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UNDERGROUND ALLUVIAL WATER 
STORAGE RESERVOIR AND METHOD 

RELATED APPLICATIONS 

This application claims priority of US. provisional appli 
cation Ser. No. 60/290,785, entitled “Underground Alluvial 
Water Storage Reservoirs,” ?led May 15, 2001, and US. 
provisional application Ser. No. 60/373,887, entitled 
“Underground Alluvial Water Storage Reservoirs,” ?led 
Apr. 19, 2002. 

TECHNICAL FIELD 

The invention relates generally to storing Water in under 
ground reservoirs and, more particularly, to a method for 
storing an isolated supply of Water in the voids found in 
alluvial deposits. 

BACKGROUND OF THE INVENTION 

It is becoming increasingly dif?cult, both in terms of cost 
and availability, to construct conventional open reservoirs 
for the storage of Water. Such reservoirs typically require the 
construction of a dam across a river, thereby ?ooding vast 
expanses of land upstream of the dam While severely cur 
tailing the How of Water doWnstream from the dam. In light 
of the increasing value of Water and the complexities of the 
various Water laWs across different jurisdictions, it is becom 
ing prohibitively dif?cult to form an open reservoir in this 
manner. Open reservoirs may also be formed by ?rst exca 
vating a large pit and then ?lling the pit With Water, provided 
that the reservoir is properly lined to isolate the privately 
oWned Water from potential commingling With the public 
domain Water in the same general alluvial deposit. 
Previously, such open reservoirs could be formed by pur 
chasing the rights to abandoned gravel quarries. HoWever, 
due to the current high demand for Water storage, such 
opportunities are extremely rare. While it is possible to 
excavate a large pit for the speci?c purpose of forming an 
open Water reservoir, such a technique requires a great 
expense of time and money to purchase the land, form the 
pit and dispose of the excavated material and soil, assuming 
that the excavated materials have no intrinsic economic 
value. 

One major disadvantage to open reservoirs is that they 
preempt any current or future use of the land other than to 
store Water. That is, as additional land surface is devoted to 
the storage of Water in open reservoirs that same land surface 
is unavailable for alternative uses such as farming or open 
space. A further disadvantage of storing Water in open 
reservoirs is the high degree of evaporative losses experi 
enced by such reservoirs due to relatively large air/Water 
interface. Speci?cally, in arid climates (such as those found 
in the Western United States), open reservoirs are subject to 
extremely large evaporative losses. 
A further unfortunate disadvantage to open reservoirs is 

that the reservoirs are highly susceptible to contamination. 
While previous concerns have been limited to accidental 
chemical spills, petroleum leaks, polluted surface-Water 
runoff, and the like, a more immediate threat is that of 
intentional contamination as part of a terrorist act. Most 
municipal Water reservoirs comprise unfenced bodies of 
Waters in remote areas and are extremely dif?cult if not 
impossible to guard. Furthermore, the construction of fences 
around existing reservoirs Would be expensive and time 
consuming, and even then the open reservoirs Would be 
susceptible to contamination from the air. 
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2 
One proposed solution to the above-described disadvan 

tages of open reservoirs is the construction of underground 
reservoirs Where Water is stored in the voids or interstices 
found in alluvial deposits. One such method is described in 
US. Pat. No. 4,326,818, issued to Willis and entitled “Tech 
niques for the Storage of Water.” The Willis patent describes 
forming an enclosed ?exible Wall extending vertically 
doWnWard toWard a natural aquiclude or stone base that is 
impermeable to Water. The Wall is formed by a grouting 
process Where a grout pipe is ?rst inserted through the soil 
until the pipe reaches the aquiclude and is then WithdraWn 
While a grout material is injected under pressure from the 
end of the pipe. The grout material moves aWay from the 
injection Zone and ?lls the pores of the formation Where it 
hardens to form a grout “column.” This process is repeated 
numerous times to form a closed perimeter Wall around a 
de?ned reservoir boundary. That is, adjacent grout columns 
are positioned so that there is little or no space betWeen the 
columns. Asecond and third round of grout columns are then 
formed adjacent the ?rst round of columns to form a Wall 
that is said to be substantially impermeable to Water. Con 
ventional Wells and feed lines are then constructed Within 
the boundary of the grout Wall to WithdraW and supply Water 
to the reservoir as needed. 

The speci?c reservoir described in the Willis patent 
suffers from a number of draWbacks. Initially, the grout Wall 
construction technique described by Willis (i.e., pressure 
grouting clay or other “?exibiliZed” materials and alloWing 
the grout to “j el” into place) does not typically form uniform 
subsurface columns. Rather, the grout material disperses 
from the end of the grout pipe in an uneven and haphaZard 
manner (i.e., permeating different radial distances aWay 
from the grout pipe) as the grout pipe is retracted toWard the 
surface. The uneven nature of the grouting process tends to 
form vertical sand seams betWeen the grouted columns at the 
outer boundary of the pressure injection. These sand 
“lenses” or areas of high permeability formed betWeen 
adjacent grout “columns” result in grout Walls that do not 
form substantially impermeable Water barriers and that are 
susceptible to relatively high levels of Water leakage or 
seepage. Additionally, it is not possible to key the grouted 
in-situ “columns” into the bedrock or other impermeable 
basement rock that de?nes a bottom surface of the under 
ground reservoir. Rather, a small horiZontal layer typically 
remains betWeen the bottom ends of the various grout 
columns and the bedrock so that Water may escape the 
reservoir through this gap betWeen the Wall and the bedrock, 
Where the hydrostatic pressure is at its greatest level. Indeed, 
betWeen the inability to form a solid impermeable Wall using 
the grout technique, and the inability to ?rmly tie the grout 
columns to the bedrock de?ning the loWer surface of the 
reservoir, the Water leakage rates of a reservoir built accord 
ing to the technique of the Willis patent Would be prohibi 
tively high. 
A second draWback to the technique of the Willis patent 

is the use of conventional Wells for charging and extracting 
Water from the underground reservoir. Speci?cally, such 
Wells are relatively inef?cient When it comes to rapidly 
charging the reservoir With Water during periods of surplus 
Water, such as during a Spring runoff. The same Wells are 
similarly inef?cient With respect to WithdraWing Water at a 
desired high rate during periods When the Water level Within 
the reservoir is loW. That is, because the typical groundWater 
?oW past the Well is prevented Within the con?nes of the 
subsurface reservoir (and thus the Water Within the reservoir 
is not pressuriZed to the same degree as Would be found in 
a natural aquifer), conventional vertical Wells are unsatis 
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factory When it comes to extracting Water at a desired rate 
from the underground reservoir. 
A further problem associated With the underground res 

ervoir described in the Willis patent is that there is no 
recognition of the problems associated With the construction 
of the massive subsurface Walls. Speci?cally, the installation 
of any subsurface Wall on the scale of that required to form 
an underground reservoir tends to form a dam to the normal 
How of groundWater so that Water levels on the upstream or 
“high” side of the reservoir Wall Will tend be higher than 
historic average levels, While the opposite condition (i.e., 
loWer than average Water levels) Will be found on the 
doWnstream or “loW” side of the reservoir. Such arti?cial 
changes to the historic Water table can have severe adverse 
impacts on neighbors in the region. For example, neighbors 
on the high side of a subsurface reservoir may experience 
?ooded basements, While neighbors on the loW side Will 
experience a dearth of Water such that alluvial Wells may run 
dry. 

Thus, While the Willis patent describes one theoretical 
design for a subsurface reservoir, the speci?cs of the Willis 
reservoir are not feasible due both to the inability to form a 
Water-tight reservoir and the further inability to ef?ciently 
recharge and extract Water from the reservoir. Additionally, 
the grout Wall construction techniques described in the 
Willis patent are prohibitively expensive (costing $40-$200 
per square foot of barrier), particularly When used on the 
scale required for an underground reservoir. Furthermore, 
the Willis patent does not account for the environmental 
impact that Will be caused by the construction of the 
potentially massive subsurface Walls. Thus, an improved 
subsurface reservoir and method for storing Water is needed 
that Will address the shortcomings of the Willis design. It is 
With respect to these and other background considerations, 
limitations and problems that the present invention has 
evolved. 

SUMMARY OF THE INVENTION 

In accordance With the present invention, the above and 
other problems are solved by an underground reservoir for 
storing Water in alluvial deposits that is formed by a slurry 
Wall extending from a surface level to an aquiclude (e.g., 
bedrock) beneath the reservoir so that a bottom surface of 
the slurry Wall is keyed into the aquiclude to form a 
substantially impermeable Water seal Within the reservoir. 
Generally, the reservoir includes a plurality of Water 
extraction/recharge means distributed about the interior area 
of the underground reservoir to provide for rapid and sub 
stantially even ?lling and draining of the underground 
reservoir. In one embodiment, a plurality of Wells may be 
distributed about the underground reservoir, each Well con 
nected to a pump to direct Water under pressure through the 
plurality of Wells and into the alluvial deposits of the 
underground reservoir. Alternatively, a series of perforated 
pipes may be buried at a predetermined depth Within the 
underground reservoir so that the perforated pipes are con 
nected to a central pressuriZed Well that is operated to 
recharge and extract Water from the alluvial deposits through 
the perforated pipes. 

In one preferred embodiment, the underground reservoir 
includes a mitigation system to reduce Water table ?uctua 
tions in land parcels positioned upstream and doWnstream of 
the underground reservoir. The mitigation system may 
include an uphill perforated pipe installed Within an 
upstream land parcel outside of the reservoir at a depth 
betWeen a historic high and a historic loW groundWater level 
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4 
of the upstream land parcel. The mitigation system further 
includes a doWnhill perforated pipe installed Within a doWn 
stream land parcel outside of the reservoir boundary at a 
depth betWeen a historic high and a historic loW groundWa 
ter level of the doWnstream land parcel. The uphill and 
doWnhill perforated pipes are then connected by a non 
perforated conduit so that excess groundWater that has been 
dammed against the upstream boundary of the reservoir can 
be transported through the conduit and the perforated pipes 
to the doWnstream land parcel (Which Would otherWise 
experience a depressed groundWater level as a result of the 
damming action caused by the reservoir). 

In another embodiment of the present invention, a method 
for storing Water in underground alluvial deposits includes 
the step of constructing an underground slurry Wall to 
surround the alluvial deposits so that a bottom end of the 
slurry Wall is keyed into an aquiclude running beneath the 
alluvial deposits, thereby forming a substantially imperme 
able Water seal betWeen the slurry Wall and the aquiclude. 
The method further includes alternately extracting and 
recharging the underground alluvial deposits With Water, 
such as by constructing a plurality of Wells extending 
doWnWard through the alluvial deposits or such as by 
burying a series of perforated pipes Within the alluvial 
deposits and connecting the perforated pipes to a central 
Well. 

In yet another embodiment of the present invention, a 
method of mitigating Water table ?uctuations resulting from 
the construction of an underground reservoir includes bury 
ing an uphill perforated pipe outside of a boundary of the 
underground reservoir Within an upstream land parcel at a 
depth betWeen a historic high and a historic loW groundwa 
ter level of the upstream land parcel. The method further 
includes burying a doWnhill perforated pipe outside of the 
boundary of the underground reservoir Within a doWnstream 
land parcel at a depth betWeen a historic high and a historic 
loW groundWater level of the doWnstream land parcel. A 
non-perforated conduit is then connected betWeen the uphill 
perforated pipe and the doWnhill perforated pipe to remove 
excess groundWater from the upstream land parcel and 
transport the excess groundWater to the doWnstream land 
parcel. In one embodiment of the invention, the ?rst uphill 
perforated pipe is buried at a depth substantially equal to the 
historic high groundWater level, and a second uphill perfo 
rated pipe is buried a depth substantially equal to the historic 
loW groundWater level for the upstream land parcel. The 
second uphill perforated pipe is then ?uidly connected to the 
doWnhill perforated pipe, and a valve is positioned betWeen 
the second uphill perforated pipe and the doWnhill perfo 
rated pipe so that the groundWater level of the upstream land 
parcel can be varied betWeen the historic high and loW 
groundWater levels. 
The great utility of the invention is the ability to create an 

ef?cient, cost effective Water reservoir Without incurring the 
costs associated With traditional open reservoirs. The under 
ground alluvial reservoir achieves this end through the use 
of highly impermeable slurry Walls to form the boundary of 
the reservoir, and ef?cient Water extraction/recharge means 
to ensure that the reservoir can be rapidly recharged during 
opportune times, such as during a Spring runoff, and to 
further ensure that Water Within the reservoir may be 
extracted even When the Water level Within the reservoir is 
loW. The underground reservoir of the present invention 
further mitigates any impact on surrounding land oWners 
relating to the construction of the massive underground 
slurry Walls by utiliZing a drain system that alloWs dammed 
Water on the high side of the reservoir to be transferred to the 
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loW side of the reservoir so that land parcels on the high side 
are not ?ooded While land parcels on the loW side of the 
reservoir do not experience a dearth of Water. These and 
various other features as Well as advantages, Which charac 
teriZe the present invention, Will be apparent from a reading 
of the following detailed description and a revieW of the 
associated draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan vieW of a typical river basin illustrating 
a typical property boundary and a perimeter of an under 
ground Water reservoir built in accordance With an embodi 
ment of the present invention. 

FIG. 2 is a section vieW of the river basin taken substan 
tially along the line 2—2 in FIG. 1 illustrating the vertical 
limits of slurry Walls used to form the underground Water 
reservoir, Where the slurry Walls are keyed into a bedrock 
formation underlying the river basin. 

FIG. 3 is a plan vieW similar to FIG. 1 illustrating a 
netWork of above-ground pipes connecting a plurality of 
extraction/recharge Wells Within the perimeter of the under 
ground Water reservoir. 

FIG. 4 is a plan vieW similar to FIG. 3 illustrating an 
alternative extraction/recharge system comprising a central 
Well and a netWork of perforated pipes buried Within the 
underground reservoir. 

FIGS. 5 and 6 are section vieWs of the underground 
reservoir similar to FIG. 2 illustrating alternative depths for 
the perforated pipe netWork shoWn in FIG. 4. 

FIG. 7 is a section vieW of the underground reservoir 
similar to FIGS. 2, 5 and 6 illustrating the impact of the 
slurry Wall boundaries of the reservoir on historic ground 
Water levels on both a “high” side and a “loW” side of the 
reservoir. 

FIG. 8 is a section vieW of the underground reservoir 
similar to FIG. 7 illustrating a mitigation system for sub 
stantially maintaining the historic groundWater levels on 
both the “high” and “loW” sides of the reservoir. 

FIG. 9 is a plan vieW similar to FIG. 1 illustrating an 
alternative embodiment of a Water storage reservoir Where 
an underground reservoir similar to that shoWn in FIGS. 1—8 
shares a border With a conventional open reservoir. 

FIG. 10 is a section vieW taken substantially along the line 
10—10 in FIG. 9. 

DETAILED DESCRIPTION 

FIGS. 1 and 2 illustrate an exemplary river system or 
basin 20 comprising a riverbed 22 that ?oWs along the top 
of alluvial deposits 24 (e.g., sand and gravel) formed Within 
the boundary 26 of a ?oodplain that extends to either side of 
the current riverbed 22. An arroW 28 in FIG. 1 illustrates a 
direction of ?oW of the groundWater through the alluvial 
deposits 24. A dashed line 30 further illustrates a typical 
property line of a parcel of land that abuts the river 22. An 
underground reservoir 32 is preferably formed With a regular 
geometric boundary 34, such as the rectangular boundary 34 
shoWn in FIG. 1, so that the entire boundary 34 is contained 
Within the property line 30. 

FIG. 2 illustrates a section vieW of the river basin 20, 
including the riverbed 22 itself and the lateral and vertical 
limits of the reservoir 32. FIG. 2 further illustrates that the 
reservoir 32 is preferably formed by a slurry Wall 36 that is 
keyed into bedrock 38 or a similar aquiclude that extends 
beloW the ?oodplain boundary 26. With respect to impeding 
groundWater ?oW, the slurry Wall 36 provides a number of 
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6 
bene?ts over the type of grout or curtain Wall described in 
US. Pat. No. 4,326,818 to Willis. 

Initially, it is noted that the slurry Wall 36 may be formed 
in a variety of manners and With a variety of materials. The 
most typical construction technique for forming a slurry Wall 
is a trench technique that involves excavating a narroW 
trench that is immediately and concurrently ?lled With a 
?uid “slurry” that exerts hydraulic pressure against the 
trench Walls to prevent the trench from collapsing as it is 
formed. While different materials may be used to form the 
slurry, bentonite clay mixed With Water is the preferred 
slurry for use in constructing the slurry Walls 36. This is 
because the bentonite tends to coat the Walls of the trench, 
thereby preventing the Water from being absorbed through 
the trench Walls prior to the formation of the slurry Wall 36. 
Additionally, the bentonite coating helps to enhance (i.e., 
reduce) the ?nal permeability of the slurry Wall 36. 

Slurry Wall trenches may be several feet Wide and can be 
dug in excess of 100 feet deep With the use of specialty 
excavation equipment. ShalloWer trenches may be formed 
With conventional backhoes. It is important to remember 
that the trench must extend doWn so that it is “keyed” into 
the bedrock 38 or other con?ning layer (such as clay) that 
runs beloW the alluvial deposits 24. In one preferred 
embodiment, the trench is keyed at least three feet deep into 
the bedrock 38. The slurry-?lled trench is then back?lled 
With a mixture of the previously excavated soil and addi 
tional quantities of bentonite. That is, the soil-bentonite 
mixture is used to ?ll the open trench Where the mixture 
displaces the Water-bentonite slurry and hardens to form the 
?nal “slurry Wall” 36. Care must be taken With this tech 
nique to ensure an even back?ll and avoid the presence of 
any voids in the Wall or the collapse of any of the untreated 
soil back into the trench, either of Which can form “Win 
doWs” of relatively high permeability Within the Wall. With 
a carefully controlled back?ll, soil-bentonite slurry Walls 
having average permeability rates on the order of 1x10-6 
centimeters/sec (“cm/sec”) are obtainable, although perme 
ability rates as loW as 1x10‘8 cm/sec may also be obtained 
With a proper soil-bentonite mixture. 

An alternative construction technique is to use a single 
step excavation process Where the bentonite-Water slurry is 
mixed With concrete so that the slurry itself hardens to form 
a “cement-bentonite” slurry Wall 36. While a cement 
bentonite slurry Wall is formed more quickly than the 
tWo-step (back?ll) soil-bentonite slurry Wall, such one-step 
Walls typically have slightly higher permeability levels (on 
the order of 1x10“5 cm/sec). HoWever, the permeability of 
both the soil-bentonite and the cement-bentonite slurry Walls 
may be improved by adding barriers during the trenching 
process and prior to forming the hardened slurry Wall 36. 
These barriers typically comprise high density polyethylene 
or polyvinyl chloride sheets that are added to the slurry 
?lled trench either prior to the back?ll step of the tWo-step 
soil-bentonite slurry Wall process, or prior to the hardening 
of the cement-bentonite Wall in the one-step cement 
bentonite process. The addition of such membranes or liners 
further enhances the impermeable nature of the slurry Walls 
Where necessary to prevent leakage. 

Thus, the use of slurry Walls 36 in place of the grout Walls 
described in the Willis patent provides a number of bene?ts, 
including substantially loWer rates of Water leakage or 
seepage and substantially reduced construction costs 
(depending on the depth required, soil-bentonite slurry Walls 
can be constructed for a cost of betWeen $2 and $10 per 
square foot of barrier). The above description of slurry Wall 
construction techniques is not intended to be comprehensive 
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as to either the different techniques or materials that may be 
used in the formation of slurry Walls 36. Additionally, 
because those skilled in the art Will be familiar With the 
different slurry Wall construction techniques, no further 
explanation or description of exemplary slurry Wall con 
struction techniques is included herein. 

Once an appropriate slurry Wall 36 is formed about the 
perimeter of the underground reservoir 32, it may be nec 
essary to ?rst remove all of the “public” Water found in the 
reservoir 32 and return it to the common Water table (such 
as by pumping it to the river 22). This initial draining of the 
reservoir may be necessary to respect the Water rights of 
neighboring land oWners or of the municipality that governs 
the property upon Which the reservoir 32 is situated. 
Furthermore, an initial draining of the Water from the 
reservoir 32 permits the permeability (i.e., the degree of 
Water-tightness) of the constructed slurry Wall 36 to be 
accurately measured so that compliance With local seepage 
requirements can be veri?ed. ToWard this end, a plurality of 
Wells 40 (FIG. 3) are preferably formed throughout the 
reservoir 32 to tap the Water contained in the alluvial 
deposits of the reservoir. Each Well 40 is connected by a 
valve 42 to a netWork of above-ground pipes 44 Which, in 
turn, are connected to a common discharge point 46. A 
plurality of the Wells 40 are required to provide adequate 
coverage Within the reservoir 32 since the normal hydrologic 
currents are no longer active Within the body of the reservoir 
32. That is, because the Water stored Within the alluvial 
deposits of the reservoir 32 is cut off from the natural How 
of groundWater through the river basin 20, the Water stored 
Within the reservoir 32 experiences a relatively loW hydro 
dynamic pressure in comparison With the Water found in 
aquifers outside of the reservoir boundary 34. Therefore, a 
plurality of Wells 40 are necessary to ensure a suf?ciently 
high ?oW rate and access to the entirety of the Water supply 
Within the reservoir 32. While ?ve separate Wells 40 are 
shoWn in FIG. 3, it is understood that a larger or smaller 
number of Wells 40 may be used depending on the siZe of the 
reservoir 32 and the nature of the soil found Within the 
reservoir (i.e., the resistance of the soil to an unimpeded How 
of Water). 

Once the reservoir 32 is emptied of the “public” Water, the 
same Wells 40 may be used to recharge the reservoir 32 With 
Water that is oWned by the particular entity or municipality 
that oWns the reservoir 32. The Water may be directed under 
pressure through the pipes 44 so that the Water disperses 
from the distal ends of the Wells and into the alluvial 
deposits. The use of a plurality of Wells 40 distributed about 
the area of the reservoir 32 alloWs for a more even ?lling and 
draining of the reservoir 32 than can be achieved by a single 
Well. Alternatively, other un-pressuriZed (gravity) methods 
of ?lling the reservoir 32 may be used, such as using a series 
of open ponds or recharge ditches to disperse recharge Water 
directly to the top of the alluvial reservoir 32. 
An alternative to using a plurality of conventional single 

point Wells 40 (FIG. 3) is to employ a netWork or Web of 
in-ground, perforated drainage pipes 50 (FIG. 4) that con 
nect a series of locations Within the reservoir 32 to a central, 
pressuriZed Well 52. The system shoWn in FIG. 4 permits 
WithdraWal and recharge of the reservoir Water at a much 
faster rate than the gravity system of FIG. 3 due primarily to 
the greater surface area covered by the Web of perforated 
pipes 50. The use of such a pressuriZed recharge system is 
particularly helpful When capturing and storing large quan 
tities of recharge Water during short periods of relatively 
high ?oW, such as during Spring runoff. Similarly, the 
netWork of perforated pipes 50 helps to ensure an adequate 
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WithdraWal rate from the reservoir 32 even during periods of 
relatively loW Water levels Within the reservoir. 
The extensive drainage system shoWn in FIG. 4 may be 

constructed at a time of loW Water level Within the reservoir 
32 (such as immediately after the reservoir has been com 
pletely pumped doWn by the system of Wells 40 shoWn in 
FIG. 3), and before the reservoir is re-?lled With privately 
oWned Water. Preferably, a perimeter 54 of the perforated 
pipe 50 is located along the reservoir boundary 34 and is 
connected to the central Well 52 by a plurality of perforated 
feeder pipes 56 in a rim-and-spoke con?guration. 
Furthermore, the perforated pipes 50 are preferably buried to 
a predetermined depth Within the reservoir 32 using a 
traditional open-ditch excavating technique. In one preferred 
embodiment shoWn in FIG. 5, the perforated drainage pipe 
50 is buried to the alluvial-bedrock interface of the reservoir 
32 and is positioned on a bed of coarse gravel pipe bedding 
to increase Water transmission through the pipe 50 and into 
the adjacent alluvial deposits. The trenches formed for the 
drainage pipes 50 are then preferably back?lled With a less 
dense, relatively permeable material 58 such as de-sanded 
gravel. The perforated pipes 50 are also preferably Wrapped 
With a suitable geotextile fabric, or a combination of pro 
cessed gravel and geotextile fabrics. Wrapping and support 
ing the perforated pipes 50 in this manner decreases the 
resistance and increases the How of Water through the pipe 
netWork While simultaneously reducing the likelihood that 
the pipes Will become clogged by sediment deposits. The 
reduction in the amount of resistance experienced during a 
recharging operation alloWs for relatively large quantities of 
recharge Water to be pumped into reservoir during short 
periods of high Water ?oW on the river 22. 

FIG. 6 illustrates an alternative (shalloWer) depth for the 
perforated pipe trenches located above a mid-level of the 
alluvial deposit (or even shalloWer at a point just beloW the 
topsoil or overburden). Such a shalloWer depth may be 
preferred Where construction costs must be kept to a mini 
mum since it is less expensive to dig shalloWer trenches for 
the pipe netWork. Indeed, for relatively shalloW depths of 
less than approximately eight feet, it is possible to both form 
the trench and pull the perforated pipe in a single pass. 
Additionally, if the pipe is surrounded by the relatively 
coarse pipe bedding described above, it may be possible to 
achieve even higher pressures resulting in slightly faster 
recharge rates for the reservoir 32 due to the fact that the 
Water may be dispersed in both an upWard and a doWnWard 
direction from the perforated pipe 50. HoWever, positioning 
the pipes 50 at a relatively shalloW depth exposes the pipes 
to a higher risk of being unintentionally severed by surface 
activities, or of being fouled by the roots of surface vegeta 
tion. Thus, the appropriate depth for the netWork of pipes 50 
shoWn in FIG. 4 Will vary With the surface use of the land. 
Additionally, While the relatively deep system of pipes 50 
shoWn in FIG. 5 is more ef?cient at WithdraWing Water, the 
shalloWer system of pipes 50 shoWn in FIG. 6 is more 
ef?cient When it comes to rapidly recharging the reservoir 
32. Thus, a selection betWeen the tWo types of systems Will 
depend on the anticipated operational requirements of the 
reservoir. Of course, Where it is economically feasible, the 
tWo systems shoWn in FIGS. 5 and 6 could be combined to 
provide for both maximum WithdraWal and recharge rates. 

In addition to the above-described extraction/recharge 
Wells 40 and 52, the reservoir 32 of the present invention 
also preferably includes a plurality of monitoring Wells (not 
shoWn) distributed both Within the interior of the reservoir 
and outside of the reservoir along the reservoir boundary 34. 
The plurality of monitoring Wells can provide an area 
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Weighted average Water level Within the reservoir for use in 
determining WithdraWal and recharge rates of Water in the 
reservoir 32, as Well as the overall capacity of the reservoir 
(in conjunction With the measured porosity of the alluvium 
Within the reservoir 32) for accounting purposes. HoWever, 
While the slurry Walls 36 are substantially more imperme 
able to Water leakage than grout Walls, even soil-bentonite 
slurry Walls 36 Will permit small amounts of Water seepage 
both into and out of the reservoir 32. Therefore, a number of 
“perimeter” monitoring Well pairs (not shoWn) are prefer 
ably formed adjacent one another on opposite sides of the 
slurry Wall 36 about the reservoir boundary 34 to help detect 
Water seepage through the Walls 36. Speci?cally, the pairs of 
monitoring Wells (i.e., one Well on each side of the slurry 
Wall 36) are preferably monitored at different junctures (e.g., 
When the reservoir 32 is initially draWn doWn and subse 
quently fully recharged to the level of the overburden) to 
determine both negative seepage (i.e., When Water actually 
leaks into the reservoir due to the outside groundWater level 
being higher than the Water level Within the reservoir) and 
positive seepage (i.e., When Water leaks out of the reservoir 
due to a higher Water level Within the reservoir 32 than 
outside the reservoir) characteristics of the reservoir. 

Such seepage characteristics are used in conjunction With 
the above-described capacity measurements for accounting 
purposes during operation of the reservoir 32. That is, the 
underground reservoir 32 Will lose some quantities of Water 
to the surrounding alluvium When the reservoir 32 is rela 
tively full (or When the groundWater level outside the 
reservoir is relatively loW). Alternatively, the reservoir 32 
Will “gain” Water from the surrounding alluvium When the 
groundWater level outside the slurry Wall 36 is higher than 
the Water level Within the reservoir 32. This phenomenon is 
analogous to an open reservoir that is subject to evaporative 
losses and climatic gains due to precipitation. Operators of 
such open reservoirs must make adjustments or alloWances 
for these gains/losses When determining the amount of Water 
that has actually been used or diverted from the reservoir, 
and a similar accounting system is necessary for under 
ground reservoirs 32 due to the above-described potential 
for both positive and negative Water seepage from the 
reservoir. 

While the above description details the construction of the 
reservoir 32 as Well as the recharging and extraction of Water 
from the reservoir 32, FIG. 7 describes the environmental 
impact that Will typically result from the construction of the 
reservoir 32. Speci?cally, the placement of the slurry Walls 
36 Within the river basin 20 forms a dam to the underground 
How of Water through the alluvial deposits 24 of the basin 
20. FIG. 7 is a sectional vieW of the reservoir 32 and the 
surrounding river basin 20 and includes an arroW 60 indi 
cating the direction of the natural alluvial ?oW. This arroW 
60 essentially comprises one component of the How arroW 
28 shoWn in FIG. 1, and the direction of the arroW 60 de?nes 
an “uphill” slurry Wall 62 and a “doWnhill” slurry Wall 64 in 
FIG. 7. 

FIG. 7 includes a ?rst dashed line 66 that indicates a 
historic average groundWater level, While dashed lines 68 
and 70 represent historic high and loW groundWater levels, 
respectively. These levels may be determined prior to the 
construction of the reservoir 32 by ?rst installing monitoring 
Wells along the proposed reservoir boundary 34 to collect 
one or more years Worth of historic groundWater elevations 
along the property. This information Would then be used to 
construct an exterior groundWater mitigation system as 
described beloW. 
As noted above, the construction of the substantially 

impermeable slurry Walls 36 typically creates an under 
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ground “dam” to the alluvial groundWater ?oW against the 
uphill slurry Wall 62. That is, the damming effect causes 
elevated levels of ground Water along the uphill Wall 62 
Which may adversely affect neighboring properties. For 
example, a house 72 on a neighboring parcel of land situated 
uphill from the “uphill” Wall 62 may experience a ?ooded 
basement due to the rising Water level, While neighbors on 
the doWnhill side of the reservoir 32 may experience a 
drying up of alluvial Wells 74 When the Water level drops 
beloW even the historic loW Water level. 

FIG. 8 illustrates a preferred mitigation system Whereby 
a series of perforated pipes are installed outside of the 
reservoir 32 along both the “uphill” slurry Wall 62 and the 
“doWnhill” slurry Wall 64. Speci?cally, the uphill perforated 
pipes preferably include a “high level” perforated pipe 78 
and a “loW level” perforated pipe 80. The “high level” pipe 
78 is preferably installed at the historic high groundWater 
level 68 as determined above, While the “loW level” pipe 80 
is similarly installed at the historic loW Water level 70. Each 
of these pipes 78 and 80 are preferably joined to a “doWn 
hill” perforated pipe 82 that is installed just outside of the 
doWnhill slurry Wall 64 at a depth equal to the historic 
average Water level 66. The “uphill” perforated pipes 78 and 
80 are preferably joined to the “doWnhill” perforated pipe 82 
by a non-perforated conduit (not shoWn) that extends along 
an exterior of the reservoir boundary 34. Because the “high 
level” uphill perforated pipe 78 is installed at a higher 
elevation than the doWnhill perforated pipe 82, the dammed 
Water on the uphill side of the reservoir 32 is alloWed to 
drain by gravity to the doWnhill perforated pipe 82. The 
perforated pipes 78 and 82 thus act as a passive (gravity 
only) mitigation system that prevents the groundWater levels 
on the “uphill” side of the reservoir 32 from exceeding the 
historical high level 68. 

While the “high level” perforated pipe 78 is alWays left 
open, the “loW level” perforated pipe 80 is preferably 
attached to a valve 84 (FIG. 8) so that Water ?oW through the 
“loW level” pipe 80 to the doWnhill pipe 82 may be con 
trolled as desired to mimic historic groundWater levels on 
the uphill side of the reservoir 32. That is, the “loW level” 
perforated pipe 80 and the valve 84 combine to form an 
active mitigation system that may be used to actively draW 
the Water level doWnWard (When the valve 84 is opened) and 
back upWard (When the valve 84 is closed) betWeen the 
historic loW and high Water levels 70 and 68, respectively. 
Monitoring Wells 86 may be placed on both the upstream 
and the doWnstream sides of the reservoir (exterior to the 
slurry Walls 62 and 64) to monitor the groundWater levels 
and to control the operation of the valve 84. 
The mitigation system illustrated in FIG. 8 provides for 

the upstream interception of dammed groundWater and the 
doWnstream recharge of the groundWater to simulate or 
recreate the historic average groundWater levels that existed 
prior to construction of the reservoir. Due to the relatively 
higher elevation on the uphill side of the reservoir 32, Water 
Will typically How to the doWnhill discharge pipe 82 by the 
action of gravity and Without the use of a pump. Thus, the 
mitigation system operates entirely passively With the 
exception of the valve 84 that is controlled by monitoring the 
Wells 86. Of course, the use of the valve 84 is optional as is 
the use of separate “high” and “loW” perforated pipes 78 and 
80. Indeed, to the extent that a single, consistent ground 
Water level is desired (i.e., a level equal to the historic 
average level 66), a single perforated pipe may be installed 
in place of the tWo separate pipes 78 and 80 and the valve 
84. In this manner, the mitigation system may operate in an 
entirely passive manner so that monitoring of the ground 
Water levels outside of the reservoir 32 is no longer required. 
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The above-described underground reservoir 32 includes a 
variety of improvements over prior art underground 
(alluvial) reservoirs such as described in US. Pat. No. 
4,326,818 to Willis. Speci?cally, the use of slurry Walls that 
are keyed into the underlying bedrock (in place of the more 
costly grout Walls) ensures a substantially impermeable 
border for the reservoir 32. Additionally, the use of multiple 
extraction/recharge Wells 40 and/or netWorks of perforated 
drainage pipes 50 alloWs for highly ef?cient access to the 
Water Within the reservoir 32 and further alloWs for rela 
tively short recharge times to take maximum bene?t of 
available Water runoff from neighboring lands or from the 
river 22 itself. Indeed, the plurality of single-point extraction 
recharge Wells 40 shoWn in FIG. 3 may be combined With 
the central Well 52 and the netWork of perforated pipes 50 
shoWn in FIG. 4 to maximiZe the potential extraction and 
recharge rates of the reservoir 32. Additionally, the mitiga 
tion system described in FIG. 8 represents the solution to a 
problem that Was not even recogniZed in the Willis patent. 

The presently preferred embodiment of the alluvial res 
ervoir 32 described in FIGS. 1—8 also enjoys a number of 
bene?ts over traditional open reservoirs as described above. 
Speci?cally, the reservoir 32 is not subject to losses through 
evaporation and is easier to secure than open reservoirs. 
More importantly, the reservoir 32 can be formed in almost 
any location Where the proper alluvial deposits exist (i.e., 
Where the deposits have void space in the range of 20—35 
percent) since the reservoir can be constructed With minimal 
disruption to the surface above the reservoir. Indeed, the 
reservoir 32 can be constructed beneath land that is already 
subject to various surface uses such as farms, parks, etc. The 
slurry Walls 36 and the Water extraction/recharge systems 
can be constructed, if necessary, Without disrupting existing 
surface structures. Furthermore, once all the necessary exca 
vation is complete, neW structures may be built over top of 
the Walls 36 and the underground perforated pipe netWork 
shoWn in FIG. 4. 
HoWever, it may be desirable to combine the 

underground, alluvial reservoir 32 With a more traditional 
open reservoir 90 as shoWn in FIGS. 9 and 10. In one 
embodiment, the alluvial reservoir can be built alongside an 
existing open reservoir provided that the open reservoir Was 
constructed to prevent the leakage of Water into the sur 
rounding alluvial deposits. Alternatively, the open reservoir 
90 may be built either simultaneously or subsequent to the 
construction of the alluvial reservoir 32. For example, if the 
alluvial reservoir 32 contains valuable mineral deposits, it 
may be economically viable to mine an interior portion of 
the reservoir 32 to extract the minerals. The mined portion 
could then be ?lled With Water provided that the open 
reservoir remains Within the boundary 34 of the alluvial 
reservoir 32. If the open reservoir 90 is formed simulta 
neously With the alluvial reservoir 32, then the border of the 
open reservoir opposite the alluvial reservoir 32 need only 
be lined (e. g., With a compacted clay liner 92) to prevent the 
leakage of Water from the combined reservoir complex. That 
is, a separate slurry Wall Would not be required at the border 
of the open reservoir 90. Alternately, a slurry Wall could be 
constructed around an existing, unlined open reservoir, 
forming a combined open and underground reservoir, 
depending on the particular circumstances. 

Thus, the choice of an exclusively underground reservoir, 
or the combination of an underground and an open reservoir 
Will depend on the topography (and the potential value of the 
mineral rights) of the particular parcel of land, as Well as the 
volume of Water required to be maintained Within the 
reservoir. While an open reservoir 90 Would be subject to 
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evaporative losses as described above, the increased per-acre 
storage of Water may justify the cost of the evaporative 
losses. That is, While an alluvial reservoir can only store a 
Water volume up to 35 percent of the total reservoir volume, 
an open reservoir can ?ll its entire volume With Water so that, 
even With some evaporative losses, the overall percentage of 
Water storage increases With the combined reservoir shoWn 
in FIGS. 9 and 10. Such a combined reservoir may be 
appealing to a municipality that Wishes to create not only a 
neW reservoir, but also a park or open space next to a lake 
setting. 

In sum, the underground reservoir 36 of the present 
invention provides a signi?cant bene?t, particularly during 
current times When Water rights and Water storage in general 
are of paramount importance. Speci?cally, land oWners that 
do not Want to give up the current or future planned surface 
uses of their land may opt to sell or lease only the rights to 
the underground alluvial sand and gravel beneath the sur 
face. In essence, the land oWner Would be selling or leasing 
only the “empty space” found in the pores of the alluvial 
deposits. Furthermore, a land oWner could separately retain 
the rights to valuable minerals that are typically found either 
beloW the alluvial sand and gravel or in small pockets or 
veins mixed With the alluvial deposits. As noted above, it 
may be possible to separately mine these valuable deposits 
Within the boundary of the underground reservoir so that a 
neW, open reservoir can be formed upon the conclusion of 
the mining operation. The present invention thus alloWs land 
oWners to maximiZe the bene?t of their land by carving out 
separate “surface” and “alluvial” rights and by potentially 
selling those rights to different parties (or selling the “allu 
vial rights” While maintaining possession of the surface 
rights). 

It Will be clear that the present invention is Well adapted 
to attain the ends and advantages mentioned as Well as those 
inherent therein. While embodiments have been described 
for purposes of this disclosure, various changes and modi 
?cations may be made Which are Well Within the scope of the 
present invention. For example, slurry Wall construction 
techniques and materials other than those described above 
may be used to form the Walls 36, and all such techniques 
are Within the scope of the present invention. Additionally, 
various different drain systems Will be knoWn to those 
skilled in the art and the present invention is not limited to 
the speci?c netWork of perforated pipes and Wells described 
above. Furthermore, numerous other changes may be made 
Which Will readily suggest themselves to those skilled in the 
art and Which are encompassed in the scope of the invention 
disclosed and as de?ned in the appended claims. 
What is claimed is: 
1. An underground reservoir for storing Water in alluvial 

deposits comprising: 
a slurry Wall de?ning a closed boundary for the under 

ground reservoir, the slurry Wall extending from a 
surface level to an aquiclude beneath the reservoir so 
that a bottom surface of the slurry Wall is keyed into the 
aquiclude to form a substantially impermeable Water 
seal betWeen the slurry Wall and the aquiclude; and 

a plurality of Water extraction/recharge means distributed 
about the underground reservoir to provide for substan 
tially even ?lling and draining operations of the under 
ground reservoir. 

2. An underground reservoir as de?ned in claim 1 Wherein 
the plurality of Water extraction/recharge means comprises: 

a plurality of Wells distributed about the underground 
reservoir; 
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a plurality of pipes connecting each of the plurality of 
Wells to a common point; and 

a pump to direct Water under pressure through the plu 
rality of Wells and into the alluvial deposits of the 
underground reservoir during a recharging operation 
and to extract Water from the alluvial deposits during an 
extraction operation. 

3. An underground reservoir as de?ned in claim 2 Wherein 
the plurality of Water extraction/recharge means further 
comprises a series of recharge ditches and open ponds to 
distribute recharge Water directly to a top surface of the 
underground reservoir. 

4. An underground reservoir as de?ned in claim 1 Wherein 
the plurality of Water extraction/recharge means comprises: 

a series of perforated pipes buried at a predetermined 
depth Within the underground reservoir; and 

a central pressuriZed Well in ?uid communication With the 
series of perforated pipes to direct Water under pressure 
through the perforated pipes and into the alluvial 
deposits during a recharging operation and to extract 
Water from the alluvial deposits through the perforated 
pipes during an extraction operation. 

5. An underground reservoir as de?ned in claim 4 Wherein 
the series of perforated pipes includes an outer perimeter of 
perforated pipes connected to the central pressuriZed Well by 
a series of feeder perforated pipes in a rim-and-spoke 
con?guration. 

6. An underground reservoir as de?ned in claim 4 Wherein 
the series of perforated pipes is installed at a predetermined 
depth Within the underground reservoir utiliZing a trench 
excavation method, and Wherein each perforated pipe is 
supported on a pipe bedding formed from materials that are 
more coarse than the surrounding alluvial deposits. 

7. An underground reservoir as de?ned in claim 6 Wherein 
the trenches formed to bury the series of perforated pipes are 
?lled With materials that are more coarse than the excavated 
alluvial deposits to enhance Water How to and from the 
perforated pipes. 

8. An underground reservoir as de?ned in claim 4 Wherein 
the plurality of Water extraction/recharge means further 
comprises: 

a plurality of Wells distributed about the underground 
reservoir; 

a plurality of pipes connecting each of the plurality of 
Wells; and 

a pump to direct Water under pressure through the plu 
rality of Wells and into the alluvial deposits of the 
underground reservoir during a recharging operation 
and to extract Water from the alluvial deposits during an 
extraction operation. 

9. An underground reservoir as de?ned in claim 1 further 
comprising a mitigation system to reduce Water table ?uc 
tuations in land parcels positioned upstream and doWn 
stream of the underground reservoir, the mitigation system 
comprising: 

an uphill perforated pipe installed outside of the slurry 
Wall Within an upstream land parcel at a depth betWeen 
a historic high and a historic loW groundWater level of 
the upstream land parcel; 

a doWnhill perforated pipe installed outside of the slurry 
Wall Within a doWnstream land parcel at a depth 
betWeen a historic high and a historic loW groundWater 
level of the doWnstream land parcel; and 

a non-perforated conduit extending outside the slurry Wall 
and connecting the uphill perforated pipe to the doWn 
hill perforated pipe to remove excess groundWater from 
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the upstream land parcel and transport the excess 
groundWater to the doWnstream land parcel. 

10. An underground reservoir as de?ned in claim 9 
Wherein: 

the uphill perforated pipe is installed at a depth substan 
tially equal to the historic high groundWater level of the 
upstream land parcel; and 

the doWnhill perforated pipe is installed at a depth sub 
stantially equal to a historic average groundWater level 
of the doWnstream land parcel. 

11. An underground reservoir as de?ned in claim 10 
further comprising: 

a second uphill perforated pipe installed at a depth sub 
stantially equal to the historic loW groundWater level of 
the upstream land parcel, the second uphill perforated 
pipe in ?uid communication With the doWnhill perfo 
rated pipe; and 

a valve controlling Water ?oW from the second uphill 
perforated pipe to the doWnhill perforated pipe, 
Whereby selective activation of the valve alters a 
groundWater level of the upstream land parcel betWeen 
the historic high and the historic loW groundWater 
levels. 

12. An underground reservoir as de?ned in claim 1 further 
comprising an open reservoir formed Within the closed 
boundary of the slurry Wall. 

13. An underground reservoir as de?ned in claim 1 
Wherein: 

the slurry Wall de?nes an open boundary along one side 
of the underground reservoir; and 

the open boundary of the underground reservoir abuts an 
open reservoir to permit an exchange of Water betWeen 
the open reservoir and the underground reservoir. 

14. A method for storing Water in underground alluvial 
deposits comprising the steps of: 

constructing an underground slurry Wall de?ning a closed 
boundary around the underground alluvial deposits, the 
slurry Wall extending from a surface level to an 
aquiclude beneath the alluvial deposits so that a bottom 
surface of the slurry Wall is keyed into the aquiclude to 
form a substantially impermeable Water seal betWeen 
the slurry Wall and the aquiclude; and 

alternately extracting and recharging the underground 
alluvial deposits With Water. 

15. The method according to claim 14 Wherein the step of 
alternately extracting and recharging the alluvial deposits 
With Water includes the steps of: 

constructing a plurality of Wells distributed about an 
interior area of the slurry Wall; 

pumping Water under pressure through the plurality of 
Wells and into the alluvial deposits; and 

extracting Water from the alluvial deposits through the 
plurality of Wells. 

16. The method according to claim 14 Wherein the step of 
alternately extracting and recharging the alluvial deposits 
With Water includes the steps of: 

burying a series of perforated pipes at a predetermined 
depth Within the alluvial deposits; 

constructing a central Well in ?uid communication With 
the series of perforated pipes; 

pumping Water under pressure through the central Well 
and the series of perforated pipes and into the alluvial 
deposits; and 

extracting Water from the alluvial deposits through the 
series of perforated pipes and the central Well. 
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17. The method according to claim 16 wherein the step of 
burying a series of perforated pipes at a predetermined depth 
Within the alluvial deposits includes the steps of: 

excavating an open trench; 
supporting the perforated pipes Within the open trench on 

a pipe bedding formed from materials that are more 
coarse than the surrounding alluvial deposits; and 

?lling the open trench with materials that are more coarse 
than the eXcavated alluvial deposits to enhance Water 
flow to and from the perforated pipes. 

18. The method according to claim 14 further comprising 
the steps of: 

burying an uphill perforated pipe outside of the closed 
boundary of the underground slurry Wall Within an 
upstream land parcel at a depth betWeen a historic high 
and a historic loW groundWater level of the upstream 
land parcel; 

burying a doWnhill perforated pipe outside of the closed 
boundary of the underground slurry Wall Within a 
downstream land parcel at a depth betWeen a historic 
high and a historic loW groundWater level of the 
downstream land parcel; and 

connecting a non-perforated conduit betWeen the uphill 
perforated pipe and the doWnhill perforated pipe to 
remove excess groundwater from the upstream land 
parcel and transport the eXcess groundWater to the 
downstream land parcel to mitigate Water table ?uc 
tuations resulting from the construction of the under 
ground slurry Wall. 

19. Arnethod of mitigating Water table ?uctuations result 
ing from the construction of an underground alluvial reser 
voir comprising the steps of: 

burying an uphill perforated pipe outside of a boundary of 
the underground reservoir Within an upstream land 
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parcel at a depth betWeen a historic high and a historic 
loW groundWater level of the upstream land parcel; 

burying a doWnhill perforated pipe outside of the bound 
ary of the underground reservoir Within a downstream 
land parcel at a depth betWeen a historic high and a 
historic loW groundWater level of the downstream land 
parcel; and 

connecting a non-perforated conduit betWeen the uphill 
perforated pipe and the doWnhill perforated pipe to 
remove eXcess groundwater from the upstream land 
parcel and transport the eXcess groundWater to the 
downstream land parcel. 

20. The method according to claim 19 Wherein: 

the uphill perforated pipe is buried at a depth substantially 
equal to the historic high groundWater level of the 
upstream land parcel; and 

the doWnhill perforated pipe is buried at a depth substan 
tially equal to a historic average groundWater level of 
the downstream land parcel. 

21. The method according to claim 20 further comprising 
the steps of: 

burying a second uphill perforated pipe outside of the 
boundary of the underground reservoir at a depth 
substantially equal to the historic loW groundWater 
level of the upstream land parcel; 

?uidly connecting the second uphill perforated pipe With 
the doWnhill perforated pipe; and 

positioning a valve betWeen the second uphill perforated 
pipe and the doWnhill perforated pipe and selectively 
activating the valve to alter a groundWater level of the 
upstream land parcel betWeen the historic high and the 
historic loW groundWater levels. 

* * * * * 



US006840710C1 

(12) EX PARTE REEXAMINATION CERTIFICATE (8883rd) 
United States Patent (10) Number: US 6,840,710 C1 
Peters et a]. (45) Certi?cate Issued: Mar. 6, 2012 

(54) UNDERGROUND ALLUVIAL WATER (58) Field of Classi?cation Search ................... .. 405/53 
STORAGE RESERVOIR AND METHOD 

(75) Inventors: Stanley R. Peters, Castle Rock, CO 
(US); Randall R. Beeson, Arvada, CO 
(US); Donald O. Summers, Lakewood, 
co (Us) 

(73) Assignee: RAR Group, LLC, Lakewood, CO (U S) 

Reexamination Request: 
No. 90/009,713, Mar. 31, 2010 

Reexamination Certi?cate for: 
Patent No.: 6,840,710 
Issued: Jan. 11, 2005 
Appl. No.: 10/147,184 
Filed: May 15, 2002 

Related U.S. Application Data 

See application ?le for complete search history. 

(56) References Cited 

To vieW the complete listing of prior art documents cited 
during the proceeding for Reexamination Control Number 
90/009,713, please refer to the USPTO’s public Patent 
Application Information Retrieval (PAIR) system under the 
Display References tab. 

Primary Examinerileffrey L. Gellner 

(57) ABSTRACT 

An underground reservoir for storing Water in alluvial 
deposits utilizes slurry Walls keyed to an aquiclude beneath 
the reservoir to form a substantially impermeable Water seal. 
A variety of Water extraction/recharge apparatus provides 
for rapid and complete ?lling and draining of the under 
ground reservoir. Such apparatus includes a plurality of 
Wells distributed about the underground reservoir and a 
series of perforated pipes buried at a predetermined depth 

(60) Provisional apPliPation N°_~ 69/373,887, ?led on APL 19, Within the underground reservoir. A method of mitigating 
i223] gmgolgfvlslonal apphcanon NO‘ 60/290’785 ’ ?led on Water table ?uctuations resulting from the construction of an 

’ ' underground utilizes perforated pipes buried outside of the 
(51) IIlt- Cl- reservoir to transfer excess Water from an uphill land parcel 

365G 5/00 (200601) to a downhill land parcel that Would otherwise experience a 
Water shortage after construction of the underground reser 

(52) U.S. Cl. ......................... .. 405/57; 405/267; 405/270 voir. 

L J F LOODPLAIN 
SLURRY 

TOPSOIL 3"“ RRY WALL 

||||||r 
36 

‘ UNDERGROUND 
R§§ERyo|R 

a 
32 36 



US 6,840,710 Cl 
1 

EX PARTE 
REEXAMINATION CERTIFICATE 

ISSUED UNDER 35 U.S.C. 307 

THE PATENT IS HEREBY AMENDED AS 
INDICATED BELOW. 

Matter enclosed in heavy brackets [ ] appeared in the 
patent, but has been deleted and is no longer a part of the 
patent; matter printed in italics indicates additions made 
to the patent. 

AS A RESULT OF REEXAMINATION, IT HAS BEEN 
DETERMINED THAT: 

Claims 1, 2, 4-9 and 13-18 are determined to be patentable 
as amended. 

Claims 3 and 10-12, dependent on an amended claim, are 
determined to be patentable. 

Claims 19-21 were not reexamined. 

New claims 22-33 are added and determined to be patent 
able. 

1. An underground reservoir for storing water in alluvial 
deposits comprising: 

a slurry wall de?ning a closed boundary for the under 
ground reservoir, the slurry wall [extending] compris 
ing an open trench excavated from a surface level to an 
aquiclude beneath the reservoir so that [a bottom sur 
face of the slurry wall] the open trench is keyed into the 
aquiclude [to], wherein the open trench is ?lled with a 
liquid slurry that hardens within the open trench to 
form the slurry wall so that a bottom surface of the 
slurry wall within the keyed portion of the open trench 
[form] forms a substantially impermeable water seal 
[between the slurry wall and] with the aquiclude, and 
wherein the alluvial deposits within the closed bound 
ary of the underground reservoir are suitable for stor 
ing waterfor beneficial use; and 

a plurality of water extraction/recharge means distributed 
about the underground reservoir to provide for sub stan 
tially even ?lling and draining operations of the under 
ground reservoir with beneficial use water. 

2. An underground reservoir as de?ned in claim 1 wherein 
the plurality of water extraction/recharge means comprises: 

a plurality of wells distributed about the underground res 
ervoir; 

a plurality of pipes connecting each of the plurality of 
wells to a common point; and 

a pump to direct bene?cial use water under pressure 
through the plurality of wells and into the alluvial 
deposits of the underground reservoir during a recharg 
ing operation and to extract bene?cial use water from 
the alluvial deposits during an extraction operation. 

4. An underground reservoir as de?ned in claim 1 wherein 
the plurality of water extraction/recharge means comprises: 

a series of perforated pipes buried at a predetermined 
depth within the underground reservoir; and 

a central pressurized well in ?uid communication with the 
series of perforated pipes to direct bene?cial use water 
[under pressure] through the perforated pipes and into 
the alluvial deposits during a recharging operaton and 

2 
to extract bene?cial use water from the alluvial deposits 
through the perforated pipes during an extraction 
operation. 

5. An underground reservoir [as de?ned in claim 4 
5 wherein] for storing water in alluvial deposits comprising: 

a slurry wall de?ning a closed boundary for the under 
ground reservoir, the slurry wall extending from a sur 
face level to an aquiclude beneath the reservoir so that 
a bottom surface of the slurry wall is keyed into the 
aquiclude to form a substantially impermeable water 
seal between the slurry wall and the aquiclude; and 

a plurality of water extraction/recharge means distributed 
about the underground reservoir to provide for substan 
tially even?lling and draining operations ofthe under 
ground reservoir; 

wherein the plurality of water extraction/recharge means 
comprises: 
a series of perforated pipes buried at a predetermined 

depth within the underground reservoir, the series of 
perforated pipes [includes] including an outer perim 
eter of perforated pipes connected to the central pres 
suriZed well by a series of feeder perforated pipes in 
a rim-and-spoke con?guration; and 

a central pressurized well in ?uid communication with 
the series of perforated pipes to direct water under 
pressure through the perforated pipes and into the 
alluvial deposits during a recharging operation and 
to extract water from the alluvial deposits through 
the perforated pipes during an extraction operation. 

6. An underground reservoir as de?ned in claim 4 wherein 
the series of perforated pipes is installed at a predetermined 
depth within the underground reservoir utilizing [a] an open 
trench excavation method, and wherein each perforated pipe 
is supported on a pipe bedding formed from materials that 
are more coarse than the surrounding alluvial deposits. 

7. An underground reservoir as de?ned in claim 6 wherein 
the open trenches formed to bury the series of perforated 
pipes are ?lled with materials that are more coarse than the 
excavated alluvial deposits to enchance water ?ow to and 
from the perforated pipes. 

8. An underground reservoir as de?ned in claim 4 wherein 
the plurality of water extraction/recharge means further 
comprises: 

a plurality of wells distributed about the underground res 
ervoir; 

a plurality of pipes connecting each of the plurality of 
wells; and 

a pump to direct bene?cial use water under pressure 
through the plurality of wells and into the alluvial 
deposits of the underground reservoir during a recharg 
ing operation and to extract bene?cial use water from 
the alluvial deposits during an extraction operation. 

9. An underground reservoir [as de?ned in claim 1 further 
comprising] for storing water in alluvial deposits compris 
ing: 

a slurry wall de?ning a closed boundary for the under 
ground reservoir, the slurry wall extending from a sur 
face level to an aquiclude beneath the reservoir so that 
a bottom surface of the slurry wall is keyed into the 
aquiclude to form a substantially impermeable water 
seal between the slurry wall and the aquiclude; 

a plurality of water extraction/recharge means distributed 
about the underground reservoir to provide for substan 
tially even?lling and draining operations ofthe under 
ground reservoir; and 

a mitigation system to reduce water table ?uctuations in 
land parcels positioned upstream and downstream of 
the underground reservoir, the mitigation system com 
prising: 
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an uphill perforated pipe installed outside of the slurry 
Wall Within an upstream land parcel at a depth 
betWeen a historic high and a historic loW groundWa 
ter level of the upstream land parcel; 

a doWnhill perforated pipe installed outside of the 
slurry Wall Within a downstream land parcel at a 
depth betWeen a historic high and a historic loW 
groundwater level of the doWnstream land parcel; 
and 

a non-perforated conduit extending outside the slurry 
Wall and connecting the uphill perforated pipe to the 
doWnhill perforated pipe to remove excess ground 
Water from the upstream land parcel and transport 
the excess groundWater to the doWnstream land par 
cel. 

13. An underground reservoir [as de?ned in claim 1 
wherein] for storing water in alluvial deposits comprising: 

a slurry wall de?ning a boundary for the underground 
reservoir, the slurry wall extending from a surface level 
to an aquiclude beneath the reservoir so that a bottom 
surface ofthe slurry wall is keyed into the aquiclude to 
form a substantially impermeable water seal between 
the slurry wall and the aquiclude, wherein the slurry 
Wall de?nes an open boundary along one side of the 
underground reservoir; and 

a plurality of water extraction/recharge means distributed 
about the underground reservoir to provide for substan 
tially even?lling and draining operations ofthe under 
ground reservoir; 

wherein the open boundary of the underground reservoir 
abuts an open reservoir to permit an exchange of Water 
betWeen the open reservoir and the underground reser 
vo1r. 

14. A method for storing Water in underground alluvial 
deposits comprising the steps of: 

constructing an underground slurry Wall de?ning a closed 
boundary around the underground alluvial deposits, the 
slurry Wall [extending] comprising an open trench 
excavated from a surface level to an aquiclude beneath 
the alluvial deposits so that [a bottom surface of the 
slurry Wall] the open trench is keyed into the aquiclude 
[to form], wherein the open trench is ?lled with a liquid 
slurry that hardens within the open trench to form the 
slurry wall so that a bottom surface of the slurry wall 
within the keyed portion of the open trench forms a 
substantially impermeable Water seal [betWeen the 
slurry Wall and] with the aquiclude[and], and wherein 
the alluvial deposits within the closed boundary are 
suitablefor storing waterfor beneficial use; 

alternately extracting and recharging the underground 
alluvial deposits With bene?cial use Water; and 
monitoring an average level of bene?cial use water 

stored within the alluvial deposits. 
15. The method according to claim 14 [Wherein the step of 

alternately extracting and recharging the alluvial deposits 
With Water includes the steps], further comprising the step 
of: 

constructing a pluraltiy of Wells distributed about an inte 
rior area of the slurry [Wall; 

pumping Water under pressure through the plurality of 
Wells and into the alluvial deposits; and 

extracting Water from the alluvial deposits through the 
plurality of Wells] wall, wherein the stored beneficial 
use water is extracted from the alluvial deposits 
through the plurality ofwells. 

16. The method according to claim 14 [Wherein the step of 
alternately extracting and recharging the alluvial deposits 
With Water incudes] further comprising the steps of: 
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4 
burying a series of perforated pipes at a predetermined 

depth Wthin the alluvial deposits; and 
constructing a central Well in ?uid communication With 

the series of perforated pipes; 
[pumping Water under pressure through the central Well 

and the series of perforated pipes and into the Alluvial 
deposits; and 

extracting] wherein the stored bene?cial use Water is 
extracted from the alluvial deposits through the series 
of perforated pipes and the central Well. 

17. [The method according to claim 16] A method for 
storing water in underground alluvial deposits comprising 
the steps of' 

constructing an underground slurry wall de?ning a closed 
boundary around the underground alluvial deposits, 
the slurry wall extending from a surface level to an 
aquiclude beneath the alluvial deposits so that a bottom 
surface ofthe slurry wall is keyed into the aquiclude to 
form a substantially impermeable water seal between 
the slurry wall and the aquiclude; and 

alternately extracting and recharging the underground 
alluvial deposits with water; 

wherein the step of alternately extracting and recharging 
the alluvial deposits with water includes the steps of' 
burying a series of perforated pipes at a predetermined 

depth within the alluvial deposits; 
constructing a central well in ?uid communication with 

the series of perforated pipes; 
pumping water under pressure through the central well 

and the series ofperforatedpipes and into the allu 
vial deposits; and 

extracting water from the alluvial deposits through the 
series of perforated pipes and the central well; and 

Wherein the step of burying a series of perforated pipes at 
a predetermined depth Within the alluvial deposits 
includes the steps of: 
excavating an open trench; 
supporting the perforated pipes Within the open trench 
on a pipe bedding formed from materials that are 
more coarse than the surrounding alluvial deposits; 
and 

?lling the open trench With materials that are more 
coarse than the excavated alluvial deposits to 
enhance Water How to and from the perforated pipes. 

18. [The method according to claim 14 further] A method 
for storing water in underground alluvial deposits compris 
ing the steps of: 

constructing an underground slurry wall de?ning a closed 
boundary around the underground alluvial deposits, 
the slurry wall extending from a surface level to an 
aquiclude beneath the alluvial deposits so that a bottom 
surface ofthe slurry wall is keyed into the aquiclude to 
form a substantially impermeable water seal between 
the slurry wall and the aquiclude; 

alternately extracting and recharging the underground 
alluvial deposits with water; 

burying an uphill perforated pipe outside of the closed 
boundary of the underground slurry Wall Within an 
upstream land parcel at a depth betWeen a historic high 
and a historic loW groundWater level of the upsteram 
land parcel; 

burying a doWnhill perforated pipe outside of the closed 
boundary of the underground slurry Wall Within a 
doWnstream land parcel at a depth betWeen a historic 
high and a historic loW groundWater level of the doWn 
stream land parcel; and 




