CHAPTER 5 - RIO GRANDE
AQUIFER

Location and Extent

Near the southeastern limit of the Mesilla Valley, the
Rio Grande is constricted between the Sierra de Cristo
Rey and the Franklin Mountains in a canyon known as
the “El Paso narrows.” Here the canyon is abour 1,500
ft wide. Rock cut terraces are visible on the south side
of the river that rise a few hundred feet above the mod-
ern channel.

Southeast of the El Paso narrows, the Rio Grande
flows across a broad alluvial floodplain, the “El Paso
Valley” that has incised the surface of the Hueco
Bolson (Figures 1.2 and 5.1). Near El Paso, the El
Paso Valley is about 6 to 8 miles wide and is a little
more than 200 ft deep (USBR, 1973). The valley
trends nearly 90 miles east, southeast to Fort Quitman
where the valley again is constricted in a valley between
the Sierra de la Cieneguilla and the Quitman
Mountains. The valley deepens along its southeasterly
trend and is almost 330 ft deep near Fabens, 30 miles
below El Paso. The valley wall is disrupted frequently
by arroyos that incise the Hueco Bolson and floodplain

surfaces.
Stratigraphy and Water-Bearing Characteristics
Sediment types

The Rio Grande alluvial floodplain in the Mesilla

and El Paso Valleys is underlain by a complex mosaic of
braided and meandering river deposits. Formed during
alternating periods of scour and fill in the larte
Quaternary Period, the river deposits consist of irregu-
larly distributed gravels, sands, clay, and silt lenses and
beds (USBR, 1973; Alvarez and Buckner, 1980).

Lenses and beds are highly irregular in extent and
thickness and correlations across short distances are dif-
ficult or impossible to make with available dara.

Alluvial fill consists of reworked bolson fill material,
eroded bedrock, and extrabasinal sediments transported
by the Rio Grande from its headwaters in New Mexico
and Colorado to the Mesilla and El Paso Valleys. Total
thickness of the Rio Grande alluvium is reported to
average about 210 ft in the United States IBWC,
1989). Average thickness is about 170 ft in Mexico
(IBWC, 1989). Saturated alluvium thicknesses average
188 and 148 ft respectively in the American and
Mexican portions of the floodplain, El Paso Valley
(IBWC, 1989).

Windblown sand and silt deposits overlie the Rio
Grande alluvium at several localities. Where dunes and
other windblown deposits are present, they often bor-
der the outer margins of the Rio Grande floodplain.
Most dunes are less than 15 ft thick (IBWC, 1989).
Windblown deposits are surfaces for infiltration and
recharge because they are well sorted and sparsely vege-
tated.

Aquifer properties

Aquifer tests are not available for the Rio Grande
aquifer in the El Paso Valley. Lee Wilson and
Associates (1986) report that hydraulic conductivity
values probably vary from 20 to 250 ft/day.
Calibration of a three-dimensional finite difference
model provided bulk hydraulic conductivity values of
65 ft/day (Lee Wilson and Associates, 1986). In an
earlier model, Meyer (1976) derived average transmis-
sivity values for the Rio Grande alluvium of about
4,000 ftz/day. The hydraulic conductivity value is
about 21 ft/day in Meyer’s model. Specific yield for
the unconfined aquifer probably ranges from 0.15 to
0.35 ft/day (Lee Wilson and Associates, 1986).
Coarser deposits trend toward lower values and fine
textured deposits trend toward higher values. Most of
the principal water bearing strata have specific yields
that range from about 0.15 to 0.20 (Alvarez and
Buckner, 1980; IBWC, 1989)

Potentiometric Surface Maps and Water Levels

Water level contour maps prepared with data collect-
ed in 1973 - 74 (Figure 5.2) and 1994 - 1995 (Figure
5.3) illustrate losing stream, underflow, and baseflow
conditions on different segments of the alluvial flood-
plain (Figure 5.4). The condition of losing stream is
apparent along the Chamizal zone (Figure 5.1) where
drawdown cones from municipal well fields have
reversed the hydraulic gradient between the river and
the Rio Grande aquifer. Drawdowns have intensified
along the Chamizal zone since 1973. Alluvial under-
flow (Figure 5.4) predominates between the Chamizal
zone and the El Paso/Hudspeth county line. Along this
stretch of floodplain, ground-water flows subparallel to
the direction of surface discharge, and head in the
aquifer is approximately equal to the head in the river.
The head elevation along this reach did not change sig-
nificantly since 1973 (Figures 5.2 and 5.3).

The condition of baseflow prevails between county
line and Fort Quitman (Figure 5.4). Flow is oriented
subperpendicular to the direction of surface discharge
and ground water clearly discharges to the Rio Grande.
Hydraulic head in this part of the floodplain has
increased since 1973 (Figures 5.2 and 5.3).

Hydrographs prepared with data collected from 1970
to 1995 illustrate annual water-level fluctuations and
explain temporal changes in the potentiometric surface
maps (Figures 5.5 and 5.6). Increasing and decreasing
water-level elevations correspond to areas where ground
water is added or depleted from the aquifer. Depletion
of storage has occurred along and several miles below
the Chamizal zone (Figure 5.1) due to (1) grout lining
of the Rio Grande channel and (2) heavy pumping in
the Hueco-Tularosa aquifer (Figure 5.5). Lining of the
channel intensified drawdowns because of hydraulic
detachment of the water table from the river (i.e., an
unsaturated zone now exists between the stream bed
and the water table). Depletion of storage in the
Hueco Bolson is partially replenished by leakage from
the Rio Grande aquifer at the expense of its own stor-

age. Limited surface irrigation combined with exten-
sive paved surfaces along this heavily urbanized reach
allow little recharge from the surface and exacerbates

depletion of the Rio Grande aquifer.

Between the Chamizal zone and the El Paso/Hud-
speth county line, most hydrographs indicate small
annual fluctuation, but generally no appreciable net
change in storage (Figures 5.1 and 5.5). The large
number of drain laterals along this heavily irrigated area
help to maintain nearly constant water-levels. Drains
tap the bank storage in the alluvial aquifer.

Between county line and Fort Quitman, several
hydrographs indicate net addition of water to storage
(Figures 5.1 and 5.6). Excessive surface water applied
to the floodplain has added additional storage to the
shallow water table aquifer. Drains along this segment
of the floodplain apparently are not present in suffi-
cient density to maintain constant ground-water levels.

Many of the hydrographs illustrate notable draw-
downs in 1977 and 1978 (Figures 5.5 and 5.6).
Irrigation pumping in the El Paso Valley totaled 88,260
and 92,850 acre-feet in 1977 and 1978 (IBWC, 1989).
The pumpage rate averaged only 43,360 acre-ft/year
between 1950 and 1984 (IBWC,1989). Heavy pump-
ing and temporary drawdown in 1977 and 1978 were a
result of drought conditions and reduced surface flows.

Ground-Water Availability

Surface area of alluvial floodplain between the El
Paso narrows and Fort Quitman (Figure 5.1) is about
152 mi’ in the United States and about 123 mi’ in
Mexico. Average saturated thicknesses are about 188 ft
in the United States and about 148 ft in Mexico
(IBWC, 1989). Using these figures and a specific yield
of 0.2, the total volume of water in the Rio Grande
aquifer in the study area is an estimated 5.99 million
acre-ft (3.66 million acre-ft in the United States and
2.33 million acre-ft in Mexico). Values are approxi-
mate due to uncertainty in estimates of alluvial thick-
ness and spatial variability of specific yield. Volumes of
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Figure 5.2. Water level contour map for the Rio Grande aquifer in El Paso and Hudspeth
Counties, 1973 and 1974. Map illustrates losing stream, underflow, and baseflow conditions at
different segments of the floodplain (source of data, Texas Water Development Board).
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Figure 5.3. Water level contour map for the Rio Grande aquifer in El Paso and Hudspeth
Counties, 1994 and 1995. A comparison of figures 5.2 and 5.3 indicates that drawdowns have
intensified in the El Paso area since 1973 (see figure 5.1 for delineation of the El Paso area.
Source of data, Texas Water Development Board).
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Figure 5.4. Diagram illustrating underflow, baseflow, losing stream, and a mixed system that includes underflow and baseflow components
of flow in an alluvial aquifer hydraulically connected to a river (modified from Larkin, 1988).
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Figure 5.5. Hydrographs illustrating water-level changes in the Rio Grande aquifer in El Paso County between 1970 and 1995 (source of data; Texas Water Development Board).
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Figure 5.6. Hydrographs illustrating water-level changes in the Rio Grande aquifer in Hudspeth County between 1970 and 1995 (source of data; Texas Water Development Board).
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fresh, slightly saline, and moderately saline ground
water cannot be estimated accurately with available
data.

Recharge Areas

Recharge to the Rio Grande aquifer along irrigated
reaches is due primarily to infiltration of surface water
that has been applied to irrigable crops (Figure 5.7).
Hydrographs indicate considerable fluctuation of a few
feet to several feet in response to recharge from irriga-
tion (Figures 5.5 and 5.6). Major ion data also shows
clear evidence of direct recharge due to surface irriga-
tion. State well 48-41-624, for example, had increasing
salinities between 1986 and 1988 (Figure 5.8). When
the well was resampled in 1989, total dissolved solids
had decreased substantially. A chemical trilinear plot
(Figure 5.8) indicates dilution of salt-laden ground
water due to mixing with dilute Rio Grande water dur-
ing the 1989 irrigation season.

Recharge also occurs to some extent by direct seepage
from canal and river channels, although lining of the
Rio Grande channel along the Chamizal zone limits
recharge by the river locally. Other sources of recharge
to the Rio Grande alluvium include direct precipitation
on the floodplain surface, seepage from irrigation canals
and drains, infiltration of runoff along arroyos, irriga-
tion return flows, and recharge from cross-formational
flow with the Hueco Bolson (Figure 5.7). Quantifica-
tion of the amounts and spatial variability of recharge
to the alluvial aquifer is infeasible with available data.

Information on recharge areas and ages of alluvial
ground waters are provided by radioisotopes collected
downstream of the El Paso/Hudspeth county line
(Fisher and Mullican, 1990). Radioisotopes indicate
tritiated ground water and ground water with high per-
centages of modern carbon (Fisher and Mullican,
1990). Tritium activities in wells screened in alluvium
varied from 0.0 to 27.2 tritium units (TU), with most
values greater than 10.9 TU. Most tritium data indi-
cate a recent meteoric component in ground water, less
than 50 years before present (b.p.). Carbon-14 values

varied from 51 percent modern carbon (pmc) to 116
pmec and corrected ground-water ages varied from 188
to 3,489 years b.p. Isotopic results suggest mixing of
modern waters (0 - 50 yrs b.p.) with slightly to moder-
ately old waters (1,000 - 10,000 yrs b.p.).

Discharge Areas

Ground water is discharged from the Rio Grande
alluvium by irrigation pumping, by subsurface seepage
to the Rio Grande, by leakage to drains, and by cross-
formational leakage to the Hueco Bolson (Figure 5.7).
The principal mode of discharge varies along the flood-
plain. Along the heavily urbanized Chamizal zone
(Figure 5.1), discharge occurs primarily by cross-forma-
tional leakage from the alluvium to the Hueco Bolson
where storage in the alluvial aquifer is depleted by
heavy pumping in the bolson aquifer. From Chamizal
zone to the El Paso/Hudspeth county line, discharge
occurs by irrigation pumping and by leakage to the
many drains which help to maintain nearly constant
water-levels in the alluvial aquifer. From county line to
Fort Quitman, discharge occurs by irrigation pumping,
by seepage to the Rio Grande, and by leakage to a few
drains. Phreatophytes account for some discharge
along the Rio Grande channel and canal laterals. These
channels, in general, are kept relatively free of phreato-
phytes west of Fort Quitman.

Water Quality

General hydrochemistry

Few American ground-water data are available for the
Rio Grande aquifer after 1979 below the El Paso nar-
rows, so maps present dated, but fairly extensive infor-
mation for the American portion of the Rio Grande
alluvium. Dara are current, but are somewhar limited
in Mexico. Comparison of historical and current
American data do not indicate significant changes in
overall water quality in the alluvial aquifer between the
1970’s and present; but current dara are too scant to
define temporal changes.

Stiff diagrams indicate Na-SOs ground waters in El
Paso County (Figure 5.9). Below the El Paso/Hud-
speth county line, chloride increasingly becomes the
dominant anion in the cation/anion pairing (Figure
5.10). Mexican ground waters follow the same general
trend, bur show greater scatter in the segment of the
floodplain across from Hudspeth County (Figures 5.9
and 5.10). Ground-water samples frequently were col-
lected in and beneath arroyo deposits that comformably
overlie earlier alluvial floodplain deposits in Mexico.
Arroyos act as recharge areas after episodic precipitation
and runoff events and ground-water chemistries have
wide scatter due to commingling of dilute runoff
waters and older alluvial ground waters.

Total dissolved solids in El Paso County vary sub-
stantially, but fall mostly within the 1,000 to 3,000
TDS range (Figure 5.9). Total dissolved solids are
higher in alluvial deposits in Hudspeth County, falling
mostly within the 3,000 to 6,000 TDS range (Figure
5.10). In both regions, total dissolved solids are lower
in the Mexican part of the floodplain aquifer due to
mixing of dilute runoff waters with older, more
enriched alluvial waters.

Sources of salinity

Increasing salinities below the El Paso narrows are
related to sewage outfalls, river/aquifer dynamics, and
historical differences in irrigation activities. Intensive
irrigation in the region began in the late 1800’s.
Solutes in irrigation water become concentrated in soils
due to low atmospheric moisture and high evapotran-
spiration rates (Figure 5.11). A series of droughts in
the 1940’s and 1950’ resulted in severe degradation of
river water quality and deposition of large amounts of
salts in irrigated fields (Young, 1981). These salts are
readily remobilized by leaching to the shallow Rio
Grande aquifer. Salts eventually return to the river.

Historical monthly water quality and streamflow dara
show changes in river water quality and discharge
between El Paso and Fort Quitman (Figure 5.12).
Spatial changes in sulfate, chloride, sodium, and total

dissolved solids for most months indicate appreciable
decline in river water quality downstream. Data indi-
cate that water quality improves when discharge is high
during the irrigation season. This is an artifact of dilu-
tion by copious quantities of dilute reservoir water and
by stagnation of saline baseflow as a result of high river
stage.

River salinities fluctuate spatially downstream of El
Paso due to inflows from several sources that both
dilute and enrich Rio Grande water with respect to
total dissolved solids (Figure 5.13). Sources of dilution
are principally from precipitation runoff from rural and
urban areas, although sewage outflows may sometimes
dilute higher TDS waters in the Rio Grande. Overall
enrichment between El Paso and Fort Quitman is clear-
ly defined. Surface water samples collected annually at
El Paso and Fort Quitman indicate very little scatter of
water quality constituents. Grouping of analyses fall
into distinct clusters (Figure 5.14). The “El Paso” and
“Fort Quitman” clusters correspond generally to evolu-
tionary trends in the Rio Grande aquifer in El Paso
County and Hudspeth County, respectively (Figure
5.15). Despite wide scatter in Rio Grande aquifer data
(Figure 5.15), the analyses show a clear relationship
between river and aquifer water quality between El
Paso and Fort Quitman. Results imply ample fluid
exchange and salt recycling between the river and
aquifer.

Increasing salinities in both the river and Rio Grande
aquifer along the downstream trend generally reflects
the tendency for salts to be recycled in irrigation water,
to return to the Rio Grande, and then to be reapplied
to crops (Figure 5.13). Near El Paso, relatively dilute
irrigation waters are enriched by evaporation and leach-
ing when applied to crops. Enriched return flows are
reapplied to crops downstream. By this process, the
salinities in the Rio Grande and the Rio Grande aquifer
increase in a perpetual manner downstream, and elevat-
ed salinities in the Rio Grande result in elevared salini-
ties in the Rio Grande aquifer (and vice versa). This
process is a basic function of evapotranspiration, con-
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Figure 5.8a. Located adjacent to the Rio Grande, well 48-41-624 had increasing
total dissolved solids in samples collected between 1986 and 1989. When the well
was resampled in May, 1989, total dissolved solids had decreased substantially
(source of data, Texas Water Development Board).

Figure 5.8b. The trilinear plot shows enriched well samples from Figure 5.8a

(1986 - 1989), dilute well samples (May, 1989 and later), and Rio Grande samples
collected in 1989. Results indicate dilution of ground water due to mixing with Rio
Grande water (source of data, Texas Water Development Board).
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Figure 5.9. Stiff plots show Na-SO, ground waters with salinities
usually less than 3,000 mg/L in the Rio Grande aquifer above the
El Paso/Hudspeth County line (source of data, Texas Water
Development Board; Comision Nacional del Agua).
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Figure 5.10. Stiff plots show Na-SQ,-Cl ground waters with salinities
usually greater than 3,000 mg/L in the Rio Grande aquifer below the

El Paso/Hudspeth County line (source of data, Texas Water Development
Board; Comision Nacional del Agua).
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Figure 5.11. Diagram showing how dissolved salts in irrigation water become concentrated in

irrigated soils due to high evapotranspiration rates (modified from Longnecker and Lyerly, 1959).
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Figure 5.12a. Diagram comparing water quality and streamflow discharge for the Rio Grande at El Paso and Ft Quitman, 1973.
Spatial changes in Cl, SOs, Na, and TDS for most months indicate appreciable decline in surface-water quality downstream of El
Paso. Water quality improves when discharge is high as an artifact of dilution by large quantities of dilute reservoir water and by
stagnation of saline baseflow as a result of high river stage (source of data, IBWC Water Bulletin series “Flow of the Rio Grande

and Related Data”).
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Figure 5.12b. Diagram comparing water quality and streamflow discharge for the Rio Grande at El Paso and Ft Quitman, 1991.
Spatial changes in Cl, SOs, Na, and TDS for most months indicate appreciable decline in surface-water quality downstream of El
Paso. Water quality improves when discharge is high as an artifact of dilution by large quantities of dilute reservoir water and by
stagnation of saline baseflow as a result of high river stage (source of data, IBWC Water Bulletin series “Flow of the Rio Grande
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TDS Enrichment

Native Water Evaporation & Redissolution of
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Figure 5.13. River salinities fluctuate downstream of El Paso due to inflows from several sources that both dilute and enrich Rio Grande
water with respect to total dissolved solids. An overall pattern of salt water enrichment occurs between El Paso and Fort Quitman.

115




-—
Ca

Cations

Surface Water Quality

(July, 1970-1991)

% meg/l

B
cl
Anions

A AtEl Paso

+ At Ft. Quitman

Figure 5.14a. Piper diagram shown in time series that illustrates surface water
at the El Paso and Fort Quitman gage stations, January, 1970 - 1991. Surface
water groups into distinct clusters of different hydrochemical types at the two

gage stations (source of data, IBWC Water Bulletin series “Flow of the Rio

Grande and Related Data”).
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Figure 5.14b. Piper diagram shown in time series that illustrates surface water
at the El Paso and Fort Quitman gage stations, July, 1970 - 1991. Surface
water groups into distinct clusters of different hydrochemical types at the two
gage stations (source of data, IBWC Water Bulletin series “Flow of the Rio

Grande and Related Data”).
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Figure 5.15. Piper diagram for the Rio Grande aquifer in El Paso and

Hudspeth counties. These data indicate a clear relationship to surface water

quality (Figure 5.14) at El Paso and Fort Quitman (source of data, Texas Water

Development Board).
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sumptive use, and enriched return flow (Figures 5.13

and 5.16).

Evaporation of water in the Mexican part of the Rio
Grande aquifer is indicated clearly with stable isotope
data (Figure 5.17). These data (Payne, 1976) indicate
evaporative enrichment of alluvial ground water, proba-
bly during application of irrigation water to irrigable
crops. Enrichment of soil water with heavier stable iso-
topes, and simultaneous enrichment of salts in soil
water occurs as a result of evapotranspiration of warer
from soil profiles, and leaching of salts and enriched
soil water to the shallow water table.

Stream and canal seepage act to partially control
salinities. Where there is seepage from rivers and canals
to the alluvial aquifer, especially between the Chamizal
zone and county line, the seepage helps to maintain
dilute concentrations in the aquifer. Along this reach,
the heads in the Rio Grande aquifer are generally equal
to or below the head in the stream. This favors direct
seepage to the alluvial aquifer, especially when river
stage is high due to irrigation releases, or flood stage.
Below the El Paso/Hudspeth county line, heads in the
alluvial aquifer tend to be slightly higher than heads in
the river during normal stage. This condition mini-
mizes direct seepage from the river, except when stream

stage is abnormally high.

Upwelling waters from undeveloped portions of the
Hueco-Tularosa aquifer and southeastern Hueco aquifer
may dilute or enrich Rio Grande water with respect to
dissolved solids, depending on the spatial variability of
salinity in each aquifer. The darta appear to indicate
that dilution of Rio Grande water occurs in the Fabens
artesian zone. Data in other areas are insufficient to
determine effects of cross-formational flow on salinities.

Origin of solutes

Understanding the origin of natural solutes in
the aquifer is a first step in deciphering anthropogenic
contamination. A discussion of the origin of solutes in
the Rio Grande aquifer is therefore provided.

Changing ion ratios with increasing chlorinity (i.e.,
salinity) are the most conspicuous hydrochemical
trends in the aquifer. (Na/Cl) molar ratios decrease
from 2.4 to 0.6 with increasing chlorinity (Figure
5.18). (Na/Cl) ratios greater than 1.0 at low chlorini-
ties are partly due to excess sodium in infiltrating river
waters. (Na/Cl) ratios are slightly higher in the aquifer
and recharge by river water cannot account for all of
the excess sodium in the aquifer. Clay particles are
probably adsorbing calcium and magnesium in solution
in exchange for bound sodium. At lower chlorinities
(< 35 mmols/L Cl), the reversible ion exchange reac-

tions are:
Na:x-clay + Ca'"’= Ca-clay + 2Na’ (5.1)
Nax-clay + Mg'2= Mg-clay + 2Na’ (5.2)

With increasing chlorinity, the (Na/Cl) ratios
decrease (Figure 5.18). A molar ratio close to 1.0 indi-
cates halite dissolution:

NaCl = Na + Cl
(5.3)

(Na/Cl) ratios are usually less than 1.0 for chlorini-
ties greater than 35 mmols/L Cl (Figure 5.18). This
indicates that ground waters are not evolving rowards
complete equilibrium with halite. The (Ca +Mg)/
HCO; molar ratios increase with chlorinity (Figure
5.19). Calcium and magnesium are being added to
solution at a greater rate than bicarbonate. The (Ca +
Mg)/HCO:; ratio would be less than or equal to 0.5 if
magnesium and calcium originate solely from the disso-
lution of carbonate minerals in alluvial sediments or
cement, as indicated by the governing equations:

For calcite dissolution ([Ca + Mg]/HCO:; = 0.5):

CaCOs+ H:O + CO: =Ca + 2HCO:; (54)

For dolomite dissolution ([Ca + Mg]/HCO; = 0.5):
CaMg(CO.a): +2C0O: + 2H:0O =

Ca + Mg + 4HCO:; (5.5)

Having (Ca + Mg)/HCO: ratios greater than 0.5 at
higher chlorinities indicates an additional source of cal-
cium and/or magnesium (Figure 5.19). A possible
source of excess calcium could come from dissolution

of gypsum:
CaSQO: ¢ 2H:0 = Ca + SOs + 2H:O (5.6)
or reversible ion exchange:
Ca-clay + 2Na= Nar-clay + Ca” (5.7)

Average (Ca/SO.) ratios do not change for the full
range of chlorinity (Figure 5.20), suggesting thar (1)
gypsum dissolution is the primary source of calcium at
increasing salinities (releasing 1 equivalent calcium for
1 equivalent sulfate), and that (2) calcium is not sub-
stantially liberated by ion exchange. Reaction 5.6,
instead of reaction 5.7 is the primary source of most of
the additional calcium.

(Na/Cl) molar ratios less than 1.0 at chlorinities
greater than 35 mmols/L Cl (Figure 5.18) probably
result from the loss of sodium for bound magnesium:

Mg-clay + 2Na' = Nar-clay + Mg'2 (5.8)

(Mg/SOs) ratios show an additional source of magne-
sium with increasing chlorinity (Figure 5.21), support-
ing the hypothesis of exchange of bound magnesium
for sodium (reaction 5.8). That sodium is exchanged
preferentially for bound magnesium (in lieu of bound
calcium) is a function of the low selectivity coefficient
for the magnesium versus calcium exchange pair. Valid
for large ranges of ratios of magnesium to calcium and
ionic strength, selectivity coefficients are typically in the
range 0.6 to 0.9 (Jensen and Babcock, 1973) indicating
that magnesium is released preferentially in clays in
exchange for sodium in solution.

These analyses, along with stable isotopes (Figure
5.17) indicate evolution of water chemistry from a
dilute, Na-SQO: water that is similar in composition to
Rio Grande water, to a more concentrated Na-Cl-SOs
water through a number of simple chemical reactions

and processes:
* Evaporation of water.

* Exchange of calcium and magnesium for
bound sodium at chlorinities lower than 35 ro

40 mmols/L Cl.

sReverse exchange of sodium for bound magne-
sium and calcium by cation exchange at chlo-
rinities greater than 35 to 40 mmols/L Cl, pref-
erence to magnesium exchange due to the
Mg/Ca selectivity coefficient.

*Dissolution of halite and gypsum for the full
range of salinities.

Historical change

Water quality data are too limited to assess long term
changes in the chemistry of the Rio Grande aquifer.
Most of the water quality data were collected between
1970 and 1980, an inadequate time interval to assess
historical change.

An obvious relationship was shown between salinities
and chemistries in the Rio Grande and Rio Grande
aquifer between El Paso and Fort Quitman (compare
Figures 5.14 and 5.15). Historical water quality data
from the Rio Grande potentially may be used as proxy
data for temporal changes in the Rio Grande aquifer
along upstream and downstream segments of the flood-
plain. Dara at the Fort Quitman gage station clearly
indicate increasing salinities in the Rio Grande since
1936 (Figure 5.22). If these are suitable proxy data for
historical changes in aquifer water quality, then water
in the aquifer has been degraded profoundly during the

period of record.
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Figure 5.16. Comparison of discharge quantities in the Rio Grande at EI
Paso and Fort Quitman. Substantial loss of discharge is due to evapotran-
spiration by crops and other consumptive uses that tend to concentrate salts
in fields and to enrich return flows with respect to total dissolved solids
(source of data, IBWC Water Bulletin series “Flow of the Rio Grande and
Related Data”).
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Figure 5.18. Scatter plot showing (Na/Cl) molar ratios vs molar Cl for sam-
ples collected from the Rio Grande aquifer in El Paso and Hudspeth
Counties. (Na/Cl) molar ratios decrease from 2.4 to 0.6 with increasing

chlorinity (source of data, Texas Water Development Board).
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Figure 5.17. Binary plot of 8'H versus 8" O values for Rio Grande aquifer
waters in the Mexican part of the alluvial aquifer. Stable hydrogen and oxy-
gen isotope ratios in ground waters plot along the evaporation line, indicat-
ing evaporative enrichment of water, probably during irrigation (source of
data, Payne, 1976).
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Figure 5.19. Scatter plot showing (Ca+Mg)/HCO: molar ratios vs molar ClI
for samples collected from the Rio Grande aquifer in El Paso and Hudspeth
Counties. Points above the 0.5 ratio line indicate a source of calcium

and/or magnesium other than dissolution of carbonate rock (source of data,

Texas Water Development Board).
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Figure 5.20. Scatter plot showing (Ca/SOs) molar ratios vs molar Cl for
samples collected from the Rio Grande aquifer in El Paso and Hudspeth
Counties. Average (Ca/SOx) ratios do not change with increasing chlorinity

(source of data, Texas Water Development Board).
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Figure 5.21. Scatter plot showing (Mg/SOs) molar ratios vs molar Cl for
samples collected from the Rio Grande aquifer in El Paso and Hudspeth
Counties. Average (Mg/SOx) ratios increase with increasing chlorinity, sug-
gesting an additional source of Mg (source of data, Texas Water
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Figure 5.22. Time series graph of increasing salinities in the Rio Grande (source of data, IBWC
Water Bulletin series “Flow of the Rio Grande and Related Data”).

1990

2000

121




Unsaturated
Zone

Aquifer

b= Prestresse
. stressed Wy, 7

Unsaturated Zone S

[TITTTTITTTd

(a)

(b)

Figure 5.23a. Diagram illustrating contamination of an alluvial aquifer from a contaminated
stream. Direct application of surface water may contaminate the aquifer.

Figure 5.23b. Diagram illustrating contamination of an alluvial aquifer from a contaminated
stream. Induced infiltration of contaminated surface water may contaminate the aquifer.
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Figure 5.24a. Banlkdiltration during induced infiltration from a river to a high-capacity well in
a porous alluvial aquifer. Bankdiltration immobolizes and degrades many undesirable pollutants
during transport from a contaminated river to the pumping well. This results in natural pre-

treatment of poor quality river water.

Figure 5.24b. Banlfiltration often creates redox zones as a result of microbial reduction of
river micronutrients that have penctrated the aquifer during infiltration of river water. Close
to the river, in the anaerobic zone, many metals and pollutants are mobile. In the aerobic
zone, metals are fixed, and pesticides and organic pollutants may be biologically degraded.
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Susceptibility to Contamination

The Rio Grande aquifer is highly susceptible to cont-
amination. The aquifer can be contaminated rapidly
by land application of fertilizers and pesticides, by
leaching from septic tanks and feedlots, and by infiltra-
tion of chemicals or hazardous waste from storage facil-
ities or from accidental spills. Consisting mostly of
permeable unconsolidated deposits, the aquifer has
received a DRASTIC index greater than 154 across
much of the study area (Cross and Terry, 1991).

Where the Rio Grande aquifer is hydraulically con-
nected to the Rio Grande, contaminants carried by the
river can readily contaminate the aquifer. Contamina-
tion can occur due to (a) direct application of contami-
nated surface water, or by (b) induced infiltration of
contaminated surface water (Figure 5.23). Rio Grande
waters are already contaminated above the El
Paso/Ciudad Juarez metroplex. Contaminants include
TDS, fecal coliforms, sulfates, and chlorides (Eaton
and Anderson, 1987). Possible causes of these contam-
inants include irrigation return flows, municipal dis-
charges, and low flows in the fall and winter. The qual-
ity of Rio Grande water deteriorates further along and
downstream of the City of El Paso/Ciudad Juarez corri-
dor. Contamination is deduced by fecal bacteria as an
indicator parameter. Immediately below El Paso, fecal
coliforms as high as 290,500 colonies per 100 mL of
water have been reported in Rio Grande water (Cech
and Essman, 1992).

Induced infiltration occurs when drawdown from a
high capacity well(s) reverses the hydraulic gradient
between the well and the stream (Figure 5.24). The
removal of suspended or dissolved substances in the
infiltrated river water is called “bankfiltration.”
Bankfiltration may actually have a beneficial effect on
drinking water supply and does not necessarily contam-
inate the aquifer. The process immobolizes and
degrades undesirable pollutants by porous filtering,
chemical attenuation, and biological decomposition

during induced infiltration from a river to a high-

capacity well (Figure 5.24). Even after many decades of
well pumping, bankfiltration continues to remove more
than 75 percent of the dissolved organic constituents in
river water and as much as 95 percent of the heavy
metals without substantial clogging (Sontheimer, 1980;
Brand and others, 1989). In-situ pretreatment of heav-
ily polluted river water by bankfiltration coupled with
secondary (standard) water treatment usually ensures a

high-quality drinking water supply.

Waters of very different chemistry and temperature
mix during bankfiltration. The mixing gives rise to
complex interactions between soils, bacteria, pollutants,
and geochemical species. Organic micronutrients are
concentrated in river water and settle in interstitial
spaces in streambed and alluvial sediments during
bankfiltration (Schwarzenbach and Westall, 1981;
Brand and others, 1989). Microbial reduction of
micronutrients often creates an anaerobic zone in the
aquifer which remobilizes the pollutants (especially
trace elements and heavy metals). The anaerobic zone
is localized within a few tens of meters of the
stream/aquifer interface (Brand and others, 1989).
Beyond the anaerobic zone, the subsurface alluvial
environment usually is first moderately, and then

strongly, aerobic (Figure 5.24).

In the aerobic zones, trace elements and heavy metals
are immobilized and many other pollutants are reduced
to harmless chemical compounds. Weakly immobilized
pollutants that have intruded into the aerobic zone may
be remobilized (Brand and others, 1989). Nevertheless,
a permanent aerobic zone is established at some dis-
tance from the stream/aquifer interface where redox
conditions are perennially oxidizing and where water
wells may be more safely locared.

Future studies of the Rio Grande aquifer should
identify aerobic zones where it is safer to install water
wells.  Water wells located too close to the river in the
anaerobic zone may have higher yields, but may not

derive the cleansing benefits of bankfiltration.
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