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SAFE, DIRECTIONAL 
DROUGHT-RESISTANT DUG WELL (SDDW) 

CROSS-REFERENCE TO RELATED 

APPLICATION(S) 

This application is related to and claims the benefit of 
priority to U.S. Provisional Application Ser. No. 61/980,503 
filed Apr. 16, 2014 in the U.S. Patent and Trademark Office, 
the contents of which are incorporated herein by reference. 

STATEMENT OF GOVERNMENT INTEREST 

The invention described herein may be manufactured, 
used, and licensed by or for the U.S. Government for 
governmental purposes without payment of any royalties 
thereon. 

BACKGROUND 

The present invention relates in general to dug wells. 
Traditionally, dug wells for domestic use have been 

constructed with large-diameter (36-inch) concrete “tiles' 
stacked in a 20 to 30 foot deep vertical hole in the ground 
that intersects the water table at some depth (Common 
wealth of Massachussetts 2008; Maine Geological Survey 
2012). This type of well is problematic for several reasons. 

First, the water table can fluctuate by several feet annu 
ally. This can reduce the available water by more than 30 
percent, or more in dry periods, potentially resulting in 
several days without adequate water supply. Second, the 
water enters the well from the bottom through an open 
bottom tile placed on crushed stone or directly on native 
materials, limiting the flux face (the opening through which 
water enters the well). If the well is located in geologic 
materials with low hydraulic conductivity, the well will be 
low yield and may not provide adequate Supply. Further, 
traditional dug wells are round (non-directional), which at 
first glance seems desirable because water can flow into the 
well from any direction. However, groundwater typically 
comes into the well primarily from the area upgradient of the 
hole. Because the geologic material (sediment) often is of 
low permeability, these wells are limited by the available 
inflow area (flux face) and by their relatively low storage 
capacity. Third, the traditional dug well is susceptible to 
contamination from bacteria. The combination of stacking 
large diameter well tiles made of concrete, and a typically 
inadequate concrete seal at the well cap on the top of the 
well, often results in unsanitary seals, allowing insects, 
rodents, and runoff carrying bacteria to enter the well. 

Also, anoxic and alkaline aquifers in some parts of the 
United States commonly contain high concentrations of 
arsenic (Ayotte et al. 2003: Ayotte et al. 1999; Ayotte et al. 
2006; Flanagan et al. 2012; Montgomery et al. 2003; Nuck 
ols et al. 2011; Smedley and Kinniburgh 2005: Welch and 
Stollenwerk 2003). For example, high concentrations of 
arsenic are known to affect 20 to 30 percent of private drilled 
wells in Maine and New Hampshire, as well as other parts 
of the United States. It is estimated that more than 100,000 
people use private drilled wells in eastern New England that 
have unsafe levels of arsenic (Ayotte et al. 2003). As a result, 
many state and local agencies have been looking for ways to 
mitigate arsenic problems in private domestic wells. 

Thus, traditional dug wells commonly have poor yield, 
are subject to drought failure, and often contain bacteria or 
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2 
other contaminants. An improved well design is needed to 
provide safe drinking water in larger quantities. 

SUMMARY 

The Safe, Directional, Drought-Resistant Dug Well 
(SDDW) described herein produces useful volumes of water 
for drinking water supply for domestic use without the 
typical yield and bacteria problems associated with tradi 
tional dug wells. The SDDW uses directional (non-vertical) 
technology that maximizes well yield, enables installation in 
a wide variety of settings, minimizes concentrations of 
known contaminants having geologic sources such as arse 
nic (which is common in drilled wells in New England and 
elsewhere), and is completely sanitary and low cost. 
The SDDW involves construction of a high-permeability 

aquifer within a native aquifer and the use of directional 
orientation, perpendicular to groundwater flow, to ensure 
Sufficient yield over a wide range of hydrologic conditions. 
The “constructed aquifer also functions as a storage reser 
voir below the ground. 
The SDDW is constructed by digging a hole that 

resembles a deep horizontal trough, into which a well and 
horizontal collectors (which provide directional orientation) 
are inserted. Then, the hole is backfilled with permeable 
crushed stone that is covered with a geotextile filter fabric. 
The hole is topped off with clay loam, a well casing seal of 
bentonite clay or similar material, and then covered with 
fine-grained soil. It also uses potable-water-grade PVC 
piping, a Submersible pump, and a sanitary sealed and 
vented cap to prevent bacteriological contamination while in 
S. 

Groundwater flows in response to a gradient and, in most 
settings, there is a dominant direction of groundwater flow. 
With respect to yield, traditional dug wells receive inflow 
from, typically, a 7-square-foot (36-inch diameter) round 
flux face at the bottom of the well. A round design with 
inflow from the bottom does not take advantage of that flow 
direction because water flows into the well through a rela 
tively small area (7 square feet) at the bottom of the well, 
thereby limiting the amount of available water that can be 
captured by the well. 

In contrast, the SDDW uses a horizontal well system (the 
side-laying rectangular flux or flow face and the horizontal 
collector System) to intercept water through a much larger 
area (over 200 square feet per side), and is perpendicular to 
the direction of groundwater flow. This allows the SDDW to 
intercept far greater amounts of water than traditional dug 
wells by receiving inflow from the sidewalls and bottom of 
the well. The flux face of the up-gradient wall ranges from 
150 (15 foot length by 10 foot depth) to 500 (50 foot length 
by 10 foot depth) square feet. Thus, applying Darcy's Law 
(Q=KAdh/dl, where Q is rate of water flow in volume per 
time; K is hydraulic conductivity in length per time: A is 
flow area or area of flux face in length squared; and dh/dl is 
a dimensionless hydraulic gradient), with equal hydraulic 
conductivity and hydraulic gradients, the SDDW can cap 
ture 10 to 100 times more water than a traditional dug 
well—due primarily to the larger flux face. Additionally, the 
SDDW benefits from inflow of water through the bottom and 
sides of the well excavation. This also means that the SDDW 
can provide useful quantities of water in geologic materials 
that yield so little water that a traditional dug well would not 
be feasible. 
By taking advantage of the direction of groundwater flow 

at the well site and by “constructing a high-yield area 
within the native aquifer materials with a sanitary, vented 
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cap, and using a sealed 6-inch diameter casing, the issues of 
yield and contamination are greatly reduced. Promoting safe 
drinking water for private well users, the SDDW virtually 
eliminates typical bacteriological contaminants and, in New 
England, for example, is generally low in concentrations of 
geologic contaminants such as arsenic. Low arsenic concen 
trations are a result of the geochemistry of the water that the 
shallow SDDW collects compared to water that is typical of 
deep, drilled wells. The SDDW captures well-oxygenated 
water that typically is slightly acidic and not conducive to 
the dissolution and mobilization of arsenic (Smedley and 
Kinneburgh, 2005: Welch and Stollenwerk, 2003: Ayotte 
and others, 2003). Thus, the geochemistry of the aquifer and 
groundwater controls the mobility of arsenic and other 
geologically sourced contaminants. Similar geologic and 
hydrologic conditions exist in other parts of the United 
States and in other countries. 

In accordance with an embodiment of the invention, there 
is provided a shallow well structure for Supplying high yield, 
generally contaminant-free drinking water from a direc 
tional dug well bore. The well structure includes one or more 
slotted horizontal collectors connected laterally to a cross 
fitting connector. A vertical well bore is dug under a land 
Surface perpendicular to dominant groundwater flow in a 
water-bearing subterranean formation. The well bore is 
generally rectangular in shape and is wide enough to receive 
the horizontal collectors connected to the cross fitting con 
nector to create a flux face that produces a high yield of 
drinking water. A well casing is connected to a top of the 
fitting connector. The fitting connector with the horizontal 
collectors and the well casing join together to form a unit. 
The fitting connector of the unit is positioned adjacent to a 
bottom of the well bore such that the horizontal collectors 
are perpendicular to the dominant groundwater flow and the 
well casing extends vertically from the fitting connector to 
above the land Surface. A high-permeability crushed-stone 
fill is deposited in a lower portion of the well bore to 
Surround the well casing and the horizontal collectors and 
allow the groundwater to flow down and into the slots of the 
horizontal collectors. A geotextile filter fabric is placed over 
the crushed-stone fill. A pump is placed in the well casing 
within the fitting connector to pump the groundwater cap 
tured by the horizontal collectors up the well casing to the 
land Surface. A seal is placed around the well casing just 
under the land Surface to prevent movement of contaminants 
downward along the well casing. A loam soil fill is deposited 
over the geotextile filter fabric to provide low-permeability 
confinement over the crushed-stone fill. A removable cap 
with a rubber seal is placed over a top of the well casing to 
prevent entry of contaminants. 

In accordance with another embodiment of the invention, 
there is provided a method of completing a shallow well 
structure for Supplying high yield, contaminant-free drink 
ing water from a directional dug well bore. The method 
includes connecting one or more slotted horizontal collec 
tors to a fitting connector, and connecting a well casing to a 
top of the fitting connector. The fitting connector with the 
horizontal collectors and the well casing form a unit. A 
vertical well bore is dug under a land Surface perpendicular 
to a dominant groundwater flow in a water-bearing Subter 
ranean formation. The well bore has a generally rectangular 
shape and is wide enough to receive the horizontal collectors 
connected to the fitting connector to maximize an area 
available to capture the groundwater flow and produce a 
high yield of drinking water. The fitting connector of the unit 
is placed adjacent to a bottom of the well bore such that the 
horizontal collectors are perpendicular to the dominant 
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groundwater flow and the well casing extends vertically 
from the fitting connector to above the land surface. Crushed 
stones are deposited into a lower portion of the well bore to 
provide a high-permeability crushed-stone fill Surrounding 
the well casing and the horizontal collectors that allows the 
groundwater to flow down and into the slots of the horizontal 
collectors. The crushed-stone fill is covered with a geotextile 
filter fabric. A pump is placed in the well casing within the 
fitting connector to pump the groundwater captured by the 
horizontal collectors up the well casing to the land Surface. 
A seal is placed around the well casing just under the land 
Surface to prevent movement of contaminants downward 
along the well casing. A loam soil fill is deposited over the 
geotextile filter fabric to provide low-permeability confine 
ment over the crushed-stone fill. A removable cap with a 
rubber seal is placed over a top of the well casing to prevent 
entry of contaminants. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Various aspects and advantages of the invention will 
become apparent from the following detailed description, 
taken in conjunction with the accompanying drawings. The 
drawings are not necessarily drawn to scale. In the drawings: 

FIG. 1 is a schematic diagram of a Safe, Drought 
Resistant, Dug Well (SDDW), according to an embodiment 
of the invention; 

FIG. 2 is a schematic diagram of the SDDW, according to 
another embodiment of the invention; 

FIG. 3 is a table illustrating the volume of water that can 
be stored in the SDDW as compared with a traditional dug 
well; and 

FIG. 4 is a table illustrating flow volume for the SDDW 
as compared with a traditional dug well. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring to FIG. 1, the Safe, Drought-Resistant, Dug 
Well (SDDW) 100 described herein maximizes the area 
available to intercept water and couples that with a subter 
ranean “constructed aquifer 102 used to store the inter 
cepted water for immediate use. This eliminates the issue of 
low hydraulic conductivity associated with many aquifer 
materials by allowing a significantly greater area of the 
aquifer to continuously contribute water to the constructed 
aquifer 102. 

In constructing the SDDW 100, a large hole or trench (i.e., 
well bore) 104 is dug under a land surface 105 with an 
excavator or backhoe. Trench excavation is perpendicular to 
dominant groundwater flow direction to maximize ground 
water flux face and capture of groundwater flow. 
One or more collectors 106 with slots 108 are placed 

perpendicular to the groundwater flow to maximize yield 
and resist drought conditions. Two horizontal collectors are 
illustrated in FIG. 1. The slots 108 are about 0.125 in. in 
width. The length of the collectors 106 is adjusted to meet 
desired yield. The collectors 106 of the SDDW 100 provide 
the lowest possible access of water in the well which, 
together with the constructed aquifer 102, helps minimize 
effects of drought—a problem that commonly affects tradi 
tional dug wells. End caps 110 are placed on the ends of the 
collectors 106 to prevent entry of stone, sediment, or root 
material. A fitting connector 112. Such as a cross fitting 
connector, made of polyvinyl chloride (PVC), for example, 
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is placed between the collectors 106 to provide a sump 114 
to catch any sediment that may enter the well and Screen 
system. 
A well casing 116 is connected to the top of the fitting 

connector 112. In one embodiment, the well casing 116 is a 
6-in. potable-water-grade sch. 40 PVC casing that is corro 
sion resistant. The well casing 116 and the collectors 106 are 
attached to the fitting connector 112 by being glued or 
fastened with screws or bolts, for example. In the embodi 
ment shown in FIG. 1, the well casing 116 and the collectors 
106 connected to the fitting connector 112 form an inverted 
T-shape. 
The hole or trough 104 is backfilled with a high-perme 

ability crushed stone fill 118. The crushed stones have a 
diameter of about 0.75 in., and the porosity of spaces 
between the stones is about 0.2 to 0.25. The crushed stone 
fill 118 is covered with a geotextile filter fabric 120. 
A Submersible or Suction-type pump 122 is placed in the 

well casing 116. The pump 122 can have a lower horsepower 
(e.g., about 0.50 HP) than deep well pumps, which reduces 
costs. Also, because the casing 116 is only 6-inch, for 
example, in diameter (as compared to a 36-inch diameter 
casing in traditional dug wells), the pump 122 does not need 
to be shrouded for water-flow cooling to be effective. The 
Sump 114 also provides extra space, if needed, for the 
submersible pump 122. The sump 114 at the base of the 
vertical casing 116, just below the collectors 106, serves to 
trap any sediment that might make its way toward the pump 
122. The Sump can be cleaned out if necessary with a Suction 
pump or with a compressed air line. The geotextile filter 
fabric 120, the crushed-stone fill 118, the collectors 106, the 
Sump 114, and the pump 122 are placed below a water table 
123. 
A Supply line or pipe 124, for example, a 1-in. polyeth 

ylene pipe, is connected to the pump 122 to provide a water 
Supply. The Supply line 124 exits a side of the well casing 
116 through a pitless adapter 126 and extends to, for 
example, a basement of a home. Torque arresters 128 
prevent twisting of the Supply line pipe 124 as the pump 122 
cycles on and off, and they also keep the pump 122 centered 
in the well casing 116. A pump electrical line 130 extends 
from the submersible pump 122 to a source of electricity. 
A well casing seal 132. Such as a bentonite clay seal, is 

placed around the well casing 116 just under the land Surface 
105 to prevent movement of contaminants downward along 
the well casing 116 (along with site grading). A loam soil fill 
(e.g., clay or silt) 134 is deposited over the geotextile filter 
fabric 120 to provide a low-permeability confining unit over 
the high-permeability crushed stone fill 118. The geotextile 
filter fabric 120 provides a barrier between the loam soil fill 
134 and the crushed-stone fill 118, preventing downward 
movement of the loam soil fill 134 into the crushed-stone fill 
118. 
A sanitary cap 136 with a vent and a rubber seal 137 is 

placed over the top of the well casing 116 to prevent entry 
of insects and rodents. Native material 138 (e.g., low 
permeability glacial deposits) covers the constructed aquifer 
102 and blends with the native landscape. 

Thus, a high-yield aquifer is essentially created within, 
and fed by, the natural aquifer. This combination of con 
struction of a high-yield aquifer Volume within the natural 
material serves to enhance groundwater flow and withdrawal 
from comparatively low-permeability materials. 

In another embodiment illustrated in FIG. 2, an SDDW 
200 uses one horizontal collector 106", and the casing 116 
and the collector 106" are joined to an elbow fitting connec 
tor 202 to form a “sideways L (long side down) shape. As 
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6 
long as the length of the collectors is sufficient to meet yield 
requirements, the length and shape of the collectors can be 
varied to accommodate depth, hydraulic, design, or other 
limitations and considerations. For example, the collectors 
can be entirely linear (horizontal) or they can form an arc or 
S-shape to fit the landscape or building considerations, or the 
unique groundwater flow situations. 

Before constructing the SDDW 100, 200, its location on 
the landscape (generally near where the water will be used) 
is determined. Next, using land-Surface topography as a 
guide or other information as available (detailed water levels 
or a water table map), the general direction of groundwater 
flow near the proposed well is determined. Then, the needed 
length of the well is staked out perpendicular to the general 
direction of groundwater flow (the length is slightly longer 
than the desired length of the collectors 106, 106"), and the 
hole 104 is dug as deep as needed for the desired length. 
The hole 104 that is dug is both deep and wide, forming 

a rectangular hole in the earth and permitting the installation 
of the vertical well pipe or casing 116 with the collector 
pipes 106, 106' attached to the fitting connector 112 at the 
bottom of the well casing 116 (in the bottom of the hole 
104). This rectangular configuration creates a flux face 
(area) that can intercept groundwater as it flows toward and 
past the well casing 116, allowing it to be captured by the 
collectors 106 and pumped out of the vertical casing 116 
with the pump 122. 
The flux face is the vertical area of the well that is 

bounded by the water table 123 (at the top) and a bottom 142 
of the well, which is equal to the effective saturated thick 
ness of the well. It is essentially the width times the depth 
of the hole 104. For example, in a traditional dug well, a 
saturated thickness of 10 feet and a width or radius of 5 feet 
would result in a flux face of 50 square feet. However, in the 
SDDW 100, 200 of the present invention, the same saturated 
thickness of 10 feet would be extended for 20 feet due to the 
collectors 106, 106", resulting in a flux face of 200 square 
feet—a four-fold increase in the flux face. This not only 
provides more water directly to the well and the collectors 
106, 106', but the larger flux face combined with the 
collectors 106, 106" also minimizes the drawdown (the 
reduction of the Saturated thickness) as a result of pumping, 
which allows more of the saturated thickness to be used, 
further increasing the yield of the SDDW 100, 200. 

In a traditional dug well, the amount of water available for 
immediate use is the height of the water column above the 
bottom of the well multiplied by the area of the tile (3.14*ra 
dius Squared). For example, a 10 foot water column and a 
radius of 1.5 feet would yield 10 ft3.14*1.5* 1.5–71 cubic 
feet or 530 gallons in storage in the well. 

In the SDDW 100, 200, the pore spaces between the 
stones of the crushed-stone fill 118 provide the natural 
storage for groundwater while providing competent, main 
tenance-free storage. Because the pore spaces are Sufi 
ciently large, the water in storage can flow easily to the well 
casing 116 buried within the Stone and can be pumped out 
for immediate use. The volume of water that can be stored 
in the constructed aquifer 102 is 1.5 to 6 times larger than in 
a traditional dug well, as shown in the table in FIG. 3. FIG. 
3 shows the amount of water in storage (immediately 
available) in a traditional dug well and in the SDDW 100. 
For example, for a SDDW having a length of 15 feet, a width 
of 3 feet, a water column depth of 10 feet, and a crushed 
stone fill porosity of 0.25, the volume of water stored is 
15*3*10*0.25-112.5 cu ft. There are 7.48 gallons of water 
in a cubic foot. Thus, this well can store 112.5 cu ft 7.48 
gal/cu ft=842 gallons of water. As another example, if the 
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well has a length, width, and water column depth of 15 feet, 
respectively, and a porosity of 0.2, the well can store 5,049 
gallons of water. 

Thus, even in low-yielding materials, a large amount of 
water can be stored and even more can be captured because 
the area contributing groundwater to the constructed aquifer 
102 and well is so large. To illustrate how the SDDW 100, 
200 can capture larger amounts of groundwater flow, the 
table in FIG. 4 shows example calculations that use a range 
of values for aquifer hydraulic conductivity and contributing 
areas and an assumed gradient of 0.05. FIG. 4 shows typical 
flow rates into traditional dug wells and into the SDDW 100, 
200, which illustrates the order-of-magnitude differences in 
flow volume. 

In addition, the SDDW 100 can be installed in a range of 
depths, limited only by the depth to the water table 123 (and 
its range of seasonal fluctuation) and by the depth to which 
available machinery can dig the well (typically up to 25 to 
30 feet in depth). These methods (constructed aquifer meth 
ods and directional design) used in the SDDW 100, 200 
bring much-needed constructed aquifer techniques and 
directional design to domestic well construction. These 
methods are also suitable for some public-well installations, 
particularly where shallow or low-permeability aquifer con 
ditions prevail. 
The constructed aquifer 102 and the directional orienta 

tion of the collectors 106, 106" beneath the ground surface 
105 make the system simultaneously viable over a wide 
range of hydrologic and hydraulic conditions, drought resis 
tant, and extremely sanitary—keeping insects and animals 
out of and away from the groundwater. 

The directionally oriented collectors 106, 106", whose 
length can be specified to match demand requirements, and 
the crushed-stone fill 118 storage reservoir act in concert to 
minimize drawdown of the water table 123 during pumping 
by accessing water within the highly transmissive crushed 
stone. This enables installation in shallow aquifer settings. 
Further, the directional design increases both flux and stor 
age of groundwater by at least one order of magnitude over 
traditional designs. The non-directional circular traditional 
wells miss the opportunity to collect and store large Volumes 
of groundwater that continually flow past the well. By 
increasing the length of the design dimensions of the direc 
tional collectors 106, 106', more water can be made avail 
able. 

Because groundwater generally flows horizontally in the 
ground, collecting water in a traditional circular well is akin 
to collecting water from one point on the landscape. With the 
SDDW 100, 200, water is collected from about 15 to 50 feet 
of buried horizontal slotted PVC pipe, typically 15 to 20 feet 
below the ground and perpendicular to groundwater flow, 
allowing for large Volumes of water to be stored and pumped 
as needed for water Supply in a domestic setting. This is akin 
to collecting groundwater from a line of points rather than a 
single point on the landscape. 
The SDDW 100, 200 increases both groundwater flux to 

the domestic dug well and maximizes the amount of ground 
water in storage for immediate use by the well owner. This 
makes the SDDW 100, 200 deployable in a wide variety of 
hydraulic conditions (i.e., low- to high-yield aquifer set 
tings) to ensure that the well provides adequate water in the 
typical range of hydrologic conditions. The sanitary Supe 
riority of the SDDW 100, 200 is a major improvement over 
the traditional dug well—virtually eliminating the introduc 
tion of coliform and E. Coli bacteria. 

Also, the water collected from the shallow ground using 
the SDDW 100, 200 is generally well oxygenated and often 
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8 
slightly acidic—conditions that are not conducive to dis 
Solving arsenic in groundwater—unlike deep, anoxic, and 
slightly alkaline aquifers in some parts of the United States 
that commonly contain high concentrations of arsenic. 

Thus, with the SDDW 100, 200, large volumes of water 
can be collected, stored, and utilized while effectively elimi 
nating bacteriological contaminants and reducing other con 
taminants (arsenic, for example). Further, the SDDW 100, 
200 can be easily constructed with common equipment and 
materials. Because of this, the SDDW 100, 200 is generally 
more economical to construct than other well types. 

Further, orienting the well construction such that the flux 
face is perpendicular to the dominant direction of ground 
water flow maximizes recharge (groundwater flow) to the 
well and surrounding stone after the well has been in use for 
a period of time (large withdrawals, say for lawn or garden 
watering, showering, etc). This feature is increasingly 
important in sloped land Surface applications, common in 
rural areas. 
The SDDW 100, 200 has several advantages, including: 
(a) the directional flow-capturing design using the collec 

tors 106, 106' allows for the capture and safe storage of 
significantly more groundwater flow than with traditional 
dug well design; 

(b) the constructed underground storage reservoir (aqui 
fer) 102 made of crushed stone and sealed prevents con 
taminant entry and provides for the dynamic storage of 
water; 

(c) the vertical well casing or riser pipe 116 is sealed with 
a vented sanitary cap 136 that reduces entry points for 
bacteria: 

(d) the SDDW 100, 200 reduces the potential for con 
taminants derived from geologic sources, such as arsenic 
and manganese, due to capture of toxic, shallow-aquifer 
water with a geochemistry that is not compatible with 
dissolution of those contaminants; 

(e) the SDDW 100, 200 can be used at a broader range of 
sites as compared with traditional dug wells; 

(f) the SDDW 100, 200 can use a smaller diameter vertical 
well casing or riser 116 as compared with traditional dug 
wells; and 

(g) the SDDW 100, 200 can be sized to meet nearly any 
domestic water demand. 

It will be appreciated by those skilled in the art that 
modifications and variations of the present invention are 
possible without departing from the principles and spirit of 
the invention, the scope of which is defined in the appended 
claims and their equivalents. 
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What is claimed is: 
1. A shallow well structure for providing high yield, 

contaminant-free drinking water from a dug well bore, 
comprising: 

a fitting connector, 
one or more slotted horizontal collectors connected to the 

fitting connector, 
a vertical well bore, dug under a land Surface perpendicu 

lar to an aquifer in a water-bearing Subterranean for 
mation, the well bore having a generally rectangular 
shape and being wide enough to receive the horizontal 
collectors connected to the fitting connector to create a 
flux face that produces a high yield of drinking water; 

a well casing connected to a top of the fitting connector, 
the fitting connector with the horizontal collectors and 
the well casing joined together to form a unit, the fitting 
connector of the unit positioned adjacent to a bottom of 
the well bore such that the horizontal collectors are 
perpendicular to the dominant groundwater flow and 
the well casing extends vertically from the fitting 
connector to above the land Surface; 

a high-permeability crushed-stone fill deposited in a lower 
portion of the well bore to surround the well casing and 
the horizontal collectors and allow the groundwater to 
flow down and into the slots of the horizontal collec 
tors; 

a geotextile filter fabric placed over the crushed-stone fill; 
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10 
a pump placed in the well casing within the fitting 

connector to pump the groundwater captured by the 
horizontal collectors up the well casing to the land 
Surface; 

a seal placed around the well casing just under the land 
Surface to prevent movement of contaminants down 
ward along the well casing: 

a loam soil fill deposited over the geotextile filter fabric to 
provide low-permeability confinement over the 
crushed-stone fill; and 

a vented, removable cap with a rubber seal placed over a 
top of the well casing to prevent entry of contaminants. 

2. The shallow well structure of claim 1, further compris 
ing a Sump formed by the fitting connector and located at a 
base of the fitting connector and below a level of the 
horizontal collectors to trap sediment before reaching the 
pump. 

3. The shallow well structure of claim 2, wherein the 
geotextile filter fabric, the crushed-stone fill, the horizontal 
collectors, the Sump, and the pump are placed within the 
well casing below a water table. 

4. The shallow well structure of claim 1, further compris 
ing placing end caps at outer ends of the horizontal collec 
tors to prevent entry of Stone, sediment, or root material. 

5. The shallow well structure of claim 1, further compris 
ing a Supply pipe connected to the pump and extending up 
and out of the well casing and well bore to withdraw the 
water from the well structure. 

6. The shallow well structure of claim 5, further compris 
ing one or more torque arrestors disposed along the supply 
pipe to prevent twisting of the Supply pipe as the pump 
cycles on and off and to center the pump in the well casing. 

7. The shallow well structure of claim 1, further compris 
ing a pump electrical line extending upward from the pump 
to a source of electricity. 

8. The shallow well structure of claim 1, wherein the seal 
is made of bentonite clay. 

9. The shallow well structure of claim 1, wherein the 
crushed-stone fill provides a storage reservoir for ground 
water that flows to the horizontal collectors and is pumped 
out for use. 

10. The shallow well structure of claim 1, wherein the flux 
face is a vertical area of the well bore bounded at a top of 
the flux face by a water table and at a bottom of the flux face 
by a bottom of the well bore, and the flux face is perpen 
dicular to the an aquifer. 

11. The shallow well structure of claim 1, wherein the 
fitting connector is a cross fitting connector and the one or 
more horizontal collectors comprise two horizontal collec 
tors connected laterally to the cross fitting connector, and the 
well casing and the two horizontal collectors connected to 
the cross fitting connector form an inverted T-shape. 

12. The shallow well structure of claim 1, wherein the 
fitting connector is an elbow fitting connector and the one or 
more horizontal collectors comprise one horizontal collector 
connected laterally to the elbow fitting connector, and the 
well casing and the one horizontal collector connected to the 
elbow fitting connector form an L-shape. 

13. The shallow well structure of claim 1, wherein the 
loam soil fill is a clay, silt, or fine-sand fill. 

14. A method of completing a shallow well structure for 
providing high yield, contaminant-free drinking water from 
a directional dug well bore, comprising: 

connecting one or more slotted horizontal collectors to a 
fitting connector, 
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connecting a well casing to a top of the fitting connector, 
the fitting connector with the horizontal collectors and 
the well casing forming a unit; 

digging a vertical well bore under a land Surface perpen 
dicular to an aquifer in a water-bearing Subterranean 5 
formation, the well bore having a generally rectangular 
shape and being wide enough to receive the horizontal 
collectors connected to the fitting connector to maxi 
mize an area available to capture the groundwater flow 
and produce a high yield of drinking water; 

placing the fitting connector of the unit adjacent to a 
bottom of the well bore such that the horizontal col 
lectors are perpendicular to the an aquifer and the well 
casing extends vertically from the fitting connector to 
above the land surface; 

depositing crushed stones into a lower portion of the well 15 
bore to provide a high-permeability crushed-stone fill 
Surrounding the well casing and the horizontal collec 
tors that allows the groundwater to flow down and into 
the slots of the horizontal collectors; 

covering the crushed-stone fill with a geotextile filter 20 
fabric; 

placing a pump in the well casing within the fitting 
connector to pump the groundwater captured by the 
horizontal collectors up the well casing to the land 
Surface; 

placing a seal around the well casing just under the land 
Surface to prevent movement of contaminants down 
ward along the well casing: 

depositing a loam soil fill over the geotextile filter fabric 
to provide low-permeability confinement over the 
crushed-stone fill; and 
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placing a vented, removable cap with a rubber seal over 

a top of the well casing to prevent entry of contami 
nants. 

15. The method of claim 14, wherein said connecting 
slotted horizontal collectors to a fitting connector creates a 
Sump located at a base of the well casing and below a level 
of the horizontal collectors, and traps sediment entering 
through the slots of the horizontal collectors before reaching 
the pump. 

16. The method of claim 15, wherein the geotextile filter 
fabric, the crushed-stone fill, the horizontal collectors, the 
Sump, and the pump are placed within the well casing below 
a water table. 

17. The method of claim 14, wherein said depositing 
crushed stones into a lower portion of the well bore to 
provide a high-permeability crushed-stone fill provides a 
natural storage reservoir for groundwater that flows to the 
horizontal collectors and is pumped out for use. 

18. The method of claim 14, wherein the groundwater 
captured by the shallow well structure is oxygenated and 
acidic, which resists dissolution of arsenic in the ground 
Water. 

19. The method of claim 14, further comprising placing 
end caps at outer ends of the horizontal collectors to prevent 
entry of Stone, sediment, or root material. 

20. The method of claim 14, wherein the crushed stone is 
placed in the wellbore to a height of approximately half a 
height of the well bore. 

k k k k k 


