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ABSTRACT

Water issues are invariaby contentious because of the val ue of vater
adits scarcity in the Ro Gande Basin. The nanagenent of water
resources is nainly concerned wth two inport ant aspect s quantity
and quality, bath of wnichvary over tine. This article provides an hi s-
toricad overview, dating back 50 years, of releases from Giallo
Reservoir and storage in Hephant Buitte Reservoir. Hstaicd dwver -
sions by vater users ad historical vater quality issues, such as
«dirity, are presented graphically. A perspective of the past, curet
trends, ad inplications for the future are presented.

INTRODUCTI ON

The 100 years between 1900 and 2000 have brought trenendous
change to the upper half of the Ro Gande Basin. In 1900, the Mx-
ican governnent was contesting reduced flows in the Ro Gande
(Ro Bavo) at Qudad JufEez, (hihuahua, to the US governnent.
Mxican and US farners were unable to irrigate land that had been
receiving vater for decades. A the sane ting, 500 niles to the north,
settlersinthe Sn Luis Valley of southern @l orado near the head-
vaters of the Ro Gande were developing privately funded irriga-
tion ddridas as fast as possible. In New Mxico, between A bu-
querque and Las Guces, spring flooding along the Ro Gande was
an and irritation for farners. (The spring floods, hovever, were
part of the process that provided arichad dverseriparianhadit & fa
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vildife) As aresult, Hephant Bitte Damwvas proposed just prior to
1900. The proposed damwoul d store spring runof f rer Truth or Gn-
sequences, New Mexi co, thereby providing water for reliabl e sunmer
irrigation rel eases and preventi ng downst reamfl oodi ng. Private funds
were not available to construct the dam and the US Bureau of
Reclamation (UBBR did not yet exist. Hwever, the US Qngress
supported water devel opnent for agriculture because it viewed farm
ing as the preemnent tod in settling the vest.

The UBBR which was created in 1902, conpl eted construction of
Hephant Bitte Camin 1916 and continues to operate the facility for
porer gereration and for vater deliveries to the Hephant Bitte Irri -
gation Dstrict (BD and the H Paso Gunty Wter | nprovenent
Dstrict (EFOND. The damhas a storage capacity o 206 mllion
acre-feet *and a generation capacity of 28 MNof hydroel ectric pover .
The USBR conpl eted CGaballo Dam 40 kil oneters downstream of
Hephant Butte in 1938 to capture and store wnter power generation
rel eases fromthe dam Below Giballo Dam all the way to H Paso,
the Ro Gande is largely channel i zed, i.e., straightened and bounded
by flood contrd levees. Mst of theriparianhebit at has been repl aced
wth irrigated fidds, indudng the hedtat of the silvery ninnon, an
endangered species that reflect s thetroided ecdogca staus of the
rive. Hephant Buitte Reservoir provides irrigation vater for 178 000
acres in New Mxi co and Texas, wth return floss irrigating an add -
tional 18,000 acres in Hidspeth Gunty, Texas. Agicdture still on-
tras the vast najority of the vater along the Ro Gande, despite the
fact that the econony is domnated by urban industries. Ayicudture
enpl oyed only 14,000 (1. 7% of the 820,000 person workforce and
generated $268 ml lion (1.06% of the $25 hillion incone in the Upper
Ro Gande basin in 1993 (Nem and MGuckin 1997). H ephant
Butte Damproduced approxi natel y 102 mil lion kil onatt hours of el ec-
tricity in 1999, which a seven cet s per kilonatt hour woul d be val -
ued a $7.1 mllion 2 The econonic power of nunicipditiesis shom
by the transfer of vater into nnicipd ad indwstrid uses. The H
Paso vater utility is swtching fromgroundvater to sust ainable Ho
Gande surface water by purchasing right s framagicdtud irrigation
ddgrias A thetun o the century, nost peode lived in rura aress,
whereas today nost live in cities. (hanges are being driven by the
trenendous increase in the popul ation of the region and the nove-
nent fromrura to urban conmunities.

Qe other inport ant variabl e has entered the vater equation: salin-
ity. For the loner part of the Uper Ro Gande basin, sdinity has
becone nearly as inportant as water quatity. SAinity is nessured
bytaa dssdved sdids (T0H. The headwaters of the Ro Gande
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cotain less than 50 ny L d TCO5 releases from Hephant Butte
Reservoir contain approxinately 300 ng/L, and flons in the Ro
Gande at H Paso during the wnter nonths cont ain 1,600 ng/L. The
T5 drirking vater linmit in Texas is 1,000 ng/L and the recom
nmended U S, EPA secondary linit is 500 ng/L. TDS concentrati ons
inthe Ro Gande at H Paso are directly inpacted by upstreamirri -
gtion retun flos. As B Paso swtches from groundwater to Ro
Gande surface vater, axflid saecataintoarise betveenirrigaas
and downst ream users.

PopPuL ATI ON

The H Paso G udad JufEez region popul ation has grown fromless
than 60,000 in 1900 to over 2 million today. The population is pro-
jected to clinb to approxinatel y 6 mllion by 2050 as shown in Hgure
1 H Pssoadone curently at 650,000, is projected to growto approx-
inately L8 mllion by 2050. The popul ation of Doea Ana County, New
Mexi co, which includes Las Guces, was 155,000 in 1994 (CERV
1998). This grothis occurring in a desert region that recei ves 20 cm
o rafdl andly, yet adl of these comnities tout gronh and pro-
noteit a every opportunity.

st ai nabl e devel opnent is a buzzword that attenpt s tod stingush
quality gronth, especialy concerning suf fic et veter supdies. The
cities of H Paso and QGudad Ju/Eez are intinately connected com

Fgwe 1 Popuation Trends for the B Paso G udad JuAEez Region

[~ ]

= pr

T
- P —
i .

] i T } }
175 1ME 1Y% 13N 1PN NI M B AR N0 1IN
Tear

=i~ H Pt Cruniy -5~ Jmisnbimbip i Dl L Cvuiy  —8—Thilk

Source;: CERM (11998).

11



The US Mxican Border Environnent

nercially, altudly, and geographically. Maquladoras tie bath cities
toget her economical ly. Qltudly, bath cities share a 400-year history,
wth nany fanmlies in H Paso having strong famly ties to Mxico.
Geographi cal ly, the two cities are connected because they share the
Ro Gande, as well as theregion s two nain aquifers, the Hieco and
the Msilla bd sones. As aresut, Gudad Ju/Eez s prgected popul a-
tion of 35 mllion for the yer 20680 wll have a drect inpact on H
Paso. Witer usage rates between the two conmunities vary greatly,
wth Gudad JufEez using approxi nately 340 liters per capita per day
(I'pcd) and H Paso using 643 Ipcd in 1999. The H Paso Wae Uili -
ties Departnent hopes to reduce water use to 605 Ipdc in the year
2000. ®

Rio GRANDE COMPACT

The Ro Gande Gonpat & fet sthe s ates of ol orado, New Mex-
i Texas, and Chi huahua (Mxico). The conpact ded s wth the por -
tion of the Ro Gande drai nage basin above R. Qitnan, and forns
the basis for vater allocation by lav The R o G ande Conpact Comt
mssion was created to equitady alocate water to the three US
$ ates and Chi huahua, Mexi co.

Inthe 1890s, water short ages began to occur al ong the R o Gande
inthe Msilla and H Paso vall eys. Peopl e near G udad JufEez began
to conplain to the Mxican governnent. In response, the Mxican
governnent filed a claimagai nst the Lhited States, asserting that the
vater short age was due to increased diversions fromthe Ro Gande
in @l orado, New Mxico, and Texas. In 1906, a treaty wth Mxico
vas reached that entitled Mxico to 60,000 acre-feet annual ly, to ke
delivered from Texas. To ensure delivery, Hephant Bitte Dam wth a
capacity of approxinately 2 million acre-feet, was constructed in
1916. Wth water denands increasing in l orado, New Mxi co, and
Texas, a conmssion was forned of appoi ntees fromeach st ate and
one federal represent ative to study the vater supply in the area ad
todlocate vater tothe st ates invdved They concl uded a conpat in
January 1929 (Gark 1987, HIl 1968).

Later, on 28 xtober 1935 Texas sued New Mxi co, citing that New
Mexia had vio ated the terns of the 1929 conpact by inparing the
vater supply in Hephant Bitte Reservoir through increased diver -
sions and increased st cotet in the river, and that these actions
vidaed the rigt sd Texas water users as set out by the SQuprene
Qut. As aresut, thenpresident Franklin D Roosevelt requested an
investigation of the situation, and upon conpl etion, the Ro Gande
comnmissioners net to negotiate a new conpact on 27 Septener
1937. These negotiations resuited in the fomlation of the Ro
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@ ande Conpact Gmission of 1938, which incl uded a set of deliv-
ery schedules and requirenents fa the three states (Gark 1987).
The delivery schedul e stipuates that 790,000 acre-feet are to be
rel eased annual |y fromH ephant Butte for use by New Mxi co, Texas,
and hihuahua. In order to guarantee this release, during a year of
typcd rud f, @Goadbisreqiredtoddiver onethird of thetad Ro
Gande flowto Hephant Butte. This anount increases to 50%in wet
years and reduces to 20%in dry years.

New Mexi co s delivery requirenent s are as fdlovs: the st ate nust
contribute 60% of the Ro Gande flow passing the Qow bridge
above Abuquerque. Howat this bridge serves as the index st dionfa
determining deliveries south of Hephant Buitte, and is neasured at
the San Mrcial gauging st ati on above H ephant Butte Reservoir. The
requirenent is 80%in wet years wth no requirenent for vater deliv-
eies a the loner end of the scae (Gark 1987).

Texas is required to deliver 60,000 acre-feet to Mxico in accor -
dance wth the 1906 treaty. The quantity of vater availade for usein
the H Paso Gounty Water Inprovenent Dstrict (BFOND and the
Hudspet h Gounty nservation and Recl amation O strict (HIRD of
Texas are less precisdy defined.

The states of lorado and New Mxico do not need to strictly
adhere to their delivery requirenent s each and every year. Hwever,
the conpact does set limts fa dits ad credits. New Mexi co nay
not be charged wth nore than 150,000 acre-feet in any one year, @
ata a of 200,000 accrued acre-feet. Smlarly, @ orado has a debit
lint of 100,000 acre-feet in any one year and an accrued debit of the
sane anourt. Inthe case of over-deliveries, or credits, the maxi num
anout that either state nay clamin any year is 150,000 acre-feet.
Aso, the anout of credit wll be reduced by the anout of the spill

Table 1. Wdea Alocations fromH ephant Bitte Reservoir

Ham WD KB Maxicn Tatal
Wurcs tight woiry 39,514 50,640 15840 | 1P
Perexot of ol nys .5 11% 100%
Diettveerd ur head garec

whan £52.000 wors-fust 217,000 of | 205,000 8 | 53,300 of | 555,400 of
arc smalable Far releas

Diecbireiead xt bead gutes o
yeurs o full ; 550,00 of | 475,000 of | 60,000 of | 195,000 of

Source: US Departnet o Interior (1980).
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Houre 2 Hephant Bitte Storage
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fromthe reservair, and no credts can be clained in the year of any
swchsall.

The agreenents of the conpact are nuch nore specific than
$ated above and include nany nore provisions for the debit and
credt of vater. Despite continued controversy over vater use, the Ro
G ande Conpact has acconplished what it was designed to do,

nanely, to eqitady dlocate vater for use by each state (CERM
1998, HIl 1969).

Fgure 3: Gaballo Rel eases Versus Ta d Dversions
L&
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Source: USBR dat a
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Fogre 4 Annual Dversions fromthe Ro Gande bel ow H ephant
Bitte Reservoir
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Foure 5 Quulative Ro Gande Water Wsage for BPW
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WATER STORAGE, USE, AND SALIN TY

Asummary of the water allocations fromH ephant Butter Reservoir
isshownin Tddel The EBDis responsible for vater deliveries in
New Mexi co fromH ephant Butte Dam and the BPOND has sini -
lar duties in H Paso Qunty in Texas (Mbsel ey 1970). Wae ddiv-
eries to Mxico are nade at the Acequi a Madre headgate in d udad
JuEez. The dfferece intata deliveries between years of |inted
supply and full supply is approxinately 360,000 acre-feet of water.
(Ayear is considered linmted in supply when onl'y 492, 000 acre-f eet
o vater are availade for release.) This is very signficat, espe-
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cialy as mnicipal water supplies becone nore dependent on the
vater fornerly used for irrigation

Water storage levels in Hephant Bitte Reservoir have varied dra-
natically since the 1950s, as shomn in FHgure 2. Beginning in 1979,
the volune of water in storage on Mrch 1 increased dranatically
over the previous 30 years. This increase in storage tramslates to a
high degree of certainty for ful-supply deliveries to head gates during
the irrigation season. Vien 200,000 acre-feet are in storage on
Mrch 1, head gate ddliveries are usua ly close to the full -supd y sce-
nario shomn in Table 1 and confirned in Hgure 3. Fgure 3 includes
the average reuse factor, which was determined by dividing Gball o
Reservoir releases by totd dversias. The average reuse factor
between 1950 and 1996 was 1.18. The reuse factor since 1980 has
been hi gher than the | ong-termaverage.

Dversions fromthe Ro Gande between Giballo Reservoir and
HIFD are shown in Hgure 4. Dversions by EBD are fol | oned by
BPOND HORD, and Mexico at the Acequia Mdre. Bringing up
the rear isthe H Paso Waer Uility (BPA). Athough the anount of
the diversion for BAMW seens insignificant by conparison, there has
been a narked increase since the early 1990s. This incresse reflect s
the EPW s plan to increase uwilization of Ro Gande water as a
renewabl e resource. Hgure 5 shows the exponential growth of H
Paso s cumil ative water use since 1950. The R value for the expo-
retid fit tothedtainFHgre5is 097 The exponential growh of
Ro Gande vater use clearly illustrates H Paso s increasi ng depend-
ence on the Ro Gande for water. H Rwso stdal water denand
i ncreases every year despite decreasing per capit a use, because the
rae of popuation ggovth is higher than the rate of declining per

Fore 6 Yexly Average TB5in the Ro Gande at H Paso Staion
E. .

e N
N EROMIBIVACAS LN .

P

Source: |B/AC (1931 ).
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Hogure 72 Ro Gande TDS in Wt Years (1942, 1966, 1987) and Dy
Years (1954 57, 1964, 1972, 1978)
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cgitauwse Inaddtion H Pasois being forced to decresse it s use of
aquifer vater due to declining vater tades and sdinization

B Paso currently has 300,000 nf/d of surface water treatnent
capacity split evenly between two surface water treatnent plants
These plant s treat surface water during the irrigation season, which
begns inlate February and ends in early Qtober. The EPWJ want s
to bring these dat s on-line earlier in the year and shut themdown
laea, eventually operating themthroughout the year. In addtion the
BPWis currently working on the design of a new 300,000 ni/d sur -
face vater treatnent facility that would be located near the New M-
i Texas border a Anthony, Texas. The city of Las Quces, New
Mxico, is aso considering the use of Ro Gande water to suppl e-
net its groundvater resources. The trend is obvious. Minicipdities
are swtching to the Ro Gande as a | ong-termsust ai nabl e resour ce
as agquifers decline and becone nore saline.

Sinity is acotentious issue. Slinity reduces the econonic use-
funess of water in every inst ance, wether for agricuture or nunici -
pa use UWfotunately, nearly every use of water increases sainity.
Muni ci pal use increases salinity 200to 300 ng/L as it nakes the tran-
sition fromnthe vater suppy in the dstribution systemto treated
vastewat er. This hes littleinpact since | ess than 10%0of water usage
isfor nonicipa andindustriad useinaridregons. Haure 4 shows that
the BAW has diverted approxi natel y 50,000 acre-feet per year in
recent years. In 1999, 53,000 acre-feet were taken fromthe Ro
Gande. Tdad agicdtua dversios are 10 to 20 tines this anount.
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Fgure 8 Helds near Hatch, New MXi co

Irrigation has a dranatic inpact on salinity because 85 90%aof con-
sunptive vater useis for agriculture as shown in Fgure 4. Wth each
gicaion sdts are concentrated, as approxinately hal f of the water
islost through evapotranspiration, wile addtiod sdts are | eached
at o thesal pdile

The annual average TS concentration in rel eases from H ephant
Butte Damis approxinatel y 300 ng/ L, while the annual average TDS
concentration at the H Paso Station is approxinately 1000 ng/L, as
shomn in FHogure 6. The | egal naxi num TDS concentration i n drinki ng
vaer in Texas is 1000 ng/ L. TDS concentrations for January through
Decener for selected wet years (1942, 1986, and 1987) and dry
years (1954 1957, 1964, 1972, and 1978) are shown in sequence in
FHgre 7. The inpact of successive dry years is shown when | ooki ng
a the years 1954, 1955 1956, and 1957, which are st acked one
behind the other. The TCB concentrations during the wnter nonths
are extrengly high during each of these years, and the TDS during
sunmer nonths gradual |y increases for each succeeding year of
drought. The TO5 concentrations in wnter nonths increase to nearly
4000 ng/Lin 1956 ad 1957 as aresut of the drought that st artedin
1954. FHelds such as those shown in FHgure 8 near Hatch, New Mex-
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iocg suf fer decreased productivity when TOS increases and urban
areas have to consider the use of nenforane desalination.

CONCLUSI ONS

 Popul ation growth and the predominance of urban econon cs
indcate that vater transfers fromagricutura use to urban use
wll cotine

Water is available to support urben gronth as long as it can be
transferred fromagricutural use to nonicipa ad indstrid
USes.

' Yearly average TS concentrations in the Ro Gande shown in
Hgwe 7 ae drectly inpacted by drought, but appear to
renain const at overall. Hgh wnter season TDS concentra-
tions limt water use duing this period. Increased use and
resse of water in upstream netropolitan aress like A bu-
querque, New Mxico, are likdy to slody increase the salt
| oad del i vered downstream

Reriods of drought pose the largest challenge, not only because
of reduced vater quantities, but a so because of the increased
sdintyinthe availdde vater supy.

 The need for urban areas to have surface water deliveries 12
nont hs of the year wil gradual |y change the | ong-termdynam
ics o theriparian system

 The riparian ecosystemw || conti nue to degrade because of the
pressures of urban growth and nore intensive wat er-use prac-
tices. Qly najor ef fat s and significant investnent wll change
ths

B Paso has supported its goah by uwilizing a large pat o the
available fresh groundwater in the Hieco Bolson. Ths agifer is
gradual |y being exhausted. Hans to inject treated Ro Gande wat er
intoths aqufer wil nake it into a storage reservoir far seasod o
drought use, dependi ng on nanagenent deci sions. As the Lpper Ro
@G ande basi n system becones nore and nore intensivel y nanaged
and devel oped, perturbations such as drought or clinate change will
have significat inpad s The extent and nagnitude of these inpat s
shoud be studed in order to better understand the ef fed s o ar
growh and nanagenent decisions on the environnent in which we
live
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NOTES

1 land units and water volunes in the Lhited States are conmonl y
neasured in terns of acres. Qe acre is equal to 43,560 square feet,
whichis equvalent toasquare parce of land approxinatel y 209 feet
on each side. The anount of vater used to irrigate one acre of land
to a depth of oe foat is cdled an acre-fodt. An acre-foot cont ai s
325,851 gal lons of water,or 1233.5 cubic neters. Qe cubic neter of
vater contains 2642 US gdlons. A acre of cottonrequires three to
five acre-feet during a growng season. A famly of four using 200
gocd of vater during a year will use 0.9 acre-feet of vater.

2 For nore infornation regarding the Hephant Butte Dam see
<http://vwwv wsty . gov/ pover/ dat & sites/ @ ephant >

3. For nore infornation regarding B Paso usage rates see
<http://www epnw. org . >
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