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MONITORING PERCHED GROUND WATER
IN THE VADOSE ZONE

L. G. Wilson and K. D. Schmidts

ABSTRACT: Traditional techniques for monitoring the mass flux of pollutants in the vadose
zone involve obtaining point samples of solute, either by core sampling of solids, followed by
laboratory extraction, or by installation of suction probes. An alternative sampling technique,
discussed in this paper, is to sample perched ground water within the vadose zone. Large
amounts of water may be pumped for sampling purposes from wells drilled into productive,
perched ground -water bodies. Alternatively, cascading water from perched regions may be
sampled in wells with perforations above the water table. Analytical results of samples from
such wells are more representative of regional conditions than small point samples. Case studies
are presented on sampling from perched ground water underlying a point source (an oxidation
pond), a line source (an ephemeral stream), and a diffuse source (irrigation return flow).
(KEY TERMS: perched ground water; vadose zone; water quality monitoring; sampling pro-
cedures; irrigation return flow.)

INTRODUCTION

With increasing use of the land as a recipient of waste water and solid wastes, including
hazardous wastes, it has become apparent that a comprehensive ground -water quality
monitoring program must include sampling in the vadose zone. Such sampling is particu-
larly important in regions with deep water tables where the transit time of pollutants may
be in decades or centuries. In these regions monitoring of water quality at the well dis-
charge would reflect pollution a substantial time after the pollution was initiated.

Prime sources requiring monitoring in the vadose zone include seepage from pits,
ponds and lagoons, used for disposal of municipal and hazardous waste; leachate from
landfills; seepage from ephemeral streams used for waste water disposal; and deep percola-
tion of irrigation water. Vadose zone monitoring is mandatory if radioactive wastes are
buried within unsaturated sediments in arid regions, as proposed by Winograd (1974).

Sampling of pollutants in deeper regions of the vadose zone has generally comprised
extrapolating techniques used in soil horizons. For example, Rible, et al. (1975), reported
an intensive drilling program in irrigated areas of California to determine the vertical
distribution of nitrates. Soil samples were obtained at depths up to 50 feet and saturated
extracts were prepared and analyzed. Alternatively, Apgar and Langmuir (1971) used

1 Respectively, Hydrologist, Water Resources Research Center, University of Arizona, Tucson,
Arizona 85721; and Groundwater Quality Consultant, 1111 Fulton Mall, Suite 306, Fresno, California
93721.
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soil water suction cup samplers to monitor leachate migration at depths up to 60 feet in
alluvium underlying a sanitary landfill.

Problems or limitations of using these methods in soils are magnified in depth within
the vadose zone. For example, because of the spatial variability of soil properties, point
water samples may not reflect the average chemical composition of the soil solution
(Biggar and Nielsen, 1976; Lund and Pratt, 1977). During their soil sampling program
for nitrates in fields ranging from 62 to 222 acres in size, Pratt, et al. (1977), found it
necessary to sample 23 to 161 sites per field to ensure results within 10 percent of the
true mean. Similar results were obtained by Biggar and Nielsen (1976) during field
studies in which suction cup samples were used to estimate the velocity of solutes in soils.
In particular, it was found that 100 observations were required to estimate the mean pore
velocity with ±50 percent of the true value.

In thick vadose zones, the spatial variability of hydraulic properties assumes a three -
dimensional character, obviating approaches such as suction cups or drilling for char-
acterizing mean solute concentrations. The costs required to obtain sufficient drill
samples or to install enough cups to ensure meaningful results would prohibit these ap-
proaches. Other problems with suction cups for sampling in the vadose zone should be
noted. Suction cups fail at soil water pressures less than about -0.8 atm, and do not
readily yield large volumes of water for determining virus and organics except in saturated
soils.

As an alternative to these methods, it is frequently possible to extract water samples
from perched ground -water regions of the vadose zone. These samples reflect conditions
below the root zone or topsoil and above the water table, thus providing an indication of
the quality of water integrated over a large part of the vadose zone. In addition, perched
ground -water bodies can yield relatively large volumes of water, when sampling for virus
and organics.

The purposes of this paper are to review conditions favoring the formation of perched
ground water; to summarize several case studies on monitoring perched ground water; to
suggest alternative monitoring methods to those now widely used; and to discuss the
limitations of such methods.

OCCURRENCE OF PERCHED GROUND WATER

It is commonly assumed that perched ground water is always created by a relatively
impermeable layer which impedes vertical water movement. Although this concept is
true, perched ground water may also develop at the interface between two layered regions
which individually may be quite permeable.

Figure 1, reproduced from Bear, et al. (1968), illustrates the requisite condition for
perched ground -water formation when a region of higher permeability overlies a region of
lesser permeability in the vadose zone. For the first case, the flow rate q is less than K2,
the hydraulic conductivity in the lower strata. Flow is unsaturated and water could not
be extracted from the system except by means of a suction cup. In the second case, q
equals K2 and the soil water pressure is atmospheric. Again, it may not be possible to
obtain a water sample except by means of a suction cup. In the third case, q is greater
than K2 and a region of positive water pressure is present at the interface. Water samples
could be obtained from a well or open cavity.

An example of perched ground -water formation under conditions of the third case is
shown on Figure 2. This figure illustrates a sequence of water content profiles obtained
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Figure 1. Pressure Head Diagram in a Transition From a More Permeable
to a Less Permeable Layer (after Bear, et al., 1965).

by a neutron moisture logger in an access well near the Santa Cruz River, at Tucson,
Arizona. The sequence was obtained during a series of flood flows in the ephemeral
stream. Depth to water table at the site was about 80 feet when the profiles were ob-
tained. On December 13, 20, and 22, 1967, the vadose zone was essentially drained. On
December 23 a distinct perched ground -water mound was observed in the region near
30 -foot depth. Grain size analysis of drill cuttings obtained during construction of a near-
by well indicated a greater percentage of gravel in this region than elsewhere in the profile
(Osborne, 1969). However, the underlying sediments are still classified as coarse. Ap-
parently, river water moves laterally through the coarse zone and because the vertical
permeability of underlying sediments is less, a perched region is created. Water drains
from the perched zone creating a mound above the water table. Eventually, on Decem-
ber 28, the 80 -foot profile was almost completely filled, except for a transition region
between the perched zone and the mound.
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Figure 2. Water Content Profiles, Tube No. 8, 1967.

Perched ground water occurs under a wide variety of hydrogeological conditions. The
example shown in Figure 2 occurred in alluvium of the Basin and Range Physiographic

137



Monitoring Perched Ground Water in the Vadose Zone

Province. This province extends throughout Nevada and Arizona and a portion of Utah,
between the Sierra Nevada and Colorado Plateau. The province is characterized by
northwest- southeast trending mountain blocks and intervening basins. The basins were
filled or partially filled with sediments from the mountain blocks during tertiary times.
Typically, the sediments are highly layered, favoring the formation of perched ground
water at the interface between lithologic units. Drillers frequently encounter perched
ground water during well construction.

Fine lacustrine deposits, interfingering with alluvium of the Basin and Range Province,
also favor the formation of perched ground water. A report of the United States Bureau
of Reclamation (1977) states that in all of the major ground -water basins of Pinal and
Maricopa Counties in Arizona four distinct bodies of ground water occur where lacustrine
deposits are present. The uppermost body is a semiperched or perched body of poor
quality water that occurs at depths of about 100 feet or more below ground surface in the
upper alluvial unit.

Cascading water in numerous wells in the East Basin of the Salt River Valley reflects
the presence of two extensive regions of perched ground water (see Figure 3). Ground-
water contour maps for 1972 indicate that water levels in these perched regions ranged
from 50 to 150 feet above those in the main aquifer. The primary sources of ground-
water recharge in the East Basin are seepage from canals and return flow from excess irri-
gation. Percolating water from these sources could be monitored by sampling from the
two perched ground -water regions.

Another physiographic region in which extensive perched ground -water bodies have
been observed is the California trough, which includes the entire Central Valley. The
trough lies between the Coast Ranges on the west and the Sierra Nevada Mountains on the
east. The San Joaquin Valley comprises the southern part of the Central Valley. Three
lake beds in the southern San Joaquin Valley acted as closed basins under natural condi-
tions (Croft, 1972). Flood basin, lacustrine, and marsh deposits beneath these lake beds
consist of neàrly impermeable fine sand, silt, and clay. These deposits branch into
tongues, interfingering with alluvium in parts of the valley trough. Six clay tongues have
been designated in descending order by the letter symbols A through F.

The A -clay is a fine grained lacustrine or paludal deposit composed mainly of silty
sandy clay. In some areas, the clay is interbedded with a few lenses or stringers of fine
to medium sand. The A -clay is generally less than 60 feet thick and the top occurs at a
depth of from 10 to 60 feet beneath Buena Vista, Kern, and Tulare Lake beds and parts
of the Fresno Slough. The A-clay occurs in an elongate pattern along the valley trough,
and averages about 8 to 10 miles in width. In Kern County, two areas are underlain by
the clay and each is more than 20 miles long. In Kings County, an area over 30 miles
long north of the Tulare Lake Bed, is underlain by the clay. In Fresno County, two areas
are underlain by the clay, both over 20 miles in length. Haskell and Bianchi (1967) found
that the hydraulic conductivity of this perching layer in western Fresno County was less
than 10 -5 ft /day.

Water level data indicate that the A -clay is an effective confining bed throughout most
of its extent. Croft (1972) indicated that a shallow water body occurs in the strata above
the A -clay in irrigated areas. The water level in the shallow strata generally is from 3 to 25
feet below land surface. This shallow water has created subsurface drainage problems and
necessitated an extensive system of tile drains. Sampling of water from this perched
ground -water zone can thus provide a good indication of the quality of irrigation return
flow.
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Figure 3. Location of Perched Ground Water in the East Basin of the Salt
River Valley (after Laney, Ross, and Litten, 1978).

Tolman (1937) reported on perched water tables in the Tintic mining district of Utah,
where decomposed igneous rocks lie above quartzite and limestone. Wells in the district
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obtain water from the igneous rocks but deeper wells within the limestone and quartzite
encounter a second vadose zone. Tolman also discussed the extensive perched water
tables in the Hawaiian Islands which develop in strata of permeable lava interbedded with
volcanic ash. According to Tolman, "Here the study of perched water tables has become
an important phase of hydraulic engineering and ground water geology."

An example of perched ground water in a region of volcanics in Fort Valley, Coconino
County, Arizona, was reviewed by Dewitt (1973). Depths to the regional ground -water
body is generally about 1750 feet in the valley. However, perched ground water is found
in highly fractured volcanic zones overlying clays. Wells tapping the shallow perched
ground water are generally of sufficient capacity for domestic needs.

CASE STUDIES OF MONITORING PERCHED GROUND WATER

Sanitary Landfill - Tucson, Arizona

The potential of sampling perched ground water to represent vadose zone water quality
may be dramatically illustrated by results of a field monitoring program near Tucson,
Arizona. A study was initiated in the summer of 1971 to determine the migration of pol-
lutants beneath a new oxidation pond. The site is within 500 feet of the Santa Cruz
River. Underlying sediments are predominantly flood plain alluvium. At the time of the
study', a sanitary landfill was also in operation along the banks of the river. During con-
struction of the landfill, pits were excavated to depths up to 30 feet below land surface.
At that time dikes were not provided to protect against possible river inundation.

Monitoring facilities within the oxidation pond included two four -inch diameter PVC
wells, with screened well points. These wells were installed specifically to sample perched
ground water at depths of 40 feet and 60 feet below land surface. An access well was
also installed in the pond to permit moisture logging by neutron probe. The well con-
tained a screened well point to permit sampling the ground water at 100 feet. Water
samples bailed from the wells were used to analyze for major constituents, pH, specific
conductance, coliform bacteria, and chemical oxygen demand.

From August 17, 1971, through August 22, 1971, a flood occurred in the Santa Cruz
River. A peak flow of 2190 cfs occurred on August 20 at a nearby gaging station (United
States Geological Survey, 1972). During the flood, river water flowed into, and inundated
a partially filled cell of the landfill. Within 10 days the arrival of leachate was detected
in samples from the 60 -foot PVC well by a marked change in water quality. A chemical
hydrograph for chloride is shown on Figure 4 for illustrative purposes. The chloride level
on August 27 was 88 mg /1. Between August 27 and September 3, chloride increased from
the background level to a maximum value of 570 mg /l. Thereafter, chloride levels de-
creased until October 31, when the background value was approached. Similar trends
occurred in other constituents (Small, 1973). For example, during the same period shown
on Figure 4, total dissolved solids content increased from 785 mg /1 to 1940 mg /1; and
nitrate increased from 24 mg /1 to 168 mg /1.

The presence of landfill leachate in the 60 -foot well, as evidenced by chemical quality
data, was not accompanied by a similar response in samples from the overlying 40 -foot
PVC well or in the deeper 100 -foot access tube. That is, inflow of river water and
leachate to the monitoring network occurred mainly above a perching layer near the 60-
foot depth. The presence of leachate in the 60 -foot well and not in the 40 -foot well
shows that well location in the vadose zone may be somewhat fortuitous. Similarly, if
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samples from the vadose zone had not been obtained it might have been erroneously con-
cluded that leachate migration was insignificant.
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Figure 4. Chloride Ion Breakthrough, 60 -foot PVC Well
Located 500 feet From Ina Road Sanitary Landfill.

Effluent Recharge in an Ephemeral Stream Channel

Wilson, et al. (1975), reported on a program to monitor recharge of waste water from
the City of Tucson treatment plant during disposal in the Santa Cruz River. The monitor-
ing site was about five miles upstream of the landfill site, discussed above. Included in
the monitoring network was a 40 -foot deep well installed within perched ground water
above a caliche layer. A nearby well terminated slightly below the water table, at 70
feet in depth. Samples were obtained from the well network once or twice a week during
January through May 1975. Results indicated that total nitrogen was reduced from an
average of 32.1 mg /1 in the effluent source, to 6.9 mg /1 in the perched ground water - an
overall reduction of about 78 percent during flow through 40 feet of vadose zone sedi-
ments above the water table. Total reduction in nitrogen during 70 feet of flow was 88
percent, as evidenced from samples in the deeper well. These findings confirm the re-
sults of well water sampling in the area for 1971 -1972, as reported by Schmidt (1973).
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Return Flow of Irrigation Water

The studies described above illustrate vadose zone monitoring for point (landfill) and
line (Santa Cruz River) sources. Although such cases are important, monitoring of perched
ground water may have the greatest applicability in regions with diffuse sources, such
as irrigation return flow to ground water. Two examples of monitoring deep percolation
of irrigation water are presented.

The first example is for an area near Coolidge, Arizona, irrigated with sewage effluent
from a nearby oxidation pond. The City of Coolidge is located 46 miles southeast of
Phoenix. Chemical analyses of water samples from two wells in the area are shown on
Table 1. The sample from well (D- 5- 8)29ddd, an abandoned irrigation well, represents
irrigation return flows cascading into the well from perched ground water near the 100 -
foot depth. Apparently, perched ground water entered the casing either through perfora..
tions exposed as the water levels declined in the area, or through other openings in the
casing. The other analyses shown on Table 1 represents the quality of water pumped from
nearby well (D- 5- 8)29dcd, a large capacity irrigation well.

TABLE 1. Chemical Analyses of Water From Wells at
Coolidge, Arizona (values are in mg /1).

Well Well Discharge Cascading Water

Well Location (D- 5- 8)29dcd (D- 5- 8)29ddd

Date 10 -22 -73 10 -20-73

Total Soluble Salt 1,059.0 7,020.0
Calcium 94.0 652.0
Magnesium 27.0 131.0
Sodium 230.0 1,550.0
Chloride 396.0 2,224.0
Sulfate 189.0 2,109.0
Carbonate 0.0 0.0
Bicarbonate 112.0 263.0
Fluoride 1.0 4.9
pH 7.7 7.5

Potassium - - - - - -
Nitrate 10.0 88.0

The data on Table 1 illustrate that the quality of the cascading water sample was
markedly poorer than the quality of the pumped sample. The total dissolved salt content
of the sample of cascading water was 7020 mg /1, compared to 1059 mg /1 in water from
the pumping well. Note the high concentrations of chloride, sulfate, and nitrate compared
to corresponding concentrations in the pumping well.

The primary lesson from this example is that if only water samples from the pump dis-
charge had been used to monitor return flow, it could have been erroneously concluded
that little or no problem existed. However, the cascading water sample clearly showed
that water of very poor quality was in transit through the vadose zone. Consequently, if
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the source is not mitigated or entirely eliminated, pumping wells could be adversely, per-
haps irreversibly, impacted in the future.

Water quality data for perched ground water and pumped ground water from a well in
a second irrigated area in Arizona are shown on Table 2. The well, designated (D- 2- 5)5dbb
is located just west of Chandler, in the East Basin of the Salt River Valley. As discussed
earlier in this paper, the western part of the Chandler Basin is underlain by an extensive
body of perched ground water (Figure 3).

TABLE 2. Comparison of Water Quality for Cascading Water
and Well Discharge (values are in mg /1).

Wen Discharge
(1800 gpm) Cascading Water

Calcium 390 180
Magnesium 110 61

Sodium 350 430
Potassium 9 4

Bicarbonate 205 218
Sulfate 520 320
Chloride 1,120 690
Nitrate 48 88
Boron 0.79 0.70
Silica 42 76
Phosphate 0.001 0.43
Hardness (caCO3) 1,400 700
Sodium Percentage 35 57
Iron 0.20 0.01
Electrical Conductivity

(micromhos /cm at 25 °C)
3,340

Total Dissolved Solids - - 1,960
pH 7.4 8.3
Depth (feet) 350 130
Date 3/13/72 3/13/73

Well (D- 2- 5)5dbb is 350 feet deep and perforations extend above the water table.
Samples were taken of both cascading water, which represents irrigation return flow, and
the well discharge. Major differences in return flow include a lower calcium, magnesium,
and sulfate content and higher nitrate content compared to the water sampled at the well
discharge. These differences are likely due to precipitation and exchange reactions as
irrigation water percolates through the soil and vadose zone. Nitrate is likely derived
from fertilizers.

The significance of this sampling relates to the fact that salinity has markedly increased
in water from wells in the area during the past 20 years. This increase is not due to return
flow, but instead to the northeasterly movement of poor quality water from the south-
west. This movement has been induced by altered ground -water flow patterns due to
large scale pumpage. The return flow likely originated from ground water pumped many
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years previously, when the well water was of much better quality than at present. Table 2
indicates that the quality of the cascading water is not markedly degraded with respect to
the quality of present -day well water. It thus confirms that return flow is not the reason
for the increasing salinity of well water in the area.

TECHNIQUES FOR SAMPLING PERCHED GROUND WATER

As described above for the two cases involving irrigation return flows, a simple method
for sampling perched ground water is to extract samples of cascading water within well
casings. Figure 5 illustrates a cross -section of a conceptualized well with cascading water.
Generally, perched ground water cascades into wells through poorly welded joints, cracks,
or perforations uncovered when the water table lowers. Samples of cascading water
could be obtained from abandoned wells in the vicinity of the source being monitored.
Alternatively, cascading water could be obtained in wells whenever pumps are removed
for servicing. For example, the large capacity wells of some irrigation districts in the west
are routinely serviced. A routine monitoring program of irrigation return flows could be
incorporated into their servicing program.

Samples of cascading water may be easily obtained by using a bucket lowered on a
rope to the required depth. In sampling for chemical constituents, the sampling con-
tainer and sample bottles should be rinsed several times during sample collection. To
sample for microorganisms a special, sterilized container should be used. Recommended
precautions for preservation and storage of samples should be observed (see, for example,
Brown, et al., 1970). Unstable constituents (temperature, pH, EC, DO, alkalinity) should
be determined in the field. Because cascading water is exposed to the atmosphere some
problems may be experienced in determining pH, DO, and oxidation -reduction potential.

If wells with cascading water are not present in the vicinity of a source, it will be
necessary to construct special wells (see Figure 6). A major difficulty will be to locate
wells at the proper depth in the vadose zone to tap perched water. Data on regional
perched zones should be examined as a guide for any area. Perched ground -water zones
may be observed by a driller during construction of monitoring wells. The depths of these
zones could be noted and special wells subsequently constructed. A second approach is
to obtain samples of drill cuttings during well construction for determination of grain -
size distribution. Samples could be obtained at routine depths or at formation changes.
Best results would be obtained by cable tool drilling. Analyses of results may indicate re-
gions of formation changes where perching could occur. Rate of drilling records obtained
during well construction could also be examined for regions of formation changes.

Borehole geophysical techniques such as neutron or natural gamma logging may facili-
tate locating regions of perched ground water. For example, sequences of water content
profiles, obtained in access wells via a neutron moisture logger, may depict the evolution
of perched ground water (Figure 2). In -situ moisture measurements may be obtained
using moisture loggers with neutron sources in either the millicurie or multicurie range
(Keys and MacCary, 1971). The use of moisture meters with millicurie sources, is
generally restricted to wells less than four inches in diameter (Ralston, 1967). Larger
diameter wells are logged using sources in the multicurie range. Neutron logging is re-
stricted to steel or aluminum wells.

Natural gamma logs are often used together with neutron moisture logs to delineate
potential perched regions, particularly those regions high in clay content. Keys (1967)
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used this approach to locate a perched source of contaminated water at the National
Reactor Testing Station in Idaho.
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Figure 5. Schematic Diagram Illustrating Cascading Water for an Idle Well.

PVC casing is probably more desirable than steel casing for monitor wells within perch-
ing layers, because of lesser interference with trace constituent analyses. In addition,PVC
casing does not appear to interfere with organic constituents (Geraghty and Miller, 1977).
However, PVC wells interfere with neutron moisture logging. Installation of PVC casing
would probably require the use of rotary drilling techniques. For shallow depths the
cable tool method could be used to install a steel casing, into which a smaller diameter
PVC would be placed. The steel casing would then be pulled back, out of the bore hole,
leaving the PVC casing in place. The casing should be preperforated throughout the
region of interest.

The ideal casing size for monitoring wells is probably about eight inches. This size
permits easy installation and removal of a portable submersible pump for water sample

145



Monitoring Perched Ground Water in the Vadose Zone

retrieval from most depths of interest. A water level recorder could also be easily in-
stalled in an eight -inch casing.

Ground Surface

Perched
Water Level

Perching
Layer

PERCHED ZONE

Water Table V

AQUIFER
Perforated

Base of IntervalAquifer
Figure 6. Schematic Diagram Illustrating Monitoring of Perched Ground Water.

Special construction methods would be required if multiple, perched ground -water
regions are encountered. One approach would be to install separate wells to the appro-
priate depths. Alternatively, a single borehole could be constructed, into which a cluster
of smaller diameter tubes with well points could be installed, each point terminating at
the required depth. The hole could be backfilled with bentonite, except for the regions
around the well points, which would be backfilled with washed sand. Size restrictions
would probably necessitate using small diameter sampling tubes.
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LIMITATIONS

Several limitations in sampling perched ground water should be noted. Perched zones
do not occur everywhere and may not be present at a specific area of interest. The de-
tection and location of perched ground water may be expensive, involving the construc-
tion of test wells or requiring the use of geophysical methods as discussed above. Even
when found, some perched ground -water bodies may be ephemeral. Alternatively, certain
perching regions may be more responsive to recharge from a given source of pollution
than other regions. Thus, the location of successful monitoring wells may in part be a
matter of chance.

A problem in sampling cascading wells is that water may enter the casing from a
number of distinct perching regions. Consequently, the water collected below the upper-
most region could be a mixture of water from various depths. However, such a blend
could provide useful information.

RELATED CONSIDERATION - EFFECT OF CASCADING
WATER ON MONITORING WELL DISCHARGE

Many irrigation wells in arid lands are actively pumped during high water demand
periods, such as from April through September. If no double cropping is done in the
winter, such wells may be inactive for several months or longer. Figure 5 illustrates an
idle well with perforations extending above the water table, allowing cascading water to
fall down the well. A considerable volume of this water can then accumulate in the main
aquifer near the well during such idle periods. When the well is first pumped during the
next irrigation season, water samples collected from the well discharge will reflect the
influence of this cascading water. Beneath most irrigated areas, the major source of water
in the perched zone is return flow of excess applied irrigation water. Sampling when
pumping is first commenced may yield results of great value with respect to the chemical
quality of return flow. As pumping continues, this water will gradually be purged from
the aquifer, and samples can be collected that represent the regional chemical quality.

Table 3 contains chemical analyses for water from two irrigation wells south of Tucson,
Arizona. The aquifer is comprised of highly permeable alluvial sediments and water levels
were about 100 -feet deep in 1970. The first day a water sample was collected from each
well within several hours after the pump was started. The second day samples were col-
lected after more than 24 hours of continuous pumping in each well. Major differences
in calcium, sulfate, and nitrate content and salinity occurred between the two sampling
periods. The samples collected from the wells during the first few hours are representative
of the quality of irrigation return flow. In this case, samples collected after more than
one day of continuous pumping are representative of the quality of water in the regional
aquifer.

SUMMARY AND CONCLUSIONS

Vadose zone sampling is essential in light of the large volume and undesirable quality
of wastes presently disposed of on the land. Past monitoring of pollutant movement in
the vadose zone has been most successful near point sources such as landfills and percola-
tion ponds. For these cases wells have been installed in shallow ground water. Point
sampling techniques such as suction cup samplers which are commonly used to monitor
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the soil solution, have severe limitations when used to sample deeper regions in the vadose
zone. Such techniques are particularly inappropriate for determining the regional impacts
of diffuse sources, e.g., irrigation return flow on ground water.

TABLE 3. Sampling Results for Two Pumped Irrigation Wells
Near Tucson, Arizona (values are in mg /1).

Constituent

Well No. 1 Well No. 2

Day 1 Day 2 Day 1 Day 2

Calcium 100 74 64 44

Magnesium 9 12 3 8

Sodium 40 43 38 40

Potassium 3 3 4 2

Bicarbonate 210 181 134 132

Chloride 14 14 21 14

Sulfate 100 144 75 87

Nitrate 74 22 51 8

Total Dissolved Solids 466 390 332 272

An alternative approach is to sample perched ground water within the vadose zone.
Perched regions, occurring in a wide variety of hydrogeological regimens, offer a means
of obtaining a more integrated sample of water within the vadose zone. Also, larger
volumes of water may be obtained above the water table, which is advantageous when
sampling for virus and organics.

Perched ground -water samples have been used to monitor pollutant movement beneath
point (landfill) and line (ephemeral stream) sources. However, the greatest potential for
the method appears to be in monitoring return flows to ground water from irrigation.

Perched ground water may be obtained by sampling cascading water in existing wells,
or by installing special wells. Locating perched regions for installing monitor wells may
require construction of pilot wells or employing geophysical techniques.

Perched ground water, although ubiquitous in some hydrogeological environments
may be absent in others. In addition, some perching regions are ephemeral. Occasionally
cascading water may be derived from several perching regions. The resultant water
samples represent a blend.

A related consequence of cascading water in irrigation wells is that after an idle period
the water initially discharged will be a mixture of perched ground water and deeper ground
water.
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