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FIG. 1is a schematic diagram showing a first arrangement
of the present invention as implemented to monitor water
quality at a sampling site;

FIG. 2 is a schematic diagram showing a second arrange-
ments of the present invention as implemented to monitor
water quality at a sampling site;

FIG. 3A-3C are schematic diagrams showing alternative
arrangement of the present invention as implemented to
monitor water quality at a plurality of sampling sites;

FIG. 4 is a flow chart of a preferred embodiment of a
method of the present invention;

FIG. 5 is a diagram of a sampling site where the working
examples of the present invention were carried out;

FIG. 6 is a diagram showing an enlarged view of the
sampling site shown in FIG. 6;

FIG. 7 is a diagram showing a water quality monitoring
system in accordance with a first working example of the
present invention;

FIGS. 8 A-8F are graphs showing purge values in the first
working example of the present invention;

FIGS. 9A-9G are graphs comparing measurements of
various parameters obtained in the first working example of
the present invention with measurements manually taken
and those taken in a laboratory;

FIG. 10 is a table setting forth the results of a chemical
analysis of samples manually taken during sewage treatment
plant decommissioning;

FIGS. 11A-11E are graphs showing purge values in a
second working example of the present invention;

FIGS. 12A-12E are graphs showing water property and
constituent measurements taken in the second working
example of the present invention;

FIGS. 13A-13E are graphs showing purge values in a
third working example of the present invention.

FIGS. 14A-14E are graphs showing water property and
constituent measurements taken in the third working
example of the present invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

The present invention monitors the quality of water at a
ground water sampling site. For example, as shown in FIG.
1, the sampling site 1 may include a well 2 filled with water
to a level indicated by reference numeral 3. A probe 4 for
measuring water level and one or more water quality
attributes is submerged in the well, along with a pump 5 for
pumping water therefrom. Signal line 6 carries signals from
probe 4 to a control unit 7 located at the surface of the
sampling site. In an alternative arrangement, depicted in
FIG. 2, water quality probes 4' can be housed in a flow-
through chamber at or near the ground surface. In either
case, the pump output can go to an appropriate site, such as
a waste water location. Control unit 7 contains a processor
for executing a computer program defining the steps of the
method according to the present invention. Control unit 7
may be adapted to allow the computer program to be
preempted, either manually by a technician at the site or
automatically based on control signals transmitted from a
base station 11 via a communication network 9, to thereby
cause water quality to be monitored in a manner which
deviates from the computer program. Preempting in this
manner may be temporary or permanent.

Further, while the present invention may advantageously
operate in accordance with a sampling site as shown in
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FIGS. 1 and 2, it need not be so limited. Rather,
advantageously, the method of the present invention may be
adapted to monitor water quality in a manner specifically
tailored to any site configuration, simply by making com-
mensurate changes to the computer program and/or the
hardware used to implement the steps defined therein. Thus,
FIGS. 3A, 3B, and 3C depict arrangements for multiple
wells or samplers. In FIG. 3A water from a plurality of
closely spaced wells 2a, 2b, 2¢, . . . 2n is carried by water
lines Sa, 5b, Sc, . . . 5n to a water quality probe 4' which is
then coupled by signal line 6 to control unit 7 and the rest
of the system. FIG. 3B depicts an arrangement in which a
water quality probe 4a, 4b, 4c, . . . 4n is provided at each
well 2a, 2b, 2¢, . . . 2n and is coupled by a respective signal
line 6a, 6b, 6¢, . . . 6n to control unit 7 and the rest of the
system. FIG. 3¢ depicts an arrangement in which a control
unit 7a, 7b, 7c, . . . Tn is also provided at each well 24, 2b,
2¢,...2n.

Control unit 7 can be a commercially available data
logger capable of receiving measurement signals via line 6
from probe 4 or 4', storing those measurement signals in a
memory, and transmitting the measurement signals in a
memory, and transmitting the measurement signal, either in
real time or from storage, to communication network 9. In
addition, control unit 7 receives control signals generated at
base station 11 and transmitted via communication network
9 to control the operation of the equipment at the sampling
site. All of the equipment at the sampling site, including
pump 5, probe 4 and control unit 7, may be powered by
conventional methods, including battery power and solar
power. Further, if desired, pump 5 may be powered by a
compressed gas, such as nitrogen.

With the foregoing considerations in mind, the method of
the present invention commences with purging of the well to
eliminate stagnant water or water which has become con-
taminated by one or more natural and/or artificial influences.
Elimination of this water is accomplished by pumping water
from the well until at least one preselected purge criterion is
satisfied, at which time it is concluded that the water then in
the well is sufficiently purged so as to allow an accurate
water quality measurement to be taken.

The first step in accomplishing the purge is determining
the amount of water to be purged. This can be done by
estimating an appropriate amount or by measurement and
calculation. If the purge volume is estimated, historical
ground-water levels may be used to determine the required
purge volume. If the purge volume is to be calculated from
measured values, the water level is measured and recorded
before the purge cycle, and the control system 7 calculates
the required purge volume based upon the amount of water
in the well.

The purge criterion used to govern the purging step may
advantageously be selected to optimally match the chemical
constituents, sampling installations, and hydrogeologic fea-
tures particular to each well. The purge criterion can also be
modified to reflect chemical and hydrogeologic changes that
take place in the well over time.

The purge criterion, or criteria, governing the purging step
of the present invention may include evacuation of a pre-
determined volume of water from the well, and stabilization
of one or more water quality attributes taken during succes-
sive measurements during the purging step. Optionally, the
purging step may be performed until a plurality of such
purge criteria are satisfied. The water that has been purged
from the well is expelled away from the well in order to
prevent unpurged water in the well from being contami-
nated.
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A second step of the method of the present invention
involves automatically obtaining a measurement of at least
one water quality attribute, for example, via probe 4 or 4'.
The attribute measured may be a water quality property such
as water temperature, specific conductance, pH, or turbidity,
or a water quality constituent such as dissolved oxygen,
dissolved ammonium, or dissolved nitrogen. Preferably, a
plurality of these attributes are measured to provide an
enhanced indication of water quality in the well.

A third step of the method of the present invention
involves determining the quality of water in the well by
analyzing the one or more water quality attributes that have
been measured. This step may be performed manually by a
skilled technician or automatically by a computer, or both.
At least some type of processing of these measurements is
preferably performed on site in accordance with the com-
puter program controlling the method.

The method of the present invention may include a
number of additional steps. For example, one or more of the
water quality attribute measurements taken during the mea-
suring step may be automatically stored in a memory within
control unit 7. These measurements may then be transmitted
to a remote base station 11, either automatically or upon
request by the base station, and/or may be downloaded from
the memory upon request to a field technician at the sam-
pling site. Preferably, the memory may be used to create an
historical record of water quality attribute measurements,
which record can then be analyzed to provide an indication
of how water quality has changed at the sampling site over
time. Optionally, water quality attribute measurements
stored in the memory may be automatically transmitted at
regular intervals to the base station 11, where they are
compiled into an historical record for subsequent evaluation.
Further, the water quality measurements may be communi-
cated from the sampling site to base station 11 via commu-
nications network 9 to permit water quality monitoring to be
determined on a real-time basis. Network 9 may be a
land-based telephone line or a wireless communication link
such as a cellular telephone link, an RF link, and a satellite
link, any combination thereof, or any other communication
method.

Further, network 9 may be bidirectional in nature to
permit a technician at the base station 11 to communicate
instructions to control unit 7, for example, to access mea-
surement data therefrom and/or to preempt the computer
program driving control unit 7 to effect temporary or per-
manent changes in water quality monitoring at the site, e.g.,
to effect a change in sampling frequency.

As previously noted, the time, manner, and extent to
which water quality measurements are taken at the sampling
site may be defined by the computer program in control unit
7. This program may be written to control the pump and
probes to record a plurality of measurements of one or more
water quality attributes in accordance with a predetermined
schedule, with each measurement or set of measurements
being preceded by a purging step. The predetermined sched-
ule may be defined, for example, to cause the taking of
measurements at regular intervals of a number of hours,
days, or weeks, taking into consideration factors such as
local groundwater velocities and the time scale of various
chemical and transport processes of interest.

The computer program may also control the automatic
taking of water quality measurements at times when changes
in water quality are expected to occur, upon the occurrence
of a predetermined condition, or upon the detection of a
trend in water quality attribute measurements. Also, techni-
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cians at base station 11 may transmit instructions to control
unit 7 to facilitate the taking of water quality measurements
upon detection of a trend or an abrupt change in water
quality measurements. One skilled in the art, therefore, can
appreciate that, by making appropriate modifications to the
computer program in control unit 7, the method of the
present invention can monitor water quality at a sampling
site in virtually any desired manner.

In accordance with another aspect of the present
invention, the control program may be preempted to permit
a field technician to take manual measurements of one or
more water quality attributes at the site. These manual
measurements may then be used to verify accuracy of
measurements automatically taken in accordance with the
method of the present invention.

In another aspect of the method of the present invention,
the status of the sampling site may be monitored based on
instrumentation and equipment signals indicating, for
example, the existence of an error condition. These condi-
tions may include, for example, low water level, insufficient
power supply, malfunctioning equipment at the site, and an
indication that at least one water quality attribute obtained
during the measuring step lies outside a predetermined
range. Once an error condition has been detected, a warning
signal may be automatically transmitted to the base station
11 or may be downloaded at the site to alert a field technician
of the need for maintenance, repair, or recalibration. Upon
detection of such error data, the purging and measuring steps
of the present invention may be manually or automatically
performed to determine an updated status of the sampling
site.

FIG. 4 is a flow chart of steps included in the method of
the present invention. At step 100, an internal clock value is
determined and, at step 110, this value is compared with a
time schedule to determine whether the value corresponds to
a sampling time. If not, comparisons continue between
internal clock values and the programmed time schedule
until a match occurs. Then, a process is initiated wherein a
well water level measurement is taken (step 120), a mini-
mum purge volume is calculated based on the water level
measurement (step 130), and a status check is performed
(step 140).

More specifically, in step 140, a series of self tests is
initiated to monitor the status of the site. In step 150, if an
error is detected during the status check, existence of the
error is recorded and reported, along with the corresponding
sampling time (step 220), status values are recorded, and the
system is reset and returned to step 100. The error condition
may be reported either by storing warning data in memory,
and/or by automatically transmitting a warning signal to a
base station to alert a field technician so that repair can be
made.

If no error is detected in step 150, the control unit
activates a pump (step 160) to purge the well by an amount
of water commensurate with the calculated minimum purge
volume calculated in step 130. In step 170, the control unit
activates the probe 4 in the well during the purging process
to measure and record in memory preselected water quality
properties and constituents until the purge criteria are met.

In step 180, another series of self tests is initiated to
monitor the status of the site during purging. If an error is
detected, the purging and measuring steps are terminated,
the error is recorded and reported to alert a field technician
(step 220), the status values in existence at the time are
recorded, and the system is returned to step 100. If no error
is detected, purging continues, during which time the probe
is activated to calculate and record purge criteria values (step
190).



6,021,664

11

In step 200, a determination is made as to whether the
calculated and recorded purge criteria values have satisfied
the preselected purge criteria. If not, steps 170, 180, 190, and
200 are repeated until either an error is detected and steps
220 and 210 are performed or a determination is made that
the purge criteria have been satisfied. When the purge
criteria have been satisfied, representative water quality
property and constituent measurements are recorded in
memory as final values, and if desired are transmitted to the
base station 11. The control unit then returns to step 100 and
monitors the internal system clock until it is time to once
again initiate the process.

FIRST WORKING EXAMPLE

FIG. § is a diagram of an area where a first example of the
of the present invention was employed at the U.S. Geologi-
cal Survey (USGS) Toxic Substances Hydrology Program
Research Site on the Massachusetts Military Reservation in
Cape Cod, Mass. As shown FIG. 5, the site included a
plurality of sand infiltration beds 40 for disposing of sewage
effluent from a nearby sewage treatment plant containing an
Imhoff tank 41 and a plurality of clarifiers 42. Two wells
were drilled into the infiltration beds within a region 43 to
facilitate the implementation of the present invention.

The Cape Cod site was selected for two reasons. First,
pronounced changes in groundwater quality at the site were
expected to occur as a result of decommissioning activities
taking place at the sewage treatment plant. These decom-
missioning activities included the introduction of a large
pulse (e.g., 2 to 3 million gallons) of partially treated sewage
effluent into the infiltration beds, followed by a large pulse
(e.g. 1.4 million gallons) of sewage effluent caused by
chemical treatment of plant tanks, followed by a period of
cessation of sewage effluent discharge. This was expected to
cause geochemical changes in ground water at the site over
a long period of time as recharge from precipitation flushed
constituents from site soils and sediments. The Cape Cod
site therefore offered a prime opportunity to test perfor-
mance of the system and method of the present invention
against conventional manual sampling methods.

Second, the site contained unconsolidated deposits of
sand and gravel, which together formed a permeable uncon-
fined aquifer (water table) proven to be particularly well
suited for a short-term ground water quality investigation.

FIG. 6 is a diagram showing an enlarged view of the
region 43 of FIG. 5. At this region, two wells and a shelter
for housing electronics, instrumentation, equipment, and
other hardware for the system were emplaced in an infiltra-
tion bed 44 approximately 20 feet down gradient of a pond
area 46 constructed to form a line source of infiltrating
water. An arrow 45 indicates the general direction in which
ground water flowed in the region. Also shown is a semi-
elliptical area 47 of the bed behind an impoundment that
routinely flooded when flow rates from a discharge pipe 48
exceeded the infiltration capacity of the pond area 46. A
sewage distribution box 49 was connected to the discharge
pipe. Reference numerals 50 and 51 represent adjoining
sand infiltration beds.

FIG. 7 is a block diagram of the water quality monitoring
system. Two 2-inch-diameter polyvinylchloride wells 60
were emplaced at infiltration bed 44 for monitoring ground
water quality. One of the wells was screened from about 5
feet above to about 5 feet below the water table, determined
to be approximately 24 feet below the land surface. The
other well was screened from about 5 to 10 feet below the
water table. Each well was equipped with a QED bladder
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pump 61 for conducting a purging operation and a Keller
0-2.5 psi pressure transducer 62 for measuring the water
level.

As also shown in FIG. 7, the system included a control
unit 63 having an integral memory and connected to an
additional memory (not shown) for storing water quality
property and constituent measurements as measured by
sensors 62 and 72-76. The control unit 63 was a Campbell
Scientific Incorporated CR10 data logger programmed to
monitor the quality of water in accordance with the present
invention. The additional memory was a CSI SM192 solid
state storage device.

Because electric power and telephone lines were not
readily available at the site, batteries recharged by solar
panels 66 were used to power the control unit, memory, and
other electronics, and a nitrogen gas source 67 was used to
power the pumps through a pneumatic logic controller 68. It
is noted, however, that a battery/solar panel arrangement
similar to that used for powering the system electronics
could also have been used to power the pumping equipment.
A CSI DC112 cellular phone modem 65 was used to
establish communications between the control unit and a
base station.

As further shown in FIG. 7, a Plastomatic hand-operated
three-way valve 90 was placed near the beginning of the
flow train to divert the flow of water from the wells to enable
a manual sample to be collected through a sampling port 69.
A Y-inch flow sensor 70, by Data Industrial, monitored the
flow rate of water pumped through the system during
purging and recording periods.

A Hydrolab Multiprobe containing sensors 72—-76 was
used to measure respective values of temperature, specific
conductance, dissolved oxygen content, pH, and ammonium
in samples of well water diverted into a flow cell 71.
Operation of the multiprobe was controlled by control unit
63 via sensor controller 64. Other probes (not shown) were
provided to monitor nitrogen pressure, shelter air
temperature, battery voltage, and other parameters. Fluid
line 92, via relief valve 91, and fluid line 74 provided ways
of egress from the system. A legend 95 is provided to
indicate the manner of connection of features in the system.

In operation, the system purged water from the wells until
a purge criteria based on geochemical stability was satisfied.
Prior to purging, well water level was measured by probe 62
and the volume of water in the well was then calculated.
Purging then began, and a flowmeter 70 monitored the pump
rate during purging and sampling. As shown in FIGS.
8A-8E, purge values were recorded at regular intervals.
FIG. 8A is a graph showing the purge volume values during
purging. FIG. 8B is a graph showing water temperature
values during purging, FIG. 8C is a graph showing values of
pH during purging, FIG. 8D is a graph showing specific
conductance values during purging, and FIG. 8E is a graph
showing values of dissolved oxygen during purging. FIG. 8F
is a graph showing dissolved ammonia as mg/L nitrogen. In
accordance with a predetermined protocol, the medians of
the last five measurements of selected properties and con-
stituents were recorded as the final values representing the
quality of groundwater at the wells.

During testing, water quality properties and constituents,
as identified in FIG. 9 were measured at times based on
expected changes in ground water quality. Typically, a daily
time interval was used, except during times of abrupt water
quality change when measurements were taken every twelve
hours. The data stored in the system memory was either
downloaded into field technician’s laptop computer at the
sampling site or retrieved remotely via a cellular phone
modem.
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The system operated successfully throughout the period
of testing, and sufficient data was collected to demonstrate
that the water quality property and constituent measure-
ments obtained were at least equivalent to data obtained by
manual sampling methods using the same protocols.

FIG. 10 is a table setting forth the results of chemical
analyses of samples taken in accordance with the manual
method during the period of plant decommissioning. As
shown, measurements of water properties and constituents
were taken of samples at the plant during decommissioning
and of samples of ground water at the sampling site. At the
plant, specific measurements were taken of effluent samples
from the clarifier (1), the Imhoff tank (2), and the sludge
press (3). At the sampling sites, measurements were taken of
ground water existing prior to release of plant effluent (5)
and of ground water existing after release of plant effluent
(6, 7, 8). FIG. 10 also shows measurements of the following
chemical properties of plant and ground water samples:
alkalinity, hardness, chloride, bromide, sulfate, fluoride,
calcium, magnesium, sodium, potassium, iron, manganese
silica, ammonia or ammonium, nitrite nitrogen, nitrate
phosphorus, and orthophosphate.

The graphs of FIG. 9 compare measurements obtained by
the system with manual measurements taken in the field and
in a laboratory. In these graphs, the abscissa corresponds to
time measured in increments of days over approximately a
six month period, and the ordinate corresponds to scale
values for the water properties and constituents measured.
Also, in all but FIG. 9A, the graphs show daily measure-
ments taken by the system as dots, weekly measurements
taken by the system as crossed points, manual measurements
taken in the field as inverted triangles, and manual measure-
ments taken in a laboratory as upright triangles, with some
manual field measurements being taken on the same date as
manual laboratory measurements.

In implementing the manual technique, samples were
collected from the wells using an overflowing aspirated
bottle connected to sampling port 69 shown in FIG. 7, and
these samples were collected approximately every two
weeks. Manual measurements of water temperature, specific
conductance, and pH were obtained using laboratory-
calibrated field meters, e.g., Orion 290A and Orion 124
meters. Water-quality samples were also sent to the U.S.
Geological Survey National Water Quality Laboratory
(NWQL) for testing.

Manual measurements of dissolved oxygen greater than
0.9 mg/L. were determined by Winkler titrations, and manual
measurements of dissolved oxygen less than 1.0 mg/L were
determined by a CHEMetrics kit. During the study period,
pH remained below 9, therefore almost all ammonia in
solution was attributable to ammonium ions. Measurements
of dissolved ammonia/ammonium as nitrogen, determined
by a CHEMetrics kit, and the NWQL did not differentiate
between species. Samples for analysis by the NWQL of
dissolved ammonia as nitrogen, and other nitrogen species
were also collected about every two weeks as duplicates for
field measurements and to quantify nitrogen specification.

Equipment blanks (i.e., samples of deionized water pro-
cessed through all pumps and wetted parts of the system)
were analyzed at NWQL for concentrations of major ions
and nutrients. These samples were taken prior to installation
of the system to ensure that the system did not contribute
measurably to the water quality constituents measured in the
samples collected.

Recalibration and maintenance of the probes were per-
formed at frequencies suggested by manufacturers. Water
quality property and constituent measurements were
remotely retrieved at regular intervals through modem 65
and then examined to determine changes and/or trends in
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water quality. If a change or trend was detected, field
technicians were dispatched to take independent manual
measurements to substantiate the findings.

FIG. 9 shows the results obtained by the system against
the manual measurements. FIG. 9A is a graph showing the
precipitation that occurred throughout the testing period.
Lines 111 and 222 show periods of time when the sewage
plant was discharging to the infiltration bed at the sampling
site. Line 111 indicates a period during which a surge
occurred due to a sewage plant discharge, and line 222
indicates a period during which a surge occurred due to a
sludge press discharge. FIG. 9B compares water level mea-
surements taken by the system and manual measurements
obtained in the field and in a laboratory; FIG. 9C compares
specific conductance measurements; FIG. 9D compares pH
measurements; FIG. 9E compares water temperature mea-
surements; FIG. 9F compares dissolved oxygen measure-
ments; and FIG. 9G compares dissolved ammonium mea-
surements.

As shown by FIG. 9, the measurements obtained by the
system were closely correlated to those obtained by the
manual technique for all properties and constituents. Auto-
mated pH measurements (FIG. 9D) were slightly but con-
sistently lower than the laboratory and manual field mea-
surements. This discrepancy was attributable to
pressurization of the membrane in pH probe 75 caused by
elevated water pressure in flow cell 71 (FIG. 7).

The close correlation between the manual field measure-
ments and those obtained by the system was largely attrib-
utable to the remote communication capability of the system
via modem 65. With this capability, automated measure-
ments could advantageously be examined in real time, at any
time, from a home base station. Unexpected changes in
water quality prompted a site visit for manual calibration
and testing. On one particular occasion, a field visit con-
firmed that a membrane in ammonium probe 71 had failed
when substantial increases in ammonium concentrations
occurred in mid July. The erroneous measurements were
then removed and a no-data entry was made for that interval,
as shown by arrow 113 in FIG. 9G.

The tests performed at the Massachusetts site demon-
strated that the present invention was a highly valuable tool
for monitoring the quality of water at a sampling site, and
moreover provided a number of advantages over manual
methods.

Perhaps most notably, the system was able to produce
water quality measurements that were substantially equiva-
lent to those obtained by the manual method using identical
protocols. See FIG. 9. However, the system achieved this
equivalency automatically, i.e., without human intervention,
and thus in a substantially less burdensome manner.

More specifically, in order to implement the manual
method, technicians were required to visit the sampling site
with sensors and equipment in hand, making the manual
method cumbersome, time-consuming, and expensive to
employ. In contrast, the system of the present invention
measured a plurality of water quality attributes remotely, and
thus free from the costs and complexities incumbent upon
the manual system.

The system was also able to take measurements with a
much higher frequency than the manual method. As shown
in FIG. 9, automated measurements by the system were
taken daily to provide a real-time indication of water quality
at the well site. In contrast, because of labor costs and other
practical considerations, manual measurements were taken
approximately every two weeks. The manual method thus
provided a significantly less comprehensive indication of the
manner in which water quality changed throughout the
testing period.
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Advantageously, the system also automatically recorded
an array of geochemical and hydrologic properties of
groundwater at the sampling site. Discharges of plant eftlu-
ent and normal to high precipitation levels were not notable
in measured water levels because of the high hydraulic
conductivities of the aquifer. However, the effect of effluent
discharge on the geochemical and hydrologic properties of
groundwater at the site proved to be relatively rapid, e.g.,
about five to six days for specific conductance, about eight
to ten days for pH and ammonium, about three days for
water temperature, and about one day for dissolved oxygen.
Further advantageously, the system proved that it could
automatically monitor water quality at more than one well
simultaneously.

SECOND WORKING EXAMPLE

Asecond example of the process of the present invention,
utilizing purge criteria based upon geochemical stability,
was implemented at a USGS research site on Cape Cod,
Mass. During purging, the water quality properties
(turbidity, water temperature, pH, specific conductance, and
dissolved oxygen) were monitored until the variance of the
last five readings for each parameter was within a predeter-
mined range around the average of the last five recorded
values, as shown in FIG. 11. The process was performed
using three electrical peristaltic pumps to sample three tubes
in a multilevel sampling installation. A common set of
water-quality monitoring instruments was used, with dedi-
cated pumps sampling each port of the multilevel sampler
sequentially and recording values under automated control.
FIGS. 12A=12E are graphs showing ground water proper-
ties and constituents measurements of turbidity (FIGS.
12A), water temperature (FIG. 12B), pH (FIG. 12C), spe-
cific conductance (FIG. 12D), and dissolved oxygen (FIG.
12E), taken by the system. Overall, he system operated
successfully throughout the testing period, however on two
occasions the system was shut down because of equipment
freezing, as shown by arrows F.

THIRD WORKING EXAMPLE

Athird example of the present invention was successfully
employed at a sampling site in Plymouth, Mass. Purging
from a two-inch diameter well was performed until the purge
criteria of evacuation of at least three borehole volumes of
water was achieved, using an electrical submersible pump.
During purging, the same water quality attributes were
monitored to assure that geochemical stability had been
obtained after the three borehole volumes had been pumped
out. FIG. 13A shows the water level measurements obtained
during the purging process;, FIG. 13B shows the water
temperature measurements obtained; FIG. 13C shows the
pH measurements obtained; FIG. 13D shows the specific
conductance measurements obtained; and FIG. 13E show
the dissolved oxygen measurements obtained. FIGS.
14A-14E are graphs showing water quality measurements
of water level (FIG. 14A), water temperature (FIG. 14B), pH
(FIG. 140), specific conductance (FIG. 14D), and dissolved
oxygen (FIG. 14E) obtained during operation. Comparative
manual measurements were not taken.

Other modifications to and variations of the invention will
be apparent to those skilled in the art from the foregoing
disclosure. Thus, while only certain embodiments of the
invention have been specifically described herein, it will be
apparent that numerous modifications may be made thereto
without departing from the spirit and scope of the invention.

What is claimed is:

1. An automated method of unattended, continuous, real-
time monitoring the quality of ground water at a sampling
site, said method comprising the steps of:
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(a) measuring the water level at the sampling site;

(b) calculating a minimum purge volume for the sampling
site, based on the measured water level;

(c) purging at least the minimum purge volume from the
sampling site;

(d) monitoring at least one of (i) a preselected water
quality property of the water being purged from the
sampling site, and (ii) a water quality constituent of the
water being purged from the sampling site;

(e) comparing the monitored water quality property and
water quality constituent with a selected purge crite-
rion; and

(f) recording the monitored water quality property and
water quality constituent when the monitored water
quality property and water quality constituent compare
favorably with the selected purge criterion,

wherein steps (d) and (e) are performed in accordance
with a predetermined schedule and with a frequency
sufficient to enable detection of a trend in measurement
values of the at least one of the water quality property
and the water quality constituent.

2. The method claimed in claim 1, wherein steps (b)

through (f) are controlled by a computer program.

3. The method claimed in claim 2, wherein said computer
program causes steps (b) through (f) to be performed when
changes in water quality at the sampling site are expected to
occur.

4. The method claimed in claim 2, wherein the computer
program is adapted to be preempted by instructions, from an
external source, for controlling steps (b) through (f).

5. The method claimed in claim 1, further comprising the
step of:

(g) automatically storing in a memory the record of the
water quality property and water quality constituent
recorded in step (f).

6. The method claimed in claim 5, further comprising the

step of:

(h) downloading the record of the stored water quality
property and water quality constituent memory.

7. The method claimed in claim 1, further comprising the

steps of:

(g) receiving a signal requesting transmission of the
measurement value to a remote base station; and

(h) trapnsmitting the measurement value to the remote base
station in response to the request signal.

8. The method claimed in claim 1, further comprising the

steps of:

(g) sensing the status of present conditions at the sampling
site; and

(h) terminating at least one of steps (b) through (f) when
step (g) indicates an error condition.

9. The method claimed in claim 8, further comprising the

step of:

(i) transmitting a signal indicative of the error condition to
a base station remote from the sampling site.

10. The method claimed in claim 9, wherein step (i) is
performed automatically upon indication of the error con-
dition.

11. The method claimed in claim 8, wherein the error
condition includes at least one of low water level, insuffi-
cient power supply, equipment malfunction, and detection
that the at least one of the water quality property and the
water quality constituent obtained during step (d) lies out-
side a predetermined range.

12. The method claimed in claim 1, further comprising the
steps of:
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(g) automatically repeating step (d) to obtain a plurality of
measurement values of the at least one of the water
quality property and the water quality constituent over
a predetermined interval of time; and

(h) determining the degree to which the water quality at
the sampling site has changed over the predetermined
interval of time based on the plurality of measurement
values.

13. The method claimed in claim 12, further comprising
performing a repetition of step (c) before each repetition of
step (d).

14. The method claimed in claim 12, wherein step (d) is
repeated periodically in accordance with a predetermined
sampling schedule throughout the predetermined interval of
time.

15. The method claimed in claim 1, further comprising the
step of:

(g) expelling from the sampling site water purged during
step (¢) to prevent contamination of unpurged water
remaining at the sampling site.

16. The method claimed in claim 1, wherein the water
quality property includes at least one of water temperate,
specific conductance, pH, and turbidity.

17. The method claimed in claim 1, wherein the water
quality constituent includes at least one of dissolved oxygen,
dissolved ammonium, and dissolved nitrogen.

18. The method claimed in claim 1, wherein the sampling
site includes a plurality of sampling locations, and steps
(a)«(f) are repeated for each sampling location.

19. The method claimed in claim 1, wherein step (b)
comprises calculating an amount of water to be purged from
the sampling site to cause the at least one of the water quality
property and the water quality constituent to be stabilized to
within a predicted range.

20. The method claimed in claim 1, further comprising the
steps of:

(g) activating a transmitter at a remote base station to
request transmission of the measurement value to the
remote base station; and

(h) transmitting the measurement value to the remote base
station in response to the request signal from the remote
base station.

21. The method claimed in claim 1, further comprising:

(g) recording the monitored water quality property and
water quality constituent during step (d).

22. An automated method of unattended, continuous,
real-time monitoring of the quality of ground water at a
sampling site, said method comprising the steps of:

(a) measuring the water level at the sampling site;

(b) calculating a minimum purge volume for the sampling

site, based on the measured water level,

(c) purging at least the minimum purge volume from the
sampling site;

(d) monitoring at least one of (i) a preselected water
quality property of the water being purged from the
sampling site, and (ii) a water quality constituent of the
water being purged from the sampling site;

(e) comparing the monitored water quality property and
water quality constituent with a selected purge crite-
rion; and

(0) recording the monitored water quality property and
water quality constituent when the monitored water
quality property and water quality constituent compare
favorably with the selected purge criterion,

wherein steps (d) and (e) are performed in accordance
with a predetermined schedule and with a frequently
sufficient to enable detection of an abrupt change in the
obtained measurement values.
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23. The method claimed in claim 22, wherein steps (b)
through (f) are controlled by a computer program.

24. The method claimed in claim 23, wherein said com-
puter program causes steps (b) through (f) to be performed
when changes in water quality at the sampling site are
expected to occur.

25. The method claimed in claim 23, wherein the com-
puter program is adapted to be preempted by instructions,
from an external source, for controlling steps (b) through (f).

26. The method claimed in claim 22, further comprising
the step of:

(g) automatically storing in a memory the record of the
water quality property and the water quality constituent
recorded in step (f).

27. The method claimed in claim 26, further comprising

the step of:

(h) downloading the record of the stored water quality
property and water quality constituent from the
memory.

28. The method claimed in claim 22, further comprising

the steps of:

(g) receiving a signal requesting transmission of the
measurement value to the remote base station; and

(h) trapnsmitting the measurement value to the remote base
station in response to the request signal.

29. The method claimed in claim 22, further comprising

the steps of:

(g) sensing the status of preselected conditions at the
sampling site; and

(h) terminating at least one of steps (b) through (f) when
step (g) indicates an error condition.

30. The method claimed in claim 29, further comprising

the step of:

(i) transmitting a signal indicative of the error condition to
a base station remote from the sampling site.

31. The method claimed in claim 30, wherein step (i) is
performed automatically upon indication of the error con-
dition.

32. The method claimed in claim 29, wherein the error
condition includes at least one of low water level, insuffi-
cient power supply, equipment malfunction, and detection
that the at least one of the water quality property and the
water quality constituent obtained during step (d) lies out-
side a predetermined range.

33. The method claimed in claim 22, further comprising
the steps of:

(g) automatically repeating step (d) to obtain a plurality of
measurement values of the at least one of the water
quality property and the water quality constituent over
a predetermined interval of time; and

(h) determining the degree to which the water quality at
the sampling site has changed over the predetermined
interval of time based on the plurality of measurement
values.

34. The method claimed in claim 33, further comprising
performing a repetition of step (c) before each repetition of
step (d).

35. The method claimed in claim 33, wherein step (d) is
repeated periodically in accordance with a predetermined
sampling schedule throughout the predetermined interval of
time.

36. The method claimed in claim 22, further comprising
the step of:

(g) expelling from the sampling site water purged during
step (¢) to prevent contamination of unpurged water
remaining at the sampling site.

37. The method claimed in claim 22, wherein the water

quality property includes at least one of water temperature,
specific conductance, pH, and turbidity.
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38. The method claimed in claim 22, wherein the water
quality constituent includes at least one of dissolved oxygen,
dissolved ammonium, and dissolved nitrogen.

39. The method claimed in claim 22, wherein the sam-
pling site includes a plurality of sampling locations, and
steps (a)—(f) are repeated for each sampling location.

40. The method claimed in claim 22, wherein step (b)
comprises calculating an amount of water to be purged from
the sampling site to cause the at least one of the water quality
property and the water quality constituent to be stabilized to
within a predetermined range.

41. The method claimed in claim 22, further comprising
the steps of:

(g) activating a transmitter at a remote base station to

request transmission of the measurement value to the
remote base station; and

(h) transmitting the measurement value to the remote base
station in response to the request signal from the remote
base station.

42. The method claimed in claim 22, further comprising:

(g) recording the monitored water quality property and
water quality constituent during step (d).

43. Apparatus for monitoring the quality of ground water

in a sampling site, said apparatus comprising:

a transducer for measuring the water level in the sampling
site;

a pump for purging water from the sampling site;

a sensor for monitoring at least one of (i) a preselected
water quality property of the water being purged from
the sampling site, and (ii) a water quality constituent of
the water being purged from the sampling site; and

a controller for causing unattended, continuous, real-time
monitoring of the ground water quality by (i) calculat-
ing a minimum purge volume for the sampling site,
based on the measured water level (ii) controlling the
pump to purge at least the minimum purge volume from
the sampling site, (iii) controlling the sensor to monitor
the at least one of the preselected water quality property
and water quality constituent, (iv) comparing the moni-
tored water quality property and water quality constitu-
ent with a selected purge criterion, and (v) recording
the monitored water quality property and water quality
constituent when the monitored water quality property
and water quality constituent compare favorably with
the selected purge criterion, said controller causing
such monitoring and comparing in accordance with a
predetermined schedule and with a frequency sufficient
to enable detecting of a trend in measurement values of
the at least one of the water quality property and the
water qualify constituent.

44. Apparatus for monitoring quality of ground water in

sampling site, said apparatus comprising:

a transducer for measuring the water level in the sampling
site;

a pump for purging water from the sampling site;

a sensor for monitoring at least one of (i) a preselected
water quality property of the water being purged from
the sampling site, and (ii) a water quality constituent of
the water being purged from the sampling site; and

a controller for causing unattended, continuous, real-time
monitoring of the ground water quality by (i) calculat-
ing a minimum purge volume for the sampling site,
based on the measured water level, (ii) controlling the
pump to purge at least the minimum purge volume from
the sampling site, (iii) controlling the sensor to monitor
the at least one of the preselected water quality property
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and water quality constituent, (iv) comparing the moni-
tored water quality property and water quality constitu-
ent with a selected purge criterion, and (v) recording
the monitored water quality properly and water quality
constituent when the monitored water quality property
and water quality constituent compare favorably with
the selected purge criterion, said controller causing
such monitoring and comprising in accordance with a
predetermined schedule and with a frequency sufficient
to enable detection of an abrupt change in the obtained
measurement values.

45. Apparatus for monitoring quality of ground water in

a well, said apparatus comprising:
a transducer for measuring the water level in the well;
a pump for purging water from the well;

a sensor for monitoring at least one of (i) a preselected
water quality property of the water being purged from
the well, and (ii) a water quality constituent of the water
being purged from the well; and

a controller for causing unattended, continuous, real-time
monitoring of the ground water quality by (i) calculat-
ing a minimum purge volume for the well, based on the
measured water level, (ii) controlling the pump to purge
at least the minimum purge volume from the well, (iii)
controlling the sensor to monitor the at least one of the
preselected water quality property and water quality
constituent, (iv) comparing the monitored water quality
property and water quality constituent with a selected
purge criterion, and (v) recording the monitored water
quality property and water quality constituent when the
monitored water quality property and water quality
constituent compare favorably with the selected purge
criterion, said controller causing such monitoring and
comparing in accordance with a predetermined sched-
ule and with a frequency sufficient to enable detection
of an abrupt change in the obtained measurement
values.

46. Apparatus for monitoring the quality of ground water

in a well said apparatus comprising:

a transducer for measuring the water level in the well;

a pump for purging water from the well;

a sensor for monitoring at least one of (i) a preselected
water quality property of the water being purged from
the well, and (ii) a water quality constituent of the water
being purged from the well; and

a controller for causing unattended, continuous, real-time
monitoring of the ground water quality by (i) calculat-
ing a minimum purge volume for the well, based on the
measured water level, (ii) controlling the pump to purge
at least the minimum purge volume from the well, (iii)
controlling the sensor to monitor the at least one of the
preselected water quality property and water quality
constituent, (iv) comparing the monitored water quality
property and water quality constituent with a selected
purge criterion, and (v) recording the monitored water
quality property and water quality constituent when the
monitored water quality property and water quality
constituent compare favorably with the selected purge
criterion, said controller causing such monitoring and
comparing in accordance with a predetermined sched-
ule and with a frequency sufficient to enable detection
of a trend in measurement values of the at least one of
the water quality property and the water quality con-
stituent.



