiarreter serazn = - w1500 dianz e soreen

= = 200 mm Jiarmeter scraan

x 100 = 23%

1
1429

U open area =

i (A
| 1))

l

i I".I“|I"| ||“I||I|I-I ||||III t

Ezample of joining twa branch of screen

4[Fage
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B) Basic Specification for Screens

COLLAPSE | TENSILE
SIZE oD SLOT  LENGTH WRAP (thick”deep) RODS
_ _ . STRENGTH | WEIGHT _ _
(INCH) | (MM) (INCH) (M) (M) (ham1)
(Psi) (Ton)
4 117 0.040 36 385 6 22°3.0 3.8MM22
4 114.3 0.040 3-6 395 6 2.3*3.0 J.8MMI22
] 1683 0.040 36 252 & 23356 2.8MMA32
8 219.1 0.010 36 399 10.5 3.0'5.0 3.8MM/48
8 2191 0.020 3-6 370 10.5 23.0"5.0 3.8MM/48
8 2181 0.040 36 323 10.5 3.0"5.0 3.8MM/48
10 2731 0.010 36 208 11 3.0"5.0 3.8MM/S0
10 2731 0.020 3-6 191 11 3.0"5.0 3.8MMSE0
10 2731 0.040 36 167 11 3.0"5.0 3. 8MM/S0

The data for reference only and can design with client's request.
Diamter: 80mm-800mm, slot of screen size: 0.1mm-10mm
Styles of connection: by welding or by threaded male /female coupling.

Standard length: 50mm-5850mm

S|Page
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D) Detail Information for Johnson Stainless Steel pipes for Referenced

Task Order Well

Material type: Stainless Steel 304
Nominal size: 8 Inches

OD: 219.1 mm

Length: 2.0 and 4.0 meter

Slot Opening Size: 1.0 mm

72



AED Design Requirements
Well Pumps & Well Design

KARAKAYA

Bentonit Sanayi ve Ticaret A.$.

Buiro : Mecatibey Cad. Sezenler Sk No:1-12 Ankara Tel: (312) 2297626 Fax @ (312) 2297872
Fabrika : Esenboga yolu 24 Km Ankara Tel: (312) 3980145 Fax: (312) 3980146
http : ffwww karakaya.com.tr e.mail : kkaya@ tr.net

BENTONITE TEST CERTIFICATE

DATE: 18/01/2010

1. pescripTion oF SAMPLE . NON TREATED BENTONITE
GTiP 2508

ORIGIN
Resadiye [ Cankin 1 Any other | |

SAMPLED FROM

Pit I:] Stock Area |:’ Production Delivery |:|

If Delivery , name :

2. EXPERIMENTS

A-) FILTRATE VOLUME ml | 121

B-) VISCOSITY (Direct Indicating Viscometer)

Weight of Bentonite added in 350 ml distilled water, during preparation of suspension

22 5gr (% 6,43) || 259r(%7,15)

a-)Dial reading at 600 r / min. 36
b-) Dial reading at 300 r / min.

C-) CALCULATION
a-) Plastic Viscosity PV =600r/ min- 300r/min. (36 )-( 22 )=

b-) Yield point (YP ) =300r/min -Pv (22 )-(14 )=

c-) YP/PV Yield Point / Plastic viscosity (8 )/ (14 )= [057
EXPERIMENTIST COMMANDS
Bunyamin ERTEK Meets the Non treated Bentonite Standards of ISO 13500 and
Mining Engineer. API 13 A Section 10.
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Bentonite A.P.1
Analysis report of Bentonite A.P.1
Consentration 22.5 /350 ceo
600 RPM 30-32
300 RPM 23-25
PV 7-9
YP 16-18
YP/PV 2-3
Filter Loss 15 ml Max.
Moisture 10 % W Max.
Residue on 200 Mesh Wet Screen 1% W
Bentonite O.C.M.A
Analysis report of Bentonite O.C. M. A
Yeild Point 20m3 /T
Filter Loss 15 ml Max.
Moisture 10 % W Max.
Residue on 200 Mesh Wet Screen 3 % W Max
Residue on 200 Mesh Wet Screen 1 % W Max.

Bentonite For Foundry Uses

Phisical Analysis report of Bentonite For Foundry Uses

Montmoriloite 70 % Min.
Gellation Factor 20 % Min.
Swelling Factor 30 ml/ 2gr Min.
Green Compresive Strengh 4.5-5.5 gr/em2
Sintering Point 1100 ¢ Min.

Bentonite For Pelleting

Phisical Analysis report of Bentonite For Pelleting

Plat Test (Wet Absorbation) 500-700 % W
Moisture 5 % W Max.
Residue on 45 Mic. 5 % W Max.
Iron Content (FeO) 2 % W Max.
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KARAKAYA Bentonit Sanayi ve Ticaret A.S.

CERTIFICATE OF ANALYSIS

Producer : Karakava Bentonite Manufacture & Trade Co.
Commodity : Natural, non-treated Na - Bentonite

DESCRIPTION

The natural bentonite, is pure, natural sodium based nontreated one, contains 90 % of
Montmorillonite, has a high swelling capacity, conforms to API 13 A Section — 10 nontreated
Bentonite . TS EN ISO 13500 and TS 977 Type — 2 bentonite’s specification. In water suspansion the
natural bentonite 1s dispersed not flocculate. The product has the certificate of conformance to TS 977,

given by Turkish Standards Institution.
Samples have been prepared according to the International Standards from the stocks at the premises of Karakaya Co.. Tests
have been carried out at the quality control laboratory of Karakaya Co. and the following results were obtained.

Physical Properties
API 13 A section 10 and TS EN TEST
ISO 13500 STANDARTS for RESULTS
NON-TREATED BENTONITE
Moisture ( %0 ) 12.5 max 8
SieveAnalysis ( 200 mesh ) 4 max 1,01
Disperse Plastic Viscosity ( PV ) 10 min 12.7
Viscosity point 1,5 max 0.4
( Yield Point/plastic viscosity )
Disperse Filtration volume 12.5 max 11.8

Chemical Analvis

SiO, = 61.28%
Al,Os = 17.79%
Fe;0; = 301%
Ca0 = 4.54%
Na,O = 270%
MgO 2.10 %
K20 = 1.24%

Bunyamin ERTEK
Mining Engineer
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