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ABSTRACT

lon concentrations and flowrates in the Ro Gande neasured a H
Paso reflect a strong interacti on between surface and ground wat ers.
The interaction occurs as irrigation vaters are goplied to fid ds wth
shal l ow groundwater, retunng to the river in agicitud dars.
Strong seasonal cycles are apparent in flow and water chemstry
cased by irrigation patterns. Sumer water rel ease | eads to hi gher
flons and inproved vater quality. Wrter floms prinarily represent irri -
gationreturn flowvand are of lover quality. Mitiyeasr cydes reflecting
clinatic cycles are aso aparet inthe data Ehwpirical evidence is
presented suggesting precipit ation of cal ci umcarbonate and cal ci um
sufaeinfid .

INTRODUCTI ON

Gowh of the H Paso G udad JuAEez netropolit an areais increasing
the denand on the availabl e freshwater resources of the area Inthe
H Paso area, the increase in vater use is drectly coreaed to the
increase in population (FHgure 1). Population pressures have
increased water usage, even wth the water conservation neasures
inplenented in the 1980s. B Paso and Qudad Ju/Eez prinarily use
groundvat er frominternont ane-basin agui fers to supply their needs.
However, duing the past 10 years, H Paso has increased it s usage
of water fromthe Ro Gande. Based on 1994 dat a, H Raso obt ai ned
%o its water supply from internont ane-basin aquifers in the
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Fgure 1. Relationship between Popul ation Gowh and Water se
for H Rso, Texas
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Source: Rebuck et al. (199).

Hieco and Mesilla bol sones (Fgure 2) and 44%cane fromthe Ro
Gande (Rebuck et a. 199). Repeated usage of river vater for irri -
gation between the headwaters and H Paso has degraded the qual -
ity of the veter by incressing the sdinity. Dring periods of high ds-
charge, the vater quality neet s vater st andards and can be used by
H Paso. However, during periods of |owd scharge, includ ng the non
irrigation season (Qrtober March) and droughts, the sdinty
increases to the point that the vater is no longer usable for donestic
pur poses.

Goundwat er used for nunicipa purposes cones fromaguifers in
the Msilla and Hieco bol sones. Four aquifers, referred to as the
shal | ow, upper and | oner internediate, and deep aquifers, are recog-
nized in the sedinent s of the Msilla B son (N ckerson 1989). These
aquifers are recharged by the Ro Gande, irrigation cands, water
spread on agricutura fields, and groundvater flowfromthe La Msa,
New Mexi co, region. The Ro Gande is a losing stream(a zone of
groundwat er recharge) where it enters the north end of the Msilla
Bol son near Radium Springs (Fgre 2). Tradtiadly, the Ro Gande
was a gaining stream (a zone of groundvater discharge) where it
exited the south end of the Msilla Bidson near H Paso. This patern
has becone nore conpl ex and seasonal |y variabl e because of irri -
gation and nuni ci pal water usage.

The quality and quantity of recharge from surface water and
goundvater flow contrd the quaity of the water in the shalow
aquifer beneath the Msilla Bilson. A strong hydraulic connection
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Houre 22 Shaded Relief Mp of the Area Qurrounding H Paso,
Texas, and Qudad JukEez, Chihuahua (Dgita Hevated

Not e: The area of the shaded relief nap is shown as a bl ack box near H
Paso on the inset nap. The Msilla Bol son stretches from Radi um Springs,
New Mexi co, to B Paso, Texas.

eists between the surface water and the shallow aguifer. Ve
nass bal ances for the shall ow aqui fer show annual cycles of draw
down and rebound rel ated to irrigation practices (Updegraf f and (il -
har 1978). Hbwever, recharge to the shalow aquifer beneath the
Msilla Bol son appears to be keeping pace wth water usage (Her -
nandez 1978, Peterson et al. 1934). Gurrent water-use practices con-
trd sdintyinthestdlovagifer. Rver veter isgopdiedtoagicdtud
areas were the salts are concentrated by the high evapotranspira-
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tion raes cheracteristic of this semarid regon Addtiod sdts are
added to the vater due to the weathering of mnerals inthe soil. The
overd| sdinity of the shdlow goundwater reflects the bal ance
between applied irrigation water, evapotranspiration, and | eakage of
vater fromcanals. Wier curetly lesking fromirrigation cads is
not wasted as is commonly believed rather, it gays an inport at
rdeinreducing the salinity of groundwater inthe shall ovaquifer.
The bracki sh groundvat er fromthe shal |l owaguifer is discharged into
theirrigation drains and flovs back into the Ro Gande. This leads to
an inresse in the sdinty o the river veter as it flos through the
Mesi |l a and Hieco bol sones (Hernandez 1978). Additiod ly, punpi ng
inthe internediate and deep Msilla Bilson aquifers has af fected
groundvat er flow by causing the dowmard migration of bracki sh
groundvat er fromthe shal | owaqui fer. The mgration of this vater wil

Houre 3 Dscharge inthe Ho Gande at H PRaso
Flowr

1

*The seasons in Fgures 3 6 are represented as nuniers between 0 and
1, were 0is January 1 and 1 is Decentoer 31

Note: Wite regons ontherigt side of graph represent tines wen dis-
charge dat aare lacking The generalized H Nae tenperature range i s rep-
resented as a sdid line bel ow
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eventual |y cause degradation of the internediate aquifers (VAton et
d. 199. This study docunents and anayzes the relationship
between the vater quality, discharge, and source waters of the Ro
Gande in the H Paso area

WATER CHEM STRY AND DI SCHARGE TRENDS ON THE
Rio GRANDE

The approxi nat el y 60-year record of discharge for the Ro Gande at
B Paso is shown in Fgue 3. Hgher discharges are shown in the
darker shades. Severa trends energe fromthe dat a. D scharges are
generaly greatest during the irrigation season wen water is
rel eased fromH ephant Butte and Giball o reservoirs (Fgure 2). The
irrigation season extends (approxi nately) fromMrch to Gtober and
voul d have seasonal val ues of about 0.17 to 0.83 (Hgure 3).
Mitiyear variadios inprecipitaionaedsoviside as verticd ligt
and dark bands. DCarker vertical bands represent vwetter years, while
ligter vertica bands represent drier years. The dark band in the early

Fgue 4 Qnductivity inthe Ro Gande at H Paso
by Year and by Season

L] n L m

Not e: Gnductivity can be used as a surrogate for sdinity inthe river.
Hgher conductivity values are related to higher salinity va ues.
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Fgue 5 loride Gneentrations in the Ro Gande
a H Paso by Year and by Season
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1940s represent s a period of high precipit @aion A severe drought is
evident during the md- to late-1950s. The drought s and wet peri ods
shown in FHgure 3 can be conpared wth the B Nap tenperatures
fromthe southern Pacific Gean. H Nae tenperatures are cl assified
as warm neutral, and cold and are shown as high, mdd e, and | ow
val ues, respectively, as denonstrated by the line a the bottomof Hg-
ue3 The multiyear variations of discharge appear to have conpl ex
rdaioships wth the H Nae tenperature variations. Sone of the
vet periods appear to fdlowtransitions fromwarmto neutra or cdd
B Noo tenperatures. Droughts tend to occr af ter tramsition from
colder H Nao tenperatures. Huwever, exceptions to these patterns
are observed.

Gnductivity of Ro Gande vater is related to the discharge of the
rive. Houre 4 shows the observed conductivity of the Ro Gande by
season and year. nductivity of the river vater increases wth the
concertration of dssoved saltsinthevater and, as such, is an ama-
logfa sdinty. Gnductivity is lonest during the irrigation season and
increases during the wnter nonths. During the wnter, dscharge in
the river cosists predomnartly of irrigation return flows, wich are
domnat ed by bracki sh groundwater fromthe shal | ow aquifer. Thus,
discharge and vater quality during nost wnters represent an inte-
grated picture of the groundvater quartity and quality in the shall ow
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Houre 6. Bcarbonate inthe Ro Gande at H Paso by Year

and by Season
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aquifer for the entire regi on between H ephant Butte Reservoir and H
Paso. Mst years the sdinity of the vater inthe wnter istoo high for
donestic use. The drought inthe 1950s is visible as a darker vertica
band and the vet period in the 1940s is visibe as a ligter vertica
band in Hgure 4

(hl oride concentrations behave anal ogously to conductivity level s
intheriver. Houre 5 is the abserved chloride concentration in Ro
Gande water by season and year. Qiloride concentrations are
higher during the wnter nonths and during drought s when nore of
the dscherge intheriver is fromtheirrigaion dars. The drought in
the 1950s is evident in Fgure 5.

The variation in bicarbonate concentration (H3X;) is nore com
pex (Hgre 6). Ntice that the variadlity of bicarbonate is less than
the variability of chloride. Seasondl variations in bicarbonate concen-
tration are evident. Hcarbonate levels drop in February and Mrch at
the beginning of the irrigation season and i ncrease i n Sept enber and
Qtober a the end of the season. This nay indicate a change in
vater source for the river fromreservoir rel esses associated wthirri -
gation to brackish groundwater discharge fromthe shall ow aguifer.

27



The US Mxican Border Environnent

Foure 7: lon Miss Rations (S0,:Q, MG, add &x Q) as a
Function of Gnductivity

9.8

5
1.
5 14

¥
g [- -] . ]

| | ey |
1080 L 2B0E X580 oz L]
Condhscririey

Not e: Hgher conductivity values indicate periods of | over d scharge.
Decreases in the ion nass ratio for cal ciumand sulfate for high conductivity
va ues ind cates the precipit ation of cacite (G@3) and gypsum

The nul tiyear variations associated wth wet-dry clinatic cycles are
not as visible in the bicarbonate concentrati on dat @, suggesting con-
certrations are noderated by so ubility cotrds.

Fogue 7 pas the observed ion nass ratios for sulfate (S0,:@),
sodium(Nx @), and calcium(CGx @) to chloride as a function of vater
conductivity for the recorded period As discussed above, the higher
conductivity waters are associated wth periods of lowd scharge. In
Houre 7, the higher conductivity values and, correspondingly, the
lover discharge are to the rigt of the gaph. Gloride is used as a
tracer of evaporative concentration of the waters because it patid -
pates in few chenica reactions. Notice that the ratio of sodumto
chorideinthe vatersis not heavily influenced by the conductivity of
the water. In cotrast, the ratio of caciunto ch oride decresses by a
factar of fiveadtheratio of sufate tochoride decresses by afactar
o tw as the conductivity of the water increases in Hgure 7.

The vater chemistry trends suggest that cal ciumcarbonate is pre-
dptainginfieds dring periods of lowvd scherge. Recipitaiond cd -
cium carbonate (CGaQd;) in cocetrated vaters (and potentialy
sone dissoution during higher water years) would explain the
observed cal ciumto chloride ratio and the attenuation of variation in
bicarbonate ion. The sulfate trend suggest s thet, to a lesser extent,
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preciptation of caciumsufate as gypsum ( CaSOu*2H,Q occurs in
fidds. Redptation of calcium carbonate and calcium sulfate
decreases the anount of cal ciumin sol ution wthout af fecting sodi um
concentrations, thereby increasing the sodium adsorption ratio
(Rchards 1954), wichis acriticd factar far the qaity of irrigaion
vater. Witer wth high sodi umabsorption rati os can cause the break-
down of certan clay nnerds.

DI scussi oN

A nuniber of nanagenent decisions are likely to influence the quan-
tity and quality of vater flownginthe Ro Gande in the fuwe Rop-
uation gronth upstreamfromB Paso, in New Mxi co and Gl orado,
vill imitably lead to increased water denands. Bven wth water
reuse and (or perhaps especialy wth upstream vater reuse) the
sdinty o thevaer flowng dowstreamis likdy toincrease wth tine.

B Paso is currently considering placing an inperneable lining
along the base of some canals from Hephant Butte and Giballo
reservars to the loner Msilla Vdley. This would provide a year-
round source of higher quality surface water to H Paso. However,
reducing the cand leskage wll tend to increasse the sdinity of the
shallow groundvater and irrigation return flons. This codd further
degrade the quality of the Ro Gande and eventual |y danage the
quality of the interned ate and deep Msilla Bl son aquifers.

Another potentia water nanagenent strategy for the Msilla Va-
ley, which has not been attenpted, would be to apply excess irriga-
tion vater during high vater years at the end of the growng season.
This woud ted to periodcdly flush the sdts from the shalow
groundwater. The shallow groundwater is the prinary source of
recharge for the Msilla Bolson aquifers used extensively for water
supdy by the city of H Paso. Lovering ion concentrations inthe shal -
low aquifer would serve to protect this valuabl e resource into the
future as well as | ower downstreamconcentrations of ions inthe Ro
Gande during | owwater years.
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