Evaluation of Rio Grande Salinity
San Marcial, New Mexico to

El Paso, Texas

Prepared for New Mexico Interstate Stream Commission

New Mexico Environment Department

June 30, 2010

Daniel B. Stephens & Associates, Inc.

6020 Academy NE, Suite 100 « Albuquerque, New Mexico 87109




Daniel B. Stephens & Associates, Inc.

Table of Contents

Section Page
EXECULIVE SUIMIMAIY ...ttt e e e e e e e e et e e e e e e e e a bt bareeeeeeeaes ES-1
A {11 o o 1 Tox 1 T o 1
T I = o T =V o = 2
1.2 Basic Water QUAality CONCEPLS .. ..uuuuuuuruiiriiiiriiiriintiineiieriernrnrrr e ——————————————————————————— 3

1.3 Effects of Natural and Anthropogenic Factors on Salinization ...............cccccccuvvieeeienennnne. 4

2. DeSCription Of STUAY AFC@ .....uui i e e e e e e e e ettt e e e e e e e e e et e e e eeeeenens 7
2.1 RIVEr ADMINISTFALION ..ooiiiiiiiiiiiiiiiiie ettt e e e e e e et e e e e e e e s e bbb e eeeeeeeeaas 7
2.2 ANtNrOPOgENIC STIUCIUIES ......uuiiiiiieeeei ittt e e e e e e e e e e eeaee e s 9
2.3 S EAMIIOW . .. 12
2.4 HydrogeologiC SEIING ....oeeeiee et ————— 15
2.4.1 Rincon Valley and Palomas Basin..........ccccuuuiiiiiiieiiiiiiiiiiece e 15

2.4.2 Mesilla Valley and Mesilla Basin ...........ccovviiiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeee 16

2.4.3 Jornada del MUErto BasSiN...........couiiiiiiiiiiiiiiiiiiet ettt 17

2.5 Aquifers in the StUAY Ar€a.......ccoooeiieiiii i, 18
2.5.1 Rio Grande Floodplain AUVIUM ........coooiiiiiiiiiiie e 18

2.5.2 BaSin-Fill AQUITEIS.......coiiiiiiiei e e e e e e e e e e e e eenes 20

2.6 Groundwater/Surface Water INTEracCtion ............coooiiiiiiiiiiiiee e 21

3. PreVvious INVESTIQAtIONS .......uuiiiiieiiiiiiiiii et e e e e e e s st e e e e e e e s s eeees 25
4. Evaluation Of HISTOMCAI DALA........uuuuueii e a e e e e e e e eas 29
4.1 Methods Of ANGIYSIS ....iiieeieeeeice e e e e e e e e e e e et e e e e e e e eeeeenanas 30
4.2 SreamMflOW. ... 32
4.3 Chloride CONCENIIALIONS .....cceei e 37
4.4 Chloride Mass Balance Assessment Using Historical Data ................cccoevvviiiiiiieeeeeenns 39
4.4.1 Assumptions and LimMitatiONS.............eeuuueiieiiiiiriierirreiiresieerieeeereree——.. 44

4.4.2 Implications of ANNUAI LOAAS. ..........uuiiiiiiiiiiiiiiiiie e 44

5. SyNnoptic SAMPIING EVENTS .....ooiiiiiiiiiiiii e e e e e 47
5.1 Objectives of Synoptic Sampling Events and Study Design............ccccceeveeiiieeeeeee, 47
5.2 Rio Grande Streamflow CONAItIONS ......cccooeiiieeiiee e 51
5.3 Results of Synoptic SAmMpling EVENLS.......... e 53
5.3.1 August 2004 Sampling EVENL.........oouiiii e e 53

5.3.2 January 2005 Sampling EVENt............oovviiiiiiiiiiiiicieeeeeeeeeeeeeeeeeeeeeeeeeee e 60

5.3.3  Seasonal VarialiONS...........couuieiiiiiiiieiiiiiiieieeee ettt nnnennne 61

6. Source Water CharaCteriZatiON .......... .. . ueeeeieieeeeieeeieeeeieeeaeeeeeeeeeaeaeeeaeeeeaeeeeeeeeeeeneeeneeeneeennennnes 64
6.1 RIO GranUe WALET ......cciiiiiiiiiiiiiiie e ettt e ettt e e e e e e et e e e e e e e e e aabbareeeaaee s 64
6.2 Deep SaliNe GrOUNUWALET ........uuiiiiieeiiiiiiiie ettt e et e e e e e s eeeeee s 66
6.3 GeONEIMAl WALEK ... 67
0.4 WWASTEWALET ...ttt e e e et ettt e e e e e et e e e r e e e e et eer e e e e aeenne 68
6.5 AQGICUIUIAI WALET .....coiiiiiieiie et e e e s e e e e e e e as 68

P:\_WR09-036\SalinityRpt-Fnl.6-10\LRG-Salnty-Fnl_630_TF.doc i



Daniel B. Stephens & Associates, Inc.

Table of Contents (Continued)

Section Page

7. Modeling and Interpretation of Chemical and 1SOtOPIC Data ..............eeeueeeueiimmiinniiiiiiiiinnnnnss 75

7.1 Geochemical MOAEING .......ccoiiiiiie e e e e e e e e e e e e e e eeeeees 75
7.1.1 Reach 1: Rio Grande below Elephant Butte Dam to Rio Grande above

Truth or ConsequenCes WWTP......oooiiiiiiiiiii e 79

7.1.2 Reach 2: Rio Grande below Caballo Dam to Tonuco Drain..........cccccccceevveeeeene. 89

7.1.3 Reach 3: Rio Grande below Caballo Dam to Montoya Drain ...............ccc..c....... 98

7.1.4 Reach 4: Rio Grande below East Drain to Rio Grande at El Paso.................. 106

7.2 Chloride Mass Balance Assessment using Recent Data ...........ccooeeeeeieeiiinieineeeeeeeenn, 117

7.3 Contributions to the Rio Grande from Various SOUICES ...........cccuevvveeeeeeiiiiiiiiiiiieeeeeenn 119

8. Conclusions and ReCOMMENUALIONS..........uuuuuuurieiriieiiieerreneeeeerreereerrerrererrrrrrnreeennennenn. 121

RETEIBNCES. ... 125

P:\_WR09-036\SalinityRpt-Fnl.6-10\LRG-Salnty-Fnl_630_TF.doc ii



Figure

1-1

2-1

2-2

2-4

3-1

4-1

4-2

4-3

4-4

4-5

4-6

4-7

5-2

5-3

5-4

5-5

5-6

5-7

Daniel B. Stephens & Associates, Inc.

List of Figures

Page
SOUICES OF SAINITY....ceiiiiiiiiee it e e e e e s e e e e e e e aaaas 5
Lower RIO Grande StUAY ATBa ..........uueiiiieiiiiiiiiiiiiie et e e 8
Generalized Hydrologic Sections Showing Shallow Alluvial Aquifer System............... 14
August 2004 and January 2005 Sampling LOCALIONS ...........uuvuurimiriiniiiiiiiiiiiiinnnans 19
Generalized Geohydrologic Section of the Northern Mesilla Basin...........ccccccccceeeiiee 22
Streamflow and Chloride Concentration, 1905 t0 1907 .......cc.oiiveiiiiiiieiiieeieeeeeee e eeans 26
Historical Streamflow, 1942.........ccuiiiiiiii e 33
Historical Streamflow, 1980.........cciuiiiiiiiie et e e e st e s e e e e e eaans 34
Annual Mean StreamflOW ............eviiiiiiiie e 35
Seasonal Variations in Historical Chloride Concentrations in the Lower Rio
Grande Valley, 1929 t0 1963.........cooviiiiiiiiieiieieieeieeeeeeeeeeeeeeeeeeeeeeeseesereerreerrrerrrerrrrnrrrnnne 38
Chloride Concentration vs. Time, Irrigation Season (March through October) ............ 40
Chloride Concentration vs. Time, Winter Season (November through February)........ 41
Chloride Concentrations by Decade at Rio Grande at El Paso.........c..cccccevvvevvveevennnnn. 42
Seasonal Chloride Concentrations by Decade at Rio Grande at El Paso.................... 43
Historical ChlOrde LOAUS .........coooiiiiiiiiiicc e 45
Daily Mean Streamflow, August 2004 and January 2005 ............ccccceeeeeieieieeeee e, 52
Stiff Diagrams for August 2004 and January 2005 Sampling Locations ...................... 54
Spatial Variation in Chloride Concentration..............covevviviiiiiiiiieiiieieeeeeeeeeeeeeeeeeeeeeeee 55
Spatial Variation in TDS CoNCENtratioN ............civiiiiiiiiiiiiie e 56
Spatial Variation in Sodium CONCENTratiON............uviiiiiieeeiie e 57
Spatial Variation in Sulfate Concentration..............ccccvevvviiiiiiiiiieeeeeeeeee 58
Spatial Variation iN CI/BI .........ooouiiii e e e e e e e e e e eeeeeeaes 59

P:\_WR09-036\SalinityRpt-Fnl.6-10\LRG-Salnty-Fnl_630_TF.doc iii



Daniel B. Stephens & Associates, Inc.

List of Figures (Continued)

Figure Page
6-1 5"'B vs. Inverse of Boron CONCENIIAtION ............ccccvoveveueeiverereeeieeetee e, 70
6-2 Chloride/Bromide Ratio vs. Chloride ConCeNntration.............ccccuvvvrreeeeeenniniiiiiieeeee e 71
6-3  5>'S vs. Sulfate CONCENIIALION ..........cveveeeeeeeeeeceeeeeteteee ettt et ee s aeee s eenes 72
6-4  ®'Sr/%°Sr vs. Inverse of Strontium CONCENEratioN................ceeeveveveeeeeeeieeeeeeeeeeeeeeeee, 73
6-5 Fluoride vs. Strontium CONCENTIALION .........ciiiiiiiiiiiiiiiei e 74
7-1  Major lon Concentrations, MiX L. 80
7-2  Major lon Concentrations, MiX 2.......ccoooiiiiii i 83
7-3  Sulfur Isotopic Values, MiX 1 and MiX 2 ......cciiieieiiiiiiiiiine e eeeeeities e e e e eeanann e e e e e e eennens 85
7-4  Strontium Isotopic Values, Mix Land MiX 2 ... 86
7-5 Boron Isotopic Values, MiXx 1 and MiX 2 ... 87
7-6  Major lon Concentrations, MiX 3......cccooiiiiiiiii e 93
7-7  Major lon Concentrations, MiX 4. 94
7-8  Sulfur Isotopic Values, Mix 3 and MiX 4 ......ccoooiiiiiii 96
7-9  Strontium Isotopic Values, Mix 3 and MiX 4 ... 97
7-10 Boron Isotopic Values, MiX 3 and MiX 4 .......cccoooiiiiiiiiiiii et e e e eeneens 99
7-11 Major lon Concentrations, MiX 5., 103
7-12 Major Ion Concentrations, MiX 6........ccooiiiiiiiiiiie e 104
7-13 Sulfur Isotopic Values, MiX 5 and MiX 6 .......ccooeoeiiiiiiiiiiiiie e e e eeeeeisn e e e e e eeees 105
7-14 Strontium Isotopic Values, Mix 5 and MiX 6 ..., 107
7-15 Boron Isotopic Values, MiX 5 and MiX 6 ......cccooviiiiiiiiiii e 108
7-16 Sulfur Isotopic Values, Mixes 7,8, and 9 ... 113
7-17 Strontium Isotopic Values, Mixes 7, 8, and 9 ........oouiiiiiii i 115
7-18 Boron Isotopic Values, Mixes 7, 8, and 9. 116

P:\_WR09-036\SalinityRpt-Fnl.6-10\LRG-Salnty-Fnl_630_TF.doc iv



Daniel B. Stephens & Associates, Inc.

List of Figures (Continued)
Figure Page

7-19 Streamflow and Chloride Loads, August 2004 and January 2005 ..............c.ceeeeee. 118

List of Tables

Table Page
2-1 NPDES Permits on the Lower Rio Grande in New MeXiCO ...........uuvvveeeeriiiiiiiiiiiieeeeennne 11
4-1 Streamflow Gaging Station LOCALIONS ...........uuviiiiiieiiiiiiiiiii e 31
5-1 Sampling Locations and Dates Sampled ... e 48
5-2 GEOCHEMICAI TIACEIS .....eiiiiiiiiiie ettt 49
6-1 Lower Rio Grande End Member Signatures ... 65
0 AV 131 o TR T = = 1[0 1 77
7-2 Mixing Results, MiX L ... 81
7-3 MiXing RESUILS, MIX 2 .o 84
7-4 MixXing ResUILS, MiX 3 ..o 91
7-5 MixXing ResUlts, MiX 4 ... 95
7-6 MixXing ReSUILS, MiX 5 oo 101
T-7 MiXing RESUILS, MIX 6 ..cooeeiiieiieeeee e 102
7-8 Inverse Modeling RESUILS .......couuuiii e e e e e e e e e e aenes 112

P:\_WR09-036\SalinityRpt-Fnl.6-10\LRG-Salnty-Fnl_630_TF.doc \%



Daniel B. Stephens & Associates, Inc.

List of Appendices

Appendix

A

B

C
D
E

Tn

Prioritization Report

TDS Concentrations and Loads

Water Quality Data, August 2004 and January 2005
Additional Water Quality Plots

Estimated Concentration Factors for LRG Drain Water

GIS Shapefiles

P:\_WR09-036\SalinityRpt-Fnl.6-10\LRG-Salnty-Fnl_630_TF.doc Vi



Daniel B. Stephens & Associates, Inc.

Executive Summary

The salinization of rivers, as indicated by salinity increases in the downstream direction, is
characteristic of arid and semiarid regions throughout the world (Postel, 1993; Pillsbury, 1981)
and the Rio Grande is no exception. Water quality in the Lower Rio Grande (LRG) of New
Mexico has been extensively studied, and salinity increases in the downstream direction have
historically been attributed to various mechanisms. While some previous investigations assume
that salinization in the LRG is entirely due to agricultural activities, the bulk of evidence strongly
suggests that salinization in the LRG is due to upwelling of geothermal waters and "vertical
leakage from deep-seated regional groundwater flow systems" (Witcher et al., 2004; Moore and
Anderholm, 2002; Anderholm, 2002; Mills, 2003; Phillips et al., 2003; Frenzel et al., 1992).

At the request of the New Mexico Interstate Stream Commission (ISC) and the New Mexico
Environment Department (NMED), Daniel B. Stephens & Associates, Inc. (DBS&A) and
Geochemical Technologies Corporation (GTC) have investigated the processes that affect
salinity in the LRG, which extends from Elephant Butte Reservoir to El Paso, Texas. The

following activities were completed as part of the ongoing study:

e Previous investigations were reviewed and evaluated.

o Historical streamflow and water quality data were evaluated using statistical methods

and a mass balance approach (i.e., calculation of annual loads).

e Two synoptic water quality sampling events were conducted, one during the 2004
irrigation season and one during the 2005 winter season, to test for environmental

tracers to help identify contributing sources.

e The various sources (or types) of water in the LRG were identified and characterized;
water sources include Rio Grande water, deep saline groundwater, geothermal water,

wastewater, and agricultural water.

e For each synoptic sampling event, daily chloride loads were calculated to evaluate

contributions to the LRG from various sources.
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e Geochemical modeling was employed to simulate mixing of the various water sources in

the LRG in an attempt to explain the observed salinity increases.

Evaluation of early historical data indicates that salinization in the LRG occurred before the
reservoirs, agricultural drains, and centralized wastewater treatment plants (WWTPs) were
present. The current downstream pattern of salinization in the LRG, as indicated by observed
increases in chloride concentrations and chloride loads, is similar to that observed prior to the

construction of the reservoirs, agricultural drains, and WWTPs.

While evapotranspiration and agricultural processes do contribute to small increases in salinity,
those contributions are small compared to the contribution from geothermal and deep saline
groundwater. Results of this study indicate that it is not possible to reproduce the observed
salinization by evapotranspiration and agricultural processes alone. The isotopic data collected
as part of this study are essential in defining the mixing process because of the independent

constraint they provide.

Results of isotopic analyses, geochemical modeling, and a chloride mass balance assessment
indicate that natural sources of salinity are the principal contributors to the salinization of the Rio
Grande. More specifically, a combination of geothermal and deep saline groundwater inflow to
the Rio Grande, both directly and via the agricultural drains, is primarily responsible for the
observed salinization of the LRG. As an example, large salinity inputs occur in the

southernmost reaches of Mesilla Valley (just north of the EI Paso Narrows).
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1. Introduction

The salinization of rivers, as indicated by salinity increases in the downstream direction, is
characteristic of arid and semiarid regions throughout the world (Postel, 1993; Pillsbury, 1981)
and the Rio Grande is no exception. The Lower Rio Grande (LRG) extends from Elephant Butte
Reservoir to El Paso, Texas (NM OSE, 2005). Water quality in the LRG has been extensively
studied. Salinity increases have historically been attributed to various mechanisms, including
(1) evaporation and concentration during reservoir storage, irrigation, and subsequent reuse,
(2) displacement of shallow saline groundwater during irrigation, (3) erosion of natural deposits,

and/or (4) inflow of deep saline groundwater.

In 2003, the State of New Mexico initiated a comprehensive water quality investigation in the
LRG that includes an ongoing water quality monitoring program for both surface water and
groundwater. Early results of this investigation were published in Moore et al. (2008). There
has recently been increased interest in (1) processes affecting salinization in the LRG and
(2) salinity management in the LRG. This increased interest is evidenced by several recent
publications (Bastien, 2009; Hibbs et al., 2003; Hogan et al., 2007; Hutchinson and Hibbs, 2008)
and the formation of the multistate Rio Grande Project Salinity Management Coalition. Due to
this recent interest and activity, the New Mexico Interstate Stream Commission (ISC) and New
Mexico Environment Department (NMED) decided to make available results of their early work
from 2005 conducted as part of their ongoing water quality investigations. This report presents

complete results of that early work, including those published in Moore et al. (2008).

As part of the State's comprehensive water quality investigation that was initiated in 2003, the
ISC and the NMED requested that Daniel B. Stephens & Associates, Inc. (DBS&A) and
Geochemical Technologies Corporation (GTC) investigate processes that affect water quality,
especially salinity, in the LRG. The focus of this investigation was to improve the understanding

of the processes effecting changes in water quality in the Rio Grande in New Mexico.
DBS&A investigated how salinity in the LRG has changed historically and identified

mechanisms and contributing sources, or end members. In cooperation with the ISC and

NMED, DBS&A conducted two synoptic water quality sampling events to test for environmental
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tracers to identify end members: one during an irrigation season (August 2004) and one during

a winter season (January 2005). The main objectives of this LRG water quality study were:

e To determine, based on the existing data, any trends in the quality of water delivered in
the LRG

e To investigate seasonal variability of primary constituents in the LRG, including chloride
and total dissolved solids (TDS)

e To identify principal sources of salinity to the Rio Grande

o To identify, to the extent possible, geographic locations and relative contributions of

salinity

This section presents basic water quality concepts. Hydrogeology of the LRG is discussed in
Section 2. Previous investigations and water quality data are reviewed in Section 3. Section 4
evaluates the variability of historical data and presents calculated annual salt loads. Section 5
provides a general overview of water quality conditions observed during the recent synoptic
water quality sampling events. Potential end members are defined in Section 6. Results of end

member mixing scenarios are presented in Section 7. Section 8 presents conclusions.

1.1 The Rio Grande

The Rio Grande flows from its headwaters at over 12,000 feet above mean sea level in southern
Colorado, through New Mexico, to Texas and Mexico, where it forms the international border.
Surface water is delivered to Mexico through operations of the Rio Grande Project, in
accordance with the May 21, 1906 Convention between the United States and Mexico for the
Equitable Distribution of the Waters of the Rio Grande. Within the United States, the waters of
the Rio Grande are apportioned between the three states by the Rio Grande Compact (the
Compact), an agreement entered into by New Mexico, Texas, and Colorado in 1938 and
approved by the U.S. Congress and the State of New Mexico (NMSA 72-15-23).

P:\_WR09-036\SalinityRpt-Fnl.6-10\LRG-Salnty-Fnl_630_TF.doc 2
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The Compact applies to surface water of the Rio Grande, from its headwaters in Colorado to
Fort Quitman, Texas, for use by each of the three states. Each upstream state is required to
make a surface water delivery to its downstream neighbor; Colorado delivers water to the Rio
Grande at Lobatos gage near the Colorado-New Mexico state line and New Mexico delivers to
Elephant Butte Reservoir. The volumes of water required to be delivered to New Mexico and
Texas are calculated based on upstream flows and are accounted for by credits and debits
based on annual deliveries. The Compact primarily describes water deliveries; however, water

guality is a component of the Compact and is addressed in Article XI.

Surface water stored in Elephant Butte Reservoir is distributed to water users in Texas and New
Mexico, and delivered to Mexico, by the operations of the Rio Grande Project. Most of this
water is used for irrigation; however, a significant portion is now diverted for municipal purposes
by the City of El Paso.

1.2 Basic Water Quality Concepts

Water quality is a general term used to describe the chemical composition of a particular water
sample. Water quality is affected by many natural and anthropogenic factors. The water quality
of a particular sample represents "the net effect of a series of antecedent chemical reactions”,
as well as antecedent physical and biological processes (Hem, 1992). Different water sources
generally have different chemical "signatures” or "fingerprints" that can be used to identify and
differentiate the various sources. This concept is discussed in greater detail in Sections 5
through 7.

Salinity is defined as the concentration of dissolved salts in a particular water sample; it is a
general indicator of water quality. Several methods are available to quantify salinity. The
concentration of TDS is a measure of the dissolved ions in a water sample, and is reported in
milligrams per liter (mg/L). TDS is generally considered a conservative constituent in surface
water environments (although it is not conservative in a groundwater environment). The
concentration of chloride is generally proportional to the concentration of TDS, and therefore
may be used as an indicator of salinity. Chloride is also considered a conservative constituent

in both surface water and groundwater environments. For purposes of this report, salinity will
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be discussed primarily in terms of chloride concentrations. Chloride concentration was chosen

as the main water quality parameter for this discussion for the following reasons:

e Chloride is a conservative tracer, and its movement within the hydrologic cycle is largely

controlled by physical processes (Hem, 1992).

e Measurement of chloride concentration is one of the “simplest and most dependable

procedures in water analysis” (Hem, 1992).

e A large amount of historical chloride concentration data is available for a variety of water

types.

¢ Chloride concentration is one of the primary water quality concerns in the LRG.

1.3 Effects of Natural and Anthropogenic Factors on Salinization

Like water quality, salinity is affected by many natural and anthropogenic factors (Figure 1-1).
Increases in salinity may occur directly, through the addition of dissolved salts, or indirectly,
through the removal of water. Natural sources of dissolved salts are often referred to as "cyclic
salts", which include wet or dry atmospheric deposition and the weathering of rocks. Other
natural processes that result in the addition of salt include upwelling of deep saline groundwater,
geothermal water, or magmatic water. Evaporation and riparian transpiration are naturally
occurring processes that result in higher salinity concentrations by removing water; however,
these processes do not increase the salt load because the increase in concentration is offset by
the decrease in the volume of water, and the load, or total amount of salt, remains the same
(Moore and Anderholm, 2002). These processes may be enhanced by anthropogenic activities
such as irrigation and reservoir storage. Anthropogenic sources of dissolved salts include a
variety of municipal and industrial sources, such as urban runoff, wastewater effluent, septic

tank discharge, and fertilizers.
The effects of agriculture on salinization are well understood and well documented (Hem, 1992).

These effects are briefly discussed here. When water is used for irrigation purposes, some of

that water is lost to evapotranspiration. When water is removed from the system, the
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concentration of TDS increases even if no other salts (dissolved solids) are added. In other
words, TDS concentrations increase when subjected to increased evapotranspiration that
inevitably occurs with irrigation. This does not mean, however, that irrigation or agricultural
practices are the only sources of TDS. |In fact, salts are not added to the system during

evapotranspiration; rather, water is removed from the system during evapotranspiration.

Salts may be introduced to the system when irrigation water is applied to fields. Potential
sources include fertilizers and soil amendments that may leach into the water during the
irrigation process; however, the quantity of salts added to the system through this process is
estimated to be rather small (Hem, 1992). The combination of (1) water removal during
evapotranspiration and (2) the leaching of fertilizers and soil amendments results in increased
TDS concentrations. However, increases in TDS concentrations that result from agricultural
practices are not the sole source, or even a significant source, of salinization in the LRG
(Frenzel et al., 1992; Anderholm, 2002; Moore and Anderholm, 2002; Mills, 2003; Phillips et al.,
2003; Witcher et al., 2004; Hogan et al., 2007; Moore et al., 2008).
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2. Description of Study Area

The study area extends from San Marcial above Elephant Butte Dam, New Mexico to the El
Paso Narrows, Texas (Figure 2-1). A basic understanding of the study area and the processes
at work within the study area are required to provide the necessary background and context with
which to understand previous investigations, study design, and interpretations. The purpose of
this section is to present a concise description of the study area. See the selected references

cited throughout this section for additional details of the various aspects of the study area.

The study area is located within the Basin and Range Physiographic Province. The climate is
arid to semiarid, with large fluctuations in daily temperature, low relative humidity, and potential
evaporation far exceeding precipitation. Annual precipitation varies from 8 to 10 inches along
the inner valley to as much as 16 inches in the highest elevations that border the study area
(Ellis et al., 1993). Potential evapotranspiration generally exceeds 75 inches per year (Ellis et
al.,, 1993). Most of the annual precipitation falls in thunderstorms during the monsoon season
(July through September). Land use is predominantly agricultural and urban within the inner
valley of the LRG (that is, the area within Rincon and Mesilla Valleys) (Figure 2-1). Outside of

the inner valley, rangeland is the predominant land use.
2.1 River Administration

Streamflow in the LRG is highly regulated, primarily to meet the irrigation demands of the Rio
Grande Project and to meet the international delivery requirements of the 1906 Convention
between the United States and Mexico for the Equitable Distribution of the Waters of the Rio
Grande. The Rio Grande Project was developed to serve 90,640 acres of farm land in the
Elephant Butte Irrigation District (EBID) and 69,010 acres in El Paso County Water
Improvement District 1. Not all of this acreage is currently irrigated, and at the present time
considerable acreage in Texas has been retired in order to allow the Rio Grande Project to
supply surface water for municipal purposes to the City of El Paso.

The U.S. irrigation districts and the U.S. Bureau of Reclamation (USBR) have developed an

operating agreement that describes the allocation of water between the two irrigation districts
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and Mexico, as well as the day-to-day management of the river. In general, the USBR releases
surface water from reservoir storage during the primary irrigation season, from March through
October, in response to orders from the irrigation districts and in accordance with annual
scheduling agreements with Mexico. During the winter months, and at other times during low-
supply years, there are no releases of water from the reservoirs, and the flows of the Rio
Grande in the LRG consist mostly of drain flows and wastewater.

2.2 Anthropogenic Structures

A complex system of anthropogenic structures controls streamflow and affects
groundwater/surface water interactions throughout the study area. Any discussion of hydrology
in the LRG would be incomplete without an understanding of the many anthropogenic structures
that affect it.

Streamflow in the LRG is almost entirely regulated by releases from Elephant Butte and Caballo
Reservoirs. The reservoirs are operated to meet interstate compact deliveries and international
treaty obligations and to support agricultural activities within the Rio Grande Project, including
the New Mexico portion of the LRG. Large-scale water diversion and storage in New Mexico
began in 1916 with the completion of Elephant Butte Dam, which was part of the Rio Grande
Project of the USBR. In 1938, Caballo Dam was completed farther downstream, primarily as a
flood control structure and also to allow electricity generation to occur at Elephant Butte Dam in

response to electrical demand (i.e., not only when there is agricultural demand for water).

There are three diversion dams in the study area: Percha, Leasburg, and Mesilla Dams
(Figure 2-1). These dams control diversions from the Rio Grande for agricultural use. The
Percha Diversion Dam was constructed in the late 1910s. It diverts water into the Rincon Valley
Main Canal, and is used to irrigate up to 16,000 acres in the Rincon Valley. The Leasburg
Diversion Dam was completed in 1908. It diverts water into the Leasburg Canal, and is used to
irrigate up to 32,000 acres in the upper Mesilla Valley. The Mesilla Diversion Dam was built
from 1914 to 1919. It diverts water into the East and West Side Canals, and is used to irrigate

up to 54,000 acres in the lower Mesilla Valley (Mills, 2003). Water from the diversion dams is
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delivered to agricultural fields by a system of canals. Water is delivered from the canals to the

fields by gravity flow.

Once the Rio Grande Project had established a dependable water supply for irrigation
purposes, water levels in the shallow alluvial aquifer began to rise (Conover, 1954). Rising
water levels soon resulted in water-logged land that was unsuitable for agriculture. To remedy
this situation, a complex network of agricultural drains was installed throughout the Rincon and
Mesilla Valleys (Figure 2-1) during the 1930s and 1940s. These drains generally define the
water table elevation and intercept (1) shallow alluvial groundwater, (2) any unused irrigation
water, and in some cases, (3) wastewater effluent. Water intercepted by the agricultural drains
is returned to the main stem of the Rio Grande and is referred to as return flow. During periods
of drought, there is increased reliance on groundwater pumping for water supply, which can
result in increased drawdown that disconnects the drains from the water table, and significantly

reduces return flow to the river.

Wastewater effluent is discharged to the Rio Grande throughout the LRG (Table 2-1) and
provides a relatively constant source of streamflow to the Rio Grande. In the LRG, discharge
from wastewater treatment plants (WWTPSs) is the primary source of wastewater effluent. In
addition to the WWTPs, one industrial site (El Paso Electric) discharges wastewater effluent to
the river (Table 2-1). Wastewater effluent affects both the quantity and the quality of streamflow
in the Rio Grande. There are 11 discharge locations or outfalls permitted by the
U.S. Environmental Protection Agency (EPA) within the LRG (Table 2-1) (NMED, 2005);
however, only 10 of these outfalls are currently active. Note that the permitted design flow
shown in Table 2-1 is the maximum allowable discharge, not necessarily the actual discharge.
While not all the facilities discharge directly to the Rio Grande, most wastewater effluent
discharged to drains eventually reaches the Rio Grande as return flow. Within the study area,
wastewater effluent is not a very large contributor to flow on an annual basis; however, during
times of low streamflow, wastewater effluent can be proportionally significant. The relative

proportions of wastewater effluent to instream flow are discussed in greater detail in Section 5.
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Table 2-1. NPDES Permits on the Lower Rio Grande in New Mexico

Permitted

Record Design Flow Receiving First Year

Number Facility Name (mgd) Waterbody Issued
1 City of Truth Or Consequences WWTP 1.06 Rio Grande 1980
2 Village of Salem WWTP 0.2 Rio Grande 2003
3 Village of Hatch WWTP 0.3 Hatch Drain 1980
4 City of Las Cruces WWTP 8.9 Rio Grande 1977
5 South Central Regional WWTP/ 1.05 Rio Grande 2003

Dona Ana County (Vado)

6 Anthony Water And Sanitation District WWTP 0.9 East Drain 1987
7 Santa Teresa® 0.53 West Drain 1995
8 Gadsden Independent School District 0.09 Rio Grande 1978
9 City of Sunland Park WWTP 1.2 Rio Grande 1985
10 El Paso Electric Company 002 0.52 Montoya Drain 1978
11 El Paso Electric Company 001 0.33 Rio Grande 1978

® The Santa Teresa outfall is currently inactive (NMISC, 2005).
NPDES = National Pollution Discharge Elimination System

mgd

= Million gallons per day

WWTP = Wastewater treatment plant
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2.3 Streamflow

The surface water system of the LRG is comprised of several components, including:

e The Rio Grande
e The irrigation system, which includes canals (or acequias) and agricultural drains
e Tributaries to the Rio Grande, which includes wastewater effluent and ephemeral

tributaries

The Rio Grande is the first major component of the surface water system in the LRG. Most of
the water in the Rio Grande originates as precipitation in the San Juan or Sangre de Cristo
Mountains, in the headwaters of the Rio Grande watershed (Moore and Anderholm, 2002). This
water is stored in Elephant Butte and Caballo Reservoirs (Figure 2-1) and is released primarily
for irrigation purposes and to meet the U.S.-Mexico treaty and the Interstate Compact delivery
requirements. The nature of streamflow in the Rio Grande is such that two distinct periods or
"seasons" can be defined:

e The irrigation season, which is characterized by high streamflow

¢ The winter season, which is characterized by low streamflow

The irrigation season generally coincides with the growing season and lasts from mid-March
through mid-October; however, the exact dates may vary. During the irrigation season,
discharges greater than 1,000 cubic feet per second (cfs) are released from Caballo Reservair,
and streamflow in the system is relatively high. At this time, irrigation diversions and return
flows comprise the majority of the flow in the river (Anderholm, 2002). Because reservoir
releases dominate streamflow during the irrigation season, water quality in the river is reflective
of the water quality released from Caballo Reservoir. Streamflow is therefore an important

control on salinity concentrations.
The winter season generally extends from mid-October through mid-March. During the winter

season, little to no water is released from Caballo Dam, although some seepage does occur.

Accordingly, any surface flow below Caballo Dam is derived primarily from (1) seepage from
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Caballo Reservaoir, (2) drainage of the irrigated soils and the attendant return flows to the river
from the agricultural drains, and (3) wastewater effluent. During the winter season, streamflow
throughout the LRG system is relatively low. Although the majority of irrigation occurs in the
spring and summer months, a small amount of irrigation occurs during the winter, especially of

orchards and tree farms. Groundwater is the primary source for winter irrigation.

These streamflow patterns are typical of the LRG system and are well documented by previous
investigators (e.g., Frenzel et al., 1992; Anderholm, 2002; Moore and Anderholm, 2002; Mills,
2003; Phillips et al., 2003; Witcher et al., 2004).

The second major component of the surface water system is the irrigation system. As with
streamflow in the Rio Grande, surface water flows in the irrigation system are seasonal. During
the irrigation season, water is diverted to agricultural fields via canals. The canals are generally
empty (and dry) during the winter season. Flow in the agricultural drains varies from year to
year. Flow in the drains is higher during the irrigation season and lower during the winter
season (Anderholm, 2002; Frenzel et al., 1992).

Because water levels in the agricultural drains represent the water table, flow in the drains is
generally perennial; however, flow in the drains may become intermittent when the water table
in the shallow alluvial aquifer falls below the level of the drains (Figure 2-2). Declining
groundwater levels result from increased groundwater withdrawals. During periods of drought,
groundwater withdrawals increase to supplement surface water supplies. These increased

groundwater withdrawals result in lower water table elevations.

There are no perennial tributaries to the Rio Grande within the study area except for the
agricultural drains and wastewater effluent; however, even the agricultural drains may become
intermittent during periods of drought. Surface water flow from wastewater effluent is relatively
constant throughout the year. But due to the seasonal nature of streamflow in the Rio Grande,
the relative contribution of wastewater effluent to Rio Grande streamflow varies throughout the
year. More specifically, wastewater effluent is only a small portion of total streamflow in the Rio
Grande during the irrigation season. During the winter season, when there is little to no water

released from Caballo Dam, wastewater effluent is a significant portion of streamflow in the Rio
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Grande. Several ephemeral tributaries flow primarily in response to late summer and early fall
thunderstorms. These ephemeral tributaries can generate large but short-lived flood inflows,

which provide only a small proportion of the flows in the Rio Grande.

2.4 Hydrogeologic Setting

The hydrogeologic setting of the LRG is distinguished “by high heat flow, recently active
volcanoes, exceptionally deep [alluvial] basins and late Quaternary faulting” (Seager and
Morgan, 1979). Regional extension along the Rio Grande Rift began approximately 32 to

27 million years before present and is still active today (Chapin, 1979).

The major components of the study area are the Rincon and Mesilla Valleys (Figure 2-1), which
are located in the Palomas and Mesilla Basins, respectively, and include the active channel and
floodplain of the modern Rio Grande. Groundwater flow and water quality of the Rincon and
Mesilla Valleys are affected by groundwater flow and water quality of the Palomas and Mesilla
Basins, and by the basins and stratigraphic units adjacent to the Palomas and Mesilla Basins.
The following sections provide a brief discussion of the hydrogeologic setting of each of these

major features.
2.4.1 Rincon Valley and Palomas Basin

The Rincon Valley includes the active channel and floodplain of the Rio Grande; the 2-mile-wide
valley stretches from Caballo Dam downstream to Selden Canyon (Figure 2-1). Steep bluffs,
from 50 to 100 feet high, separate the Rincon Valley from the surrounding uplands of the
Palomas Basin (Anderholm, 2002).

The Palomas Basin extends from north of Elephant Butte Reservoir to the Sierra de las Uvas
Mountains near the Selden Canyon restriction (Figure 2-1). The Caballo Mountains and Red
Hills form the eastern boundary (Mack et al., 2000) and the foothills of the Mimbres Mountains
form the western boundary (Wilson et al., 1981). In the Caballo Mountains and Red Hills,
approximately 1.5 kilometers (km) of Paleozoic sedimentary rocks, primarily marine limestone

and dolostone, overlie Precambrian metamorphic and granitic rocks (Mack et al., 2000). The
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Precambrian and Paleozoic units generally have a low permeability, and are therefore
considered barriers to groundwater flow (Wilson et al., 1981). The Black Range of the Mimbres
Mountains is composed of Tertiary volcanic rocks (Mack et al., 2000). The basin-fill deposits of
Palomas Basin are part of the Santa Fe Group, and were derived from the surrounding upland
areas. The composition and hydrologic characteristics of the Santa Fe Group are described in
more detail in Section 2.5.

2.4.2 Mesilla Valley and Mesilla Basin

The Mesilla Valley includes the active channel and floodplain of the Rio Grande. It is
approximately 5 miles wide and extends more than 50 miles from the bedrock constriction at
Selden Canyon to the El Paso Narrows, Texas (Frenzel et al., 1992). The Mesilla Valley is as
much as 400 feet lower than the surrounding uplands of Mesilla Basin due to the incision of the
Rio Grande (Frenzel et al., 1992).

The Mesilla Basin (also known as the Mesilla Bolson) is the southernmost basin of the Rio
Grande Rift. Mesilla Basin extends from southern New Mexico to northern Mexico (Figure 2-1).
It is bounded on the north by Robledo Mountain and the Dofia Ana Mountains, and on the east
by Goat Mountain, the Tortugas Mountains, Bishop Cap Mountain, the southern Organ
Mountains, and the Franklin Mountains. The basin is bounded on the southeast by Sierra de
Cristo Rey and Sierra de Juarez and on the west by the East and West Potrillo Mountains, the
Aden Hills, and the Sleeping Lady Hills. There are many exposures of Tertiary and Quaternary
igneous rocks in the Mesilla Basin, including intrusives and volcanics in the Robledo, Dofia Ana
Mountains, and Organ uplifts (Witcher et al., 2004; Wilson et al., 1981). Paleozoic and early
Cretaceous marine carbonate and siliciclastic rocks are exposed in the Tortugas, Bishop Cap,
Franklin, Juarez, East Potrillo, and Robledo uplifts (Witcher et al., 2004). Gypsite beds are
commonly found in the upper Pennsylvanian rocks of the Franklin Mountains and Bishop Cap
(Witcher et al., 2004). Cretaceous and early Tertiary sedimentary and intermediate-intrusive
rocks are exposed at the southeastern terminus of the basin, near the El Paso Narrows (Witcher
et al.,, 2004). An extensive Quaternary basalt field (more than 300 square miles) is centered

around the West Potrillo Mountains, on the West Mesa of Mesilla Basin. Rhyolite was found in
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several test holes in that area (Wilson et al.,, 1981). Like the Palomas Basin, the basin-fill

deposits of the Mesilla Basin are of the Santa Fe Group (Section 2.4).

A bedrock high, which is also referred to as a buried horst and the Dofla Ana-Tortugas uplift
(Witcher et al., 2004), separates the Jornada del Muerto Basin from the Mesilla Basin. This
fault-bounded horst is located between Goat Mountain and Tortuga Mountain and is composed
of Tertiary volcanic and volcaniclastic rocks (Woodward and Myers, 1997). Previously, this
bedrock high was thought to act as a groundwater barrier, preventing flow from the Jornada del
Muerto into the Mesilla Basin; however, more recent studies have shown that some flow from
the Jornada del Muerto does reach the Mesilla Basin (Frenzel et al., 1992; Witcher et al., 2004).

The Las Cruces East Mesa Geothermal System is associated with the buried horst that
separates the Jornada del Muerto from the Mesilla Basin. This geothermal system is located in
the Las Cruces area, generally east of and parallel to Interstate 25 (I-25); it extends from
U.S. Highway 70, south to Vado and Anthony (Witcher and Cunniff, 2002). The largest area of
heat and mass geothermal discharges is centered around Tortugas Mountain (Witcher et al.,
2004). Data collected from deep boreholes in the Tortugas Mountain area indicate that the
base reservoir temperature of this segment of the geothermal system ranges from 63.4 to
68.0°C and that the chloride concentration ranges from 482 to 578 mg/L (Witcher et al., 2004;
Gross, 1988). New Mexico State University (NMSU) uses geothermal wells that are part of this
system to provide heat to many of its facilities as part of the NMSU Campus Geothermal Project
(Witcher and Cunniff, 2002).

2.4.3 Jornada del Muerto Basin

The Jornada del Muerto Basin lies east of the Mesilla Basin, but is relevant to this study
because a small amount of groundwater is known to move from the southern Jornada del
Muerto Basin westward into the Mesilla Basin (Frenzel et al., 1992). The Jornada del Muerto
Basin is adjacent to the Mesilla Basin and extends north approximately 100 miles. It is
separated from the Rio Grande Valley by the Caballo and Dofia Ana Mountains (Wilson et al.,
1981). The Jornada del Muerto Basin lies east of the Rio Grande and west of the San Andres

and Organ Mountains (Figure 2-1). The Organ Mountains are composed of Precambrian and
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Tertiary igneous rocks. The San Andres Mountains are composed of Lower Tertiary, Mesozoic,

Paleozoic, and Precambrian igneous rocks (Wilson et al., 1981).

2.5 Aquifers in the Study Area

There are four major aquifer systems within the study area:

¢ Rio Grande floodplain alluvium (shallow alluvial aquifer) of Rincon and Mesilla Valleys
o Basin-fill aquifer (primarily Santa Fe Group) of the Palomas Basin
o Basin-fill aquifer (primarily Santa Fe Group) of the Mesilla Basin

e Basin-fill aquifer (primarily Santa Fe Group) of the Jornada del Muerto Basin

2.5.1 Rio Grande Floodplain Alluvium

The Quaternary-age Rio Grande floodplain alluvium forms the shallow, unconfined, alluvial
aquifers of the Rincon and Mesilla Valleys. Thickness of the floodplain alluvium ranges from
less than 50 feet to approximately 125 feet, but is generally less than 80 feet (Wilson et al.,
1981). A 20- to 40-foot-thick layer of well-rounded siliceous gravel comprises the youngest
layer of floodplain alluvium. The upper layer of floodplain alluvium is composed of sand and
clay (Wilson et al.,, 1981). In the Rincon Valley, the shallow alluvial aquifer is the most

productive water-bearing unit (King et al., 1971).

During the irrigation season in a year of ample surface water supply, the shallow alluvial
aquifers of Rincon and Mesilla Valleys are typically “full”. In other words, the water table is
higher (Figure 2-2) and a larger volume of water is stored in the shallow alluvial aquifer during
the irrigation season than during the winter season. Water is diverted from the Rio Grande at
Percha, Leasburg, and Mesilla Diversion Dams (Figure 2-3) and applied to agricultural fields.
Some of this water is lost to the atmosphere through evapotranspiration, some water is
“consumed” by crops, and some water infiltrates into the shallow alluvial aquifers. Infiltrating
water provides recharge to the shallow alluvial aquifer and results in a rise in the water table.
When the water table rises, groundwater flows toward the point of lowest potential (or head),

which, in Rincon and Mesilla Valleys, is generally an agricultural drain. Thus, the agricultural
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drains are a “sink” for groundwater in the shallow alluvial aquifers and define the water table
elevation except during drought periods, when groundwater pumping has lowered the water

table below the elevation of the drains (Figure 2-2).

During the winter season, the shallow alluvial aquifers of Rincon and Mesilla Valleys are not
“full”. In other words, the water table is lower (Figure 2-2) and a lower volume of water is stored
in the shallow alluvial aquifer during the winter season (relative to the irrigation season) because
there is less recharge from applied irrigation water.

During the irrigation and winter seasons, the shallow alluvial aquifers of Rincon and Mesilla
Valleys are generally in a steady state, where inflow to the system equals outflow from the
system. However, during the transition between the irrigation and winter seasons, the aquifers
are not in steady state. During the transition from the irrigation season to the winter season,
water in the shallow alluvial aquifer slowly drains to the Rio Grande, water levels fall, and the
volume of water in storage decreases. During the transition from the winter season to the
irrigation season, water applied to the fields infiltrates into the shallow alluvial aquifer, water

levels rise, and the volume of water in storage increases.

2.5.2 Basin-Fill Aquifers

The basin-fill deposits in the Palomas, Mesilla, and Jornada del Muerto Basins are part of the
Quaternary- to Tertiary-age Santa Fe Group, which is primarily composed of basin-fill deposits
with some basalt flows (Witcher et al., 2004). The basin-fill deposits, which pre-date the present
through-flowing Rio Grande, can be further subdivided into the following broad categories:

alluvial fan, clay, or fluvial facies (Wilson et al., 1981).

In the vicinity of the Rincon Valley, the Santa Fe Group unit is fine-grained and greater than
2,000 feet thick (King et al., 1971). The main Santa Fe Group formation in this area is the
Rincon Valley Formation, which is composed of red clay of lacustrine origin with some gypsum
beds and thin sand layers (Wilson et al., 1981).
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In the Mesilla Basin, the thickness of the Santa Fe Group generally ranges from 1,500 to
2,500 feet (460 to 760 meters), but can be as much as 3,000 feet (TWDB and NMWRRI, 1997,
Witcher et al., 2004). The Santa Fe Group deposits form the primary water source for the City

of Las Cruces.

2.6 Groundwater/Surface Water Interaction

The Rio Grande is hydraulically connected to the shallow alluvial aquifers of Rincon and Mesilla
Valleys, which are hydraulically connected to the basin-fill aquifers of Palomas and Mesilla
Basins (Figure 2-4). Also, previous studies have confirmed minor groundwater flow from the
Jornada del Muerto Basin into the Mesilla Basin (Section 2.4). Knowledge of the interactions
between these components of the LRG groundwater/surface water system is essential to a
complete understanding of the LRG hydrogeologic system. Bexfield and Anderholm (1997)

state:

An essential concept to a full understanding of ground-water quality in the study area is that the
flood plain of the Rio Grande is a major point of discharge for both deeper regional and shallower

local flow system through evaporation and transpiration.

This fundamental concept is supported by many previous investigators (Feth, 1964; Mifflin,
1968; Eakin et al., 1976; Wilson et al., 1981; Hibbs et al., 1998). In the floodplain of the Rio
Grande, groundwater discharge may occur by discharge directly to the Rio Grande
(groundwater inflow to the river), seeps and springs, evapotranspiration, and open-water
evaporation. Outside of the Rio Grande floodplain, groundwater discharge may also occur
through interbasin flow to adjacent aquifers, from seeps and springs, and through groundwater

withdrawals.

Depending on the hydrologic conditions of the Rio Grande and the shallow alluvial aquifer, the
river may be classified as a gaining or a losing reach. For a gaining reach, streamflow
increases in the downstream direction; increases in streamflow could be due to inflow from an
ephemeral stream, wastewater effluent, an agricultural drain, or groundwater seepage directly

into the river. For a losing reach, streamflow decreases in the downstream direction; decreases
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in streamflow could be due to direct diversions (for example, at Percha, Leasburg, or Mesilla

Diversion Dams), open-water evaporation, riparian transpiration, or groundwater seepage.

The Rio Grande is generally a gaining stream (due to groundwater inflow) throughout the
Rincon Valley; however, some parts of this reach may become losing reaches during certain
hydrogeologic conditions (Anderholm, 2002; Wilson et al., 1981). Groundwater inflow to the Rio
Grande along the 24-mile reach between Caballo Dam and Hatch, New Mexico, has been
measured by previous investigators. Anderholm (2002) reported groundwater inflow at a
relatively constant rate of 1.5 cfs per mile. This rate was based on streamflow measurements
during January 1994, when no water was being released from Caballo Reservoir. Wilson et al.
(1981) reported the following rates of groundwater inflow for the same reach: 0.58 cfs per mile

in February 1974 and 1.2 cfs per mile in January 1975.

In the southern part of Rincon Valley, between Hatch and the Rincon Drain outfall, the Rio
Grande may gain or lose small amounts of streamflow to the shallow alluvial aquifer.
Anderholm (2002) reported groundwater inflow at a rate of 0.3 cfs per mile in January 1994.
Wilson et al. (1981) reported a slight gain in 1974 and a slight loss in 1975.

In the northern part of the Mesilla Valley, roughly between Selden Canyon and Las Cruces, the
Rio Grande is a gaining stream. Based on seepage tests during 1974 and 1975, Wilson et al.

(1981) reported slight gains along this reach.

In the southern part of Mesilla Valley, generally between Las Cruces and the El Paso Narrows,
the Rio Grande alternates between a gaining and a losing stream. Nickerson (1995) reported
two gaining reaches in the southern Mesilla Valley during 1988 and 1992. Wilson et al. (1981)
reported losses in streamflow (that is, seepage losses) along this reach during 1974 and 1975.
The reported rate of loss varied from 1.98 to 4.8 cfs per mile; the largest seepage rates were
measured between Las Cruces and Mesilla Diversion Dam.

In a recent seepage investigation, Nickerson (2005) identified five gaining reaches between

Leasburg Dam and El Paso. Measured increases in streamflow were attributed to seepage (as

opposed to drain, wastewater inflow, or tributary inflow) at three of those reaches where
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streamflow increased by 0.06, 0.47, and 1.5 cfs per mile. Several losing reaches were identified

during the same investigation.
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3. Previous Investigations

Water quality in the LRG has been extensively studied. Salinity increases have historically been
attributed to various mechanisms, including (1) evaporation and concentration during reservoir
storage, irrigation, and subsequent reuse, (2) displacement of shallow saline groundwater
during irrigation, (3) wastewater effluent, (4) erosion of natural deposits, and/or (5) inflow of

deep saline and geothermal groundwater.

While some previous investigations assume that salinization in the LRG is due to agricultural
activities, the bulk of evidence strongly suggests that salinization in the LRG is due to upwelling
of geothermal waters and "vertical leakage from deep-seated regional groundwater flow
systems" (Witcher et al., 2004; Moore and Anderholm, 2002; Anderholm, 2002; Mills, 2003;
Phillips et al., 2003; Frenzel et al., 1992; Hogan et al., 2007; Moore et al., 2008). An exhaustive
review of previous investigations is beyond the scope of this report. Excellent discussions of
previous investigations are available in Mills (2003) and Boyle Parsons (2000).

Most previous investigations focused on increases in salinity, as indicated by increases in
chloride or TDS concentrations of surface water in the Rio Grande and agricultural drains,
and/or the salt balance of the system. Many of these studies focused solely on surface water
quality in the LRG hydrogeologic system and neglected to consider other, perhaps less obvious,
factors that affect water quality in the LRG hydrogeologic system. As discussed in Section 2,
water quality of the Rincon and Mesilla Valleys is affected by groundwater flow and water quality
of the Palomas and Mesilla Basins, and by the basins and stratigraphic units adjacent to the
Palomas and Mesilla Basins. In other words, all components of the LRG hydrogeologic system
must be considered "to fully appreciate the saline sources and relative strength of salinity
additions" (Witcher et al., 2004).

One method of evaluating the effects of natural sources on salinization in the LRG is to compare
historical data with recent data. By comparing data collected prior to widespread agricultural
use or the presence of WWTPs with recent data, the effects of "non-agricultural” or natural
sources can be evaluated. The earliest available data for the LRG (Figure 3-1) were published
by Stabler (1911) for the period January 1905 through May 1907. Data were collected at Rio
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Grande at San Marcial and at Rio Grande at El Paso (Figure 2-1) prior to the construction of
Elephant Butte Reservoir, Caballo Reservoir, and the network of agricultural drains in the LRG.
The seasonal nature of streamflow in the Rio Grande and the inverse relationship between
chloride and streamflow are apparent in these data (Figure 3-1). Mills (2003) used these data to
calculate monthly mean chloride loads to be 110,000 kilograms per day (kg/d) at San Marcial
and 145,000 kg/d at El Paso. Therefore, salinization in the LRG occurred before the reservoirs,
agricultural drains, or wastewater discharge were present, and are therefore likely attributable

primarily to natural salinity sources discharging to the Rio Grande.

More recently, comprehensive water quality investigations have been applied to the study of
hydrogeologic systems in the LRG. These investigations tend to consider the complete
hydrogeologic system (as opposed to only a portion of that system, such as the Rio Grande
floodplain), and many employ geochemical methods to identify the various sources of water for
a particular hydrogeologic system. Most of these studies, described below, have found that
salinization in the LRG is primarily caused by natural sources, including deep saline and

geothermal groundwater.

Frenzel et al. (1992) identified several natural sources of salinity in the LRG, including
groundwater upwelling along fault lines in the vicinity of East Potrillo Mountain and inflow of
geothermal water along the entire eastern side of Mesilla Basin. By evaluating mixing ratios of
various elements, Frenzel et al. (1992) determined that there are at least two distinct

geothermal sources (or end members), each with a unique chemical composition.

Moore and Anderholm (2002) evaluated variations in streamflow, TDS concentrations, and TDS
loads to gain understanding about the quality of unmeasured inflows along the Rio Grande
Basin upstream from El Paso, Texas. They concluded that agricultural processes and
wastewater effluent may contribute to increases in TDS concentrations in the LRG, but that
regional groundwater discharge is responsible for salinization, as indicated by increases in TDS

loads.

Mills (2003) and Phillips et al. (2003) used environmental tracers to identify various sources of

salinity in the Rio Grande Basin upstream from Fort Quitman, Texas; they also evaluated mass
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balance models to further investigate the processes of salt input to the Rio Grande. They
concluded that "a significant percentage of Rio Grande salinization is due to inflow of deep
sedimentary brines" (Mills, 2003) and that salt input from deep sedimentary brines is structurally

controlled, occurring at the distal end of sedimentary basins.

Witcher et al. (2004) published the most recent study, which was a geologic and geochemical
investigation of groundwater and a review of temporal changes in surface water loads from San
Marcial, New Mexico to Fort Quitman, Texas. Witcher et al. (2004) evaluated isotopic
signatures and major ion compositions, with special attention to the "fingerprinting processes,
mixing, and flow paths". They conclude that salinization in the LRG is controlled by "structurally
forced upwelling of brackish and saline water from deep hydrostratigraphic units and by upflow
of geothermal water from shallow bedrock structures and bedrock boundaries" (Witcher et al.,
2004; Hogan et al., 2007).
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4. Evaluation of Historical Data

A major goal of this study was to compile and evaluate existing streamflow and water quality
data. In order to develop a working database for analysis of LRG surface water quality, it was
necessary to prioritize data sources, sampling locations as identified by site identification (ID),
and water quality parameter codes. This prioritization allowed efforts to be focused on

evaluating the most relevant data by:

e Eliminating data that overlap or are reported multiple times

e Acknowledging uncertainties inherent in comparing data with similar but not identical

source codes, site IDs, and/or parameter codes

The ISC compiled the database from numerous sources, including the U.S. Geological Survey
(USGS), U.S. EPA STORET, reports from Boyle Parsons (2000) for the Texas-New Mexico
Water Commission, and a thesis by Williams (2001).

Discussions between the ISC and DBS&A focused on six key water quality parameters at nine
surface water locations (Appendix A). DBS&A made several recommendations regarding data
prioritization; conclusions and recommendations are provided in Appendix A. For analysis of
historical data, streamflow, chloride concentration, and TDS concentration data were retrieved
from the ISC Access database according to the priorities outlined in the prioritization report
(DBS&A, 2004) (Appendix A).

This section examines historical streamflow and chloride concentration data at the following
streamflow gaging stations: Rio Grande at San Marcial (RG-SM), Rio Grande below Elephant
Butte Dam (RG-EB), Rio Grande below Caballo Dam (RG-Cab), Rio Grande below Leasburg
Dam (RG-Leasb), and Rio Grande at El Paso (RG-EP) (Figure 2-3). Streamflow at Rio Grande
at San Marcial is divided into two channels: the Low Flow Conveyance Channel and the Rio
Grande Floodway. Streamflow measurements are made at each channel and, for the purposes
of this discussion, are summed to represent total flow past San Marcial. These five stations
were selected because of the large amount of historical data available at each station. In some

cases, sampling locations were co-located with streamflow gaging stations; however, this was
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not always the case. Streamflow gaging stations, corresponding site IDs, and station locations

are shown in Table 4-1.

In some cases, the sample location and gage location are slightly different. It is important to
keep the gage location in mind when interpreting streamflow data, particularly in areas of the
LRG where water is moving downstream not only in the main stem of the Rio Grande but also in

drains and canals (e.g., Moore et al., 2008).

One example of different sample and gage locations is RG-blwSC; while this sampling location
is just upstream from the Leasburg Diversion Dam, the EBID-operated streamflow gage
(RG-Leasb) is located downstream from the dam. Streamflow at the RG-blwSC sample location
may be calculated by adding streamflow measured at RG-Leasb to streamflow diverted for

irrigation purposes (i.e., first check on Leasburg Main Canal plus Arguelles Lateral).

As discussed in Section 1.2, chloride concentration was chosen as the main water quality
parameter for this discussion. Historical TDS concentrations, though not discussed in this
report, also provide useful information regarding the water quality of the LRG. TDS
concentrations generally mimic chloride concentrations. Figures showing TDS concentrations

and loads are provided in Appendix B.

4.1 Methods of Analysis

Many of the historical data discussed in this report are presented in the form of box plots (or box
and whisker diagrams). Box plots visually summarize important information about the
distribution of a dataset (Helsel and Hirsch, 1992). The median, or the center of the data, is
represented by the horizontal line within the box. The lower and upper edges of the box
represent the first and third quartiles, respectively (or the 25th and 75th percentiles); the box
portion therefore represents the interquartile range, or middle 50 percent of the data. The
skewness of the dataset is represented by the relative size of the box halves. The lines (or
whiskers) extend outward to represent the lowest and highest values of the dataset, excluding
outliers. Outliers are defined as values that are more than 1.5 times the interquartile range

outside the quatrtile.
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Table 4-1. Streamflow Gaging Station Locations

Corresponding

Sampling
Location Description Site ID Location ID
Rio Grande Floodway at San Marcial plus Rio Grande Conveyance Channel at San Marcial * RG-SM NA
Rio Grande below Elephant Butte Dam RG-EB RG-EB
Rio Grande below Caballo Dam RG-Cab RG-Cab
Rio Grande below Selden Canyon (just below Leasburg Diversion Dam) RG-Leasb RG-blwSC
Rio Grande at El Paso (at Corchesne Bridge) RG-EP RG-EP

2 For discussion purposes, streamflow at RG-SM has been combined with Low Flow Conveyance Channel flow to represent total streamflow at San Marcial,

New Mexico.
NA = Not applicable

w
ey
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Annual loads were calculated for four stations in the LRG, including RG-EB, RG-Cab,
RG-Leasb, and RG-EP (Table 4-1). Annual loads were calculated as the sum of monthly loads,
which were calculated as the product of mean monthly chloride (or TDS) concentration and
mean monthly streamflow. Mean monthly chloride and TDS concentrations used to calculate
loads were measured in composite samples collected between 1929 and 1963. Samples were
collected on a daily basis, and the monthly composite samples were analyzed for chloride and
TDS. Mean monthly streamflow was determined from daily mean streamflow data.

Chloride and TDS loads were only calculated for the period 1929 to 1963 due to data
availability. After 1963, monthly composite samples were no longer collected in the LRG; the

available data are not sufficient to calculate average monthly concentrations.

4.2 Streamflow

Streamflow in the LRG is highly regulated, primarily to meet the irrigation demands of the Rio
Grande Project and to meet the international delivery requirements (Section 2.1). Daily mean
streamflow data for two years (1942 and 1980) are presented to provide insight into streamflow
variations of the LRG within a given year (Figures 4-1 and 4-2). These two years represent
extreme high-flow conditions and a typical full-release year, respectively. Annual mean
streamflow data for the available period of record were also examined (Figure 4-3).

Streamflow is highly variable at the upstream end of the study area, where daily mean
streamflow at Rio Grande at San Marcial (RG-SM) can vary within a given year from less than
10 cfs to over 17,000 cfs (Figure 4-1). Prior to the completion of Cochiti Reservoir in 1975,
streamflow on the Rio Grande above Elephant Butte Reservoir was almost entirely unregulated.
Although some small reservoirs were in operation in the headwaters of the Rio Grande Basin,
streamflow was unregulated throughout most of the basin. Streamflow generally peaked in late
spring or early summer due to snowmelt runoff from the mountainous headwaters of the Rio
Grande. Streamflow was lowest during the late fall and winter months (October through

February), when baseflow was the dominant surface water supply.
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Another factor contributing to the large variability in streamflow at RG-SM (Figures 4-1 and 4-2)
is inflow from ephemeral tributaries. The Rio Puerco and Rio Salado, two of the largest
ephemeral streams in the Rio Grande Basin, enter the Rio Grande just upstream from RG-SM.
During the late summer/early fall rainy season, these ephemeral streams can contribute large

amounts water in relatively short amounts of time (i.e., hours to days).

Streamflow below Elephant Butte Reservoir is entirely regulated by releases from Elephant
Butte Dam. Water is released from Elephant Butte Dam throughout the year for power
generation and during the growing season for irrigation needs in New Mexico, Texas, and
Mexico (Figures 4-1 and 4-2).

Streamflow below Caballo Reservoir is almost entirely regulated by releases from Caballo Dam.
Water is released from Caballo Dam primarily to supply surface water for irrigation in the Rio
Grande Project and to meet international delivery requirements prescribed by the 1906
Convention between the United States and Mexico for the Equitable Distribution of the Waters
of the Rio Grande. Historically, the irrigation season begins when water is released from
Caballo Dam (Figures 4-1 and 4-2) and typically extends from March through October; however,
the actual period of release is affected by the available supply (i.e., in drought years with less
than a full irrigation supply, the period of release is shortened and can also be subdivided into
separate “block” releases). During the irrigation season, streamflow generally decreases in the
downstream direction between RG-Cab and RG-EP (Figures 4-1 and 4-2) because outflows
(irrigation diversions, evapotranspiration by riparian vegetation, evaporation from open-water
surfaces, and losses to the groundwater system) are greater than inflows (tributary inflow, return

flows from agricultural areas, inflow from the groundwater system, and wastewater effluent).

Historically, the non-irrigation (or winter) season extends from October through February; during
this period, there are generally no releases from Caballo Reservoir (Figures 4-1 and 4-2). The
Rio Grande below Caballo Reservoir is essentially shut off or disconnected from any upstream
surface water supply during the winter months. Consequently, streamflow during this season in
the Rio Grande below Caballo Reservoir is derived from groundwater inflow (including seepage
from Caballo Reservoir and return flows from agricultural areas), wastewater effluent, or

tributary inflow from ephemeral streams. During the winter months, streamflow generally
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increases in the downstream direction between RG-Cab and RG-EP because inflows are

greater than outflows.

Annual mean streamflow in the LRG can vary substantially from year to year (Figure 4-3). As
with daily mean streamflow, the largest variations in annual mean streamflow are at the
upstream end of the study area (RG-SM). Annual mean streamflow at RG-SM varies from
almost 0O cfs to close to 4,000 cfs (Figure 4-3). Annual mean streamflow generally decreases in
the downstream direction (Figure 4-3) because outflows are greater than inflows.

4.3 Chloride Concentrations

Chloride concentrations vary seasonally at a given location due to a variety of factors, including
variations in the magnitude and sources of streamflow. In the LRG, streamflow is inversely
related to chloride concentration (Moore and Anderholm, 2002); that is, chloride concentrations
are high when streamflow is low, and chloride concentrations are low when streamflow is high.
During the winter months (November through February), water is not usually released from
Caballo Reservoir, and water in the Rio Grande is composed almost entirely of groundwater
inflow, return flows from agricultural drains, and wastewater effluent. During the irrigation
season (March through October), chloride concentrations are diluted by streamflow released
from Caballo Reservoir. Most streamflow released from Caballo Reservoir is derived from
snowmelt runoff, which originates in the headwaters of the Rio Grande watershed (Moore and
Anderholm, 2002). Because snowmelt has a low chloride concentration (and generally low TDS
concentration) relative to other sources (groundwater, geothermal water, return flows, or

wastewater effluent), releases from Caballo Reservoir result in lower chloride concentrations.

At RG-Cab, RG-Leasb, and RG-EP, median chloride concentrations are larger and exhibit
greater variation (that is, larger interquartile range) during the winter season, when no water is
being released from Caballo Reservoir (Figure 4-4). During the irrigation season, groundwater
inflow, return flows, and wastewater effluent are diluted by irrigation releases from Caballo
Reservoir. High streamflow during the irrigation season results in lower median chloride
concentrations and less variation (smaller interquartile range) in chloride concentration at
RG-Cab, RG-Leash, and RG-EP (Figure 4-4).
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At RG-EB, the median chloride concentrations are similar for the irrigation and winter seasons
(Figure 4-4). The lack of seasonal variation at this site can be attributed to reservoir effects,

which tend to damp out seasonal variations in streamflow and chloride concentration.

Chloride concentrations vary spatially throughout the LRG. Median chloride concentrations
increase in the downstream direction during both irrigation and winter seasons (Figure 4-4).
Previous investigators have attributed this downstream salinization to various factors, including
inflow from saline groundwater (e.g., sedimentary brine), inflow from wastewater effluent, return
flows from agricultural drains, and evapotranspiration (e.g., Wilcox, 1957; Hendrickx, 1998;
Moore and Anderholm, 2002; Mills, 2003). The various sources of salinization are discussed in

more detail in Sections 6 and 7.

Regardless of the season, chloride concentrations in the main stem of the Rio Grande generally
increase in the downstream direction (Figures 4-5 and 4-6). However, the largest increases in
chloride concentration occur during the winter season, when no water is being released from

Caballo Reservoir (Figure 4-6).

Chloride concentration at RG-EP has generally decreased with time (Figures 4-7 and 4-8), as
indicated by lower median chloride concentrations in the 1980s, 1990s, and 2000s. The largest
median chloride concentration (232 mg/L) occurred in the 1950s, during which time the entire

Rio Grande Basin experienced an extended period of below-normal precipitation.

4.4 Chloride Mass Balance Assessment Using Historical Data

Chloride loads were calculated using historical chloride data in order to perform a simple mass
balance assessment. A constituent load is defined as the mass of that particular constituent
transported past a given point in a given period of time (i.e., a mass flux). Loads are calculated

as the product of concentration and discharge; in this report, loads are reported in kilograms per

year (kg/yr).
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Annual chloride loads were calculated as the sum of monthly chloride loads for a given year.
Monthly chloride loads were calculated as the product of the average monthly chloride

concentration and the average monthly streamflow.

4.4.1 Assumptions and Limitations

Annual chloride loads presented in this report are only estimates of the actual annual chloride
(or TDS) load. The accuracy of these estimates depends on a variety of factors, including the
accuracy of streamflow measurements and the variability of chloride (or TDS) concentrations

throughout any particular month.

For a conservative constituent such as chloride (or TDS), the load is not affected by
evapotranspiration. During the process of evapotranspiration, water is removed from the
system, resulting in increased chloride concentrations. However, the increase in concentration
is offset by the decrease in the volume of water, and the load, or total amount of salt, remains
the same. Increases in the salt load are caused by addition of salt through inflow of saline
water. Decreases in the salt load are caused by removal of salt, where salt is removed by
diversion (removal) of saline water; in this case, salts can remain behind in soil or in an aquifer.
If there is a reservoir in a particular reach, changes in salt load can be caused by changes in

reservoir storage volume.

4.4.2 Implications of Annual Loads

Annual chloride loads in the LRG are shown on Figure 4-9. Annual chloride loads increase
between RG-EB and RG-Cab, most likely due to inflow of saline groundwater rather than
changes in reservoir storage (because there is little change in streamflow between these two
stations). Annual chloride loads decrease between RG-Cab and RG-Leasb, primarily due to
decreases in streamflow (Figure 4-3) that result from irrigation diversions at Leasburg Dam.

Chloride loads generally increase between RG-Leasb and RG-EP (Figure 4-9) despite

decreases in streamflow (Figure 4-3). The increasing chloride load cannot be caused by

evapotranspiration (as explained in Section 1.2); this increase in chloride load and coincident
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decrease in streamflow therefore suggest the presence of an inflow with an elevated chloride

concentration (relative to that at RG-Leasb).

From 1954 to 1957, the chloride load decreased between RG-EB and RG-EP (Figure 4-9).
These data suggest that the chloride source, which generally contributes to the increase in
chloride load, was cut off from the river during that period. USBR records indicate that drain
flow in the Mesilla Valley portion of the LRG was close to zero from 1954 to 1956 due to
regional drought conditions (Frenzel et al., 1992). These data suggest that (1) drains are a
conduit of a saline source of inflow that formerly (prior to 1954 and after 1957) caused the
increase in salt load, and (2) agricultural drains therefore cease to flush salts from the aquifer, at
which time the aquifer begins accumulating salts, thus acting as a salt sink. The concept of
drains acting as a source of saline inflow is supported by previous investigators (Mills, 2003),
who proposed that agricultural drains contribute to the salinization of the Rio Grande primarily
by intercepting deep sedimentary brines. If the drains were disconnected from the water table
(for example, due to increased groundwater pumping), then they would cease to intercept and

deliver the chloride source to the river, and chloride loads would decrease.
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5. Synoptic Sampling Events

It is well documented that seasonal variation exists in the LRG (Section 2.3); however, the
nature and magnitude of the seasonal variation is not well understood. For that reason, the ISC
contracted with DBS&A to conduct two synoptic water quality sampling events in the LRG: one
in August 2004 to characterize LRG water quality during the irrigation season, and one in

January 2005 to characterize LRG water quality during the winter months.

Water quality samples were collected from a variety of locations and sources, including the main
stem of the Rio Grande, groundwater wells, the Las Cruces WWTP, and agricultural drains
(Table 5-1). Samples were analyzed for a suite of constituents, including major ions, trace
metals, and stable and radioactive isotopes (Table 5-2). After evaluating the results from the
August 2004 sampling event, several new sampling locations were selected (for the January
2005 sampling event) to ensure that the study objectives, as outlined in this section, were met.
Table 5-1 describes sampling locations, provides site IDs for each location, and shows when
each location was sampled. All sampling locations are shown on Figure 2-3. A general
discussion of results is included in this section; more detailed discussion of results is presented

in Sections 6 and 7.
5.1 Objectives of Synoptic Sampling Events and Study Design

DBS&A conducted surface water and groundwater quality sampling in the LRG during two

synoptic sampling events:

e August 3 through 5, 2004
e January 24 through 27, 2005

The objectives of these synoptic sampling events were as follows:

e To test a wide range of geochemical constituents for suitability to fingerprint the end

member sources and processes that contribute to LRG salinization
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Table 5-1. Sampling Locations and Dates Sampled

Date(s) Sampled

Streamgage August January
Location Description Site ID ID Sample Type 2004 2005

Rio Grande at Nogal Canyon RG-Nog NA Surface water o .
Rio Grande below Elephant Butte Dam RG-EB RG-EB Surface water o .
Charles Geothermal well (total well depth is ~210 feet bgs) GW-Chrl NA Geothermal .
Rio Grande above Truth or Consequences WWTP RG-abvTC NA Surface water .
Rio Grande below Caballo Dam RG-Cab RG-Cab Surface water . .
Tonuco Drain above discharge to Rio Grande DR-Ton NA Drain o .
Rio Grande at the NMSU station RG-NMSU NA Surface water .
Rio Grande below Selden Canyon (just above Leasburg Diversion Dam) RG-blwSC RG-Leasb | Surface water .
Radium Springs geothermal well (total well depth is ~150 feet bgs) GW-RS NA Geothermal o

Las Cruces WWTP WW-LC NA Wastewater o .
Rio Grande below Las Cruces WWTP RG-LC NA Surface water .
East Drain above Anthony WWTP DR-ED1 NA Drain .
East Drain above discharge point to Rio Grande DR-ED2 NA Drain . .
LRG-ISC-3 well (sampled at ~1,250 feet bgs) GW-ISC3 NA Groundwater .

Rio Grande below East Drain RG-bwED NA Surface water .
LRG-ISC-5 well (sampled at ~280 feet bgs) GW-ISC5 NA Groundwater .
LRG-ISC-4a well (sampled at ~60 feet bgs) GW-ISC4a NA Groundwater .
LRG-ISC-4 well (sampled at ~145 feet bgs) GW-ISC4 NA Groundwater .
Montoya Drain above discharge to Rio Grande DR-Mont NA Drain .
Rio Grande at El Paso (at Corchesne Bridge) RG-EP RG-EP Surface water . .

NA = Not applicable
bgs = Below ground surface

WWTP = Wastewater treatment plant
NMSU = New Mexico State University
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Table 5-2. Geochemical Tracers

Constituent

Fingerprinting Application

Existing Data

Major cations and anions;
trace elements

General geochemical
characterization.

Significant amount of existing
data

Hydrogen (6D) and
Oxygen (5'%0)

Solvent specific, water source,
evaporation.

Significant amount of existing
data, including Mills (2003) and
Witcher (1995)

Boron (5''B)

Large isotopic range; expect different
values for sources such as
wastewater, agricultural, dairy, and
deep groundwater.

No available local data

Sulfur (8*'S)

Natural sulfate sources differ
depending on redox state and
geologic age if included in minerals.

Some data for groundwater
available in Witcher (1995)

Nitrogen (5"°N)

Distinguishes animal/human waste
sources from agricultural and
background.

Some data available in McQuillan
et al. (2004)

Strontium (¥’Sr/*°Sr) and
Uranium (Z*U/?8U)

Derived from weathering of local
geologic sources; should distinguish
deep and shallow groundwater.

Some data for groundwater
available from Witcher (1995)

Radium (*°Ra, **Ra)

Derived from fertilizer and represents
significant label for anthropogenic
sources.

No available local data
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o To sample at locations representing significant end members

e To sample the upstream and downstream ends of the study area to assess cumulative

effects of sources within the study area in terms of the geochemical tracers selected

e To improve understanding of the range of end member chemistry by sampling more

locations potentially representative of significant end members

e To better define the deep basin groundwater and geothermal end members in particular

e To capture the effects on the river of end member inputs that are not directly
measurable, as well as to obtain more location-specific information about end member

inputs by sampling more locations on the main stem Rio Grande

e To compare river chemistry between the winter season and the irrigation season

e To use geochemical tracers cost-efficiently while defining end members

Sites were selected in order to characterize the various water types in the LRG: surface water,
groundwater, geothermal groundwater, agricultural (or drain) water, and wastewater.
Identification of sample types was based on the current understanding of the LRG system; the
sample types include water from each component of the hydrologic system (Section 2).
Table 5-1 provides the sampling locations that were chosen to characterize each of the sample
types. The geochemical constituents that were chosen for analysis with these goals in mind
include (1) major cations, anions, and trace elements and (2) isotopes of hydrogen, oxygen,
boron, sulfur, nitrogen, strontium, uranium, and radium (Table 5-2). Also included in Table 5-2

is the anticipated fingerprinting application of each constituent.

It is important to note that not all sample types represent a unique source of salinity; in fact,
many of the samples represent a mixture of the various end members, or sources of salinity.
Analysis of geochemical data for all sample types, in the context of the conceptual model of the

system, allowed for individual end members to be identified (Sections 5, 6, and 7).
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5.2 Rio Grande Streamflow Conditions

Variations in streamflow affect variations in water quality. A general understanding of
streamflow in the LRG is therefore necessary to provide the context with which to understand
variations in water quality. Although streamflow data were not collected during either sampling
event, streamflow data for both sampling periods were available from various government

agencies.

Streamflow conditions during the August 2004 sampling event were typical of irrigation season
conditions of the LRG (Section 2.3). Daily mean streamflow was lowest (281 cfs) at the upper
end of the study area, above Elephant Butte Reservoir (RG-SM) (Figure 5-1). Daily mean
streamflow increased to 540 cfs at RG-EB and to 1,092 cfs at RG-Cab (Figure 5-1) due to
releases for the irrigation season. Between Caballo Reservoir and RG-EP, daily mean
streamflow decreased from 1,092 to 770 cfs (Figure 5-1) because outflows were greater than

inflows.

Streamflow conditions during the January 2005 sampling event were typical of winter conditions
in the LRG (Section 2.3). Daily mean streamflow decreased from approximately 650 cfs above
Elephant Butte Reservoir (RG-SM) to almost 0 cfs below Caballo Reservoir (RG-Cab)
(Figure 5-1). Below Caballo Reservoir, the Rio Grande gains streamflow due to groundwater
inflow, agricultural return flows, and wastewater effluent (Figure 5-1). However, despite inflows
from various sources, streamflow was not continuous between RG-Cab and RG-EP. During the
January 2005 sampling event, the river was dry in several locations, and therefore could not be

sampled. The river was observed to be dry at the following locations:

e Above the Las Cruces WWTP
e At Mesilla Diversion Dam

e Downstream from RG-bIwED
e At Borderland

e At Frontera Road
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The river is essentially "reset” at each location where the river goes dry and streamflow is not
continuous. Streamflow was observed in the Canutillo area; this streamflow was due to
groundwater discharge from two nearby City of EI Paso municipal wells that were being pumped
for well development. The discontinuous nature of streamflow during January 2005 (and
throughout much of the winter season) has important consequences for water quality

interpretation and mixing calculations.

5.3 Results of Synoptic Sampling Events

5.3.1 August 2004 Sampling Event

Water quality results of the August 2004 sampling event are provided in Appendix C. River
water in the LRG was generally low in chloride and TDS (Figures 5-2 through 5-7), and
exhibited little variation in major ion concentrations (Figures 5-3 through 5-7) between Rio
Grande at Nogal Canyon (RG-Nog) and RG-EP and almost no variation between Rio Grande
below Caballo Dam (RG-Cab) and RG-EP. The small amount of variation in major ion
concentrations indicates that the Rio Grande is largely unaffected by inflow from various
sources due to the relatively high streamflow present in the Rio Grande (Figure 5-1), which
easily dilutes small contributions of concentrated inflow. The largest variation in major ion
concentrations along the Rio Grande was upstream of RG-Cab, between RG-Nog and RG-EB,
where sulfate concentration decreased from 190 to 140 mg/L (Figure 5-6). Possible causes of
this decrease in sulfate concentration include reservoir effects from Elephant Butte Reservoir

and inflow of geothermal groundwater.

During the August 2004 sampling event, the drains (DR-Ton and DR-ED2), wastewater
(WW-LC), geothermal water (GW-RS), and groundwater (GW-ISC3) were more saline than Rio
Grande water (Figures 5-2 through 5-7). The highest major ion concentrations were measured
in the geothermal water (GW-RS) (Figures 5-2 through 5-7).
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5.3.2 January 2005 Sampling Event

Water quality results from the January 2005 sampling event are provided in Appendix C. Rio
Grande water was generally dilute relative to other water types, and major ion concentrations
increased in the downstream direction (Figures 5-2 through 5-7). It is important to note that the
apparent changes in major ion concentrations (Figures 5-3 through 5-7) between RG-blwSC
and Rio Grande below Las Cruces WWTP (RG-LC) are the direct result of the intermittent
streamflow conditions in the Rio Grande during January 2005. Because the Rio Grande is
completely dry above the Las Cruces WWTP, water at RG-LC is entirely derived from
wastewater effluent. In other words, the river is essentially “reset” at this point below the Las
Cruces WWTP.

The slight increases in chloride concentration (61 to 86 mg/L) between RG-Nog and RG-EB
(Figure 5-3) can be attributed to reservoir effects, primarily evaporation. Increases in TDS,
sodium, and sulfate concentrations between RG-Nog and RG-EB are also due to reservoir
effects. The most substantial increases in major ion concentrations between RG-EB and
RG-EP can be attributed to inflow from various end members throughout the LRG, as discussed

in the following examples.

The large increase in chloride concentration between RG-EB and Rio Grande above Truth or
Consequences WWTP (RG-abvTC) (86 to 380 mg/L) is most likely the result of inflow from
geothermal groundwater with elevated chloride concentration (1,400 mg/L at GW-Chrl) relative
to that measured at RG-EB (Figure 5-3). Field observations support this assertion; water from
hot springs in the Truth or Consequences area discharges directly into the Rio Grande.
Variations in the chloride-bromide ratio throughout the Rio Grande support the conclusion that
inflow from geothermal groundwater occurs between RG-EB and RG-Cab (Figure 5-7). The
chloride-bromide ratio increases from 430 to 1,270 between RG-EB and RG-abvTC. The
extremely high chloride-bromide ratio of geothermal groundwater in the vicinity of Truth or
Consequences (1,400 at GW-Chrl) is strong evidence that inflow of geothermal groundwater is

the primary cause of increased chloride-bromide ratio in the Rio Grande.
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Chloride concentration increases by a factor of four over a distance of roughly 23 miles between
RG-bIwED and RG-EP (180 to 710 mg/L). This increase is likely due to inflow from deep saline
groundwater with elevated chloride concentrations (e.g., 1,800 to 18,000 mg/L in GW-ISC4,
GW-ISC4a, and GW-ISC5). TDS and sodium concentrations (Figures 5-4 and 5-5) are

consistent with chloride concentrations, and load data confirm these conclusions.

Sulfate concentration increases between RG-Cab and RG-blwSC (150 to 320 mg/L). This
increase can be attributed to inflow from the Tonuco Drain (DR-Ton) and from local geothermal
water (GW-RS), both of which have elevated sulfate concentrations relative to the river
(Figure 5-6). Geochemical modeling and analysis of loads (Section 7) indicate that elevated
sulfate concentrations in Tonuco Drain are a result of inflow from local geothermal water and/or

deep saline groundwater.

Below RG-LC, sulfate concentrations increase dramatically (140 to 960 mg/L) due to inflow from
East Drain (DR-ED2), Montoya Drain (DR-Mont), wastewater effluent, and deep saline
groundwater (e.g., as represented by GW-ISC4, GW-ISC4a, GW-ISC5) with elevated sulfate
concentrations (800 to 6,200 mg/L). Geochemical modeling and mass balance assessments
indicate that elevated sulfate concentrations in the drains are the result of inflow from deep

saline groundwater (Sections 7.1.2 and 7.1.3).

5.3.3 Seasonal Variations

The most striking seasonal variation in the water quality of the LRG is that observed in the Rio
Grande between irrigation season and the winter season (Figures 5-2 through 5-7). During
August 2004, downstream changes in the water quality of the Rio Grande between RG-EB and
RG-EP were minimal. During January 2005, however, downstream changes were substantial
(Figures 5-2 through 5-7). These observations confirm the conceptual model of the system and
are supported by the available literature (Sections 2 and 3). As previously discussed, these
observations can be explained by the dominant sources of water during the irrigation and winter
seasons. During the irrigation season, water quality of the Rio Grande is dominated by that of
water released from Caballo Reservoir; therefore, minimal downstream changes in water quality

of the Rio Grande were observed during August 2004. During the winter season, water quality

P:\_WR09-036\SalinityRpt-Fnl.6-10\LRG-Salnty-Fnl_630_TF.doc 61



Daniel B. Stephens & Associates, Inc.

of the Rio Grande is dominated by that of the various sources of water to the river, including
groundwater inflow, drain flow, and inflow from wastewater effluent; therefore, substantial

downstream changes in water quality of the Rio Grande were observed during January 2005.

Several locations in the LRG were sampled during both the August 2004 and January 2005
sampling events (Table 5-1). Data from these locations allow for direct comparison of water
quality during the irrigation and winter seasons.

Four surface water locations (RG-Nog, RG-EB, RG-Cab, and RG-EP) were sampled during
both seasons (Table 5-1). Above Elephant Butte Dam (at RG-Nog), major ion concentrations

were lower during August 2004 than during January 2005 (Figures 5-3 through 5-6).

Below Elephant Butte Dam (at RG-EB, RG-Cab, and RG-EP), higher major ion concentrations
in winter indicate that, as expected, water was more saline during January 2005 than during
August 2004 (Figures 5-2 through 5-6). Higher major ion concentrations during the winter
season can be attributed to the lower streamflow during that season (Figure 5-1). Without a
large and relatively dilute source of water being released from Caballo Reservoir, other end
members—including inflow from wastewater effluent, deep saline groundwater, and geothermal
groundwater—dominate streamflow in the LRG. While these other end members contribute
streamflow to the LRG throughout the year, the quantity contributed is small relative to that

released from Caballo Reservoir during the irrigation season.

During the irrigation season, large volumes of dilute water released from Caballo Reservoir mix
with small volumes of concentrated water contributed by the various end members. The result
is lower major ion concentrations throughout the LRG during the irrigation season, as indicated

by observed concentrations during August 2004 (Figures 5-2 through 5-6).

Two drains (DR-Ton and DR-ED2) were sampled during both seasons (Table 5-1). Major ion
concentrations in the East Drain (DR-ED2, downstream distance of 1,000 km) (Figures 5-2
through 5-6) were lower during January 2005 than August 2004. Lower major ion
concentrations during January 2005 may be due to dilution by effluent from Anthony WWTP.

The water quality of Tonuco Drain is less saline during August 2004 than January 2005, as
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indicated by the lower major ion concentrations at DR-Ton (downstream distance of 914 km)
(Figures 5-2 through 5-6). This difference may be due to higher streamflow in Tonuco Drain

during the irrigation season, when agricultural fields are being irrigated with diverted river water.

One WWTP (WW-LC) was sampled during both seasons. Water quality at WW-LC is relatively
constant throughout the year (Figures 5-2 through 5-6). The City of Las Cruces relies on
groundwater for municipal use. Because the quality of municipal water is relatively constant

throughout the year, there is little seasonal variation in salinity of wastewater inflow.
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6. Source Water Characterization

The major sources of streamflow and salinity in the LRG were sampled in August 2004 and
January 2005. Water quality data collected during these two sampling events allowed for a
detailed characterization of the various streamflow and salinity sources. However, the source
characterization provided in this report is necessarily limited (1) by the number of samples
collected for each source or end member, (2) by the locations sampled, and (3) to the time

frame during which the samples were collected (i.e., August 2004 and January 2005).

The various sample types include surface water, groundwater, geothermal groundwater, and
wastewater. Based on the conceptual model (Section 2), particular sample locations were
selected to represent the end member of each sample type. The various end member
signatures of the LRG, as well as the sample locations used to characterize each end member,
are described in detail in this section (Table 6-1). Geochemical data are provided in
Appendix D.

6.1 Rio Grande Water

The water quality of streamflow at the upper end of the study area is the baseline for the LRG,
while the water quality at the lower end of the study area represents various mixes of Rio
Grande water and inputs from the various end member sources. Two sampling locations were
used to characterize Rio Grande water as it enters the LRG: RG-EB and RG-Cab (Figure 2-3).
RG-EB is located immediately below the outlet to Elephant Butte Reservoir; RG-Cab is located

immediately below the outlet to Caballo Reservaoir.

Rio Grande water entering the LRG system is relatively dilute compared to other downstream
locations on the Rio Grande. Despite large seasonal variations in water quality of Rio Grande
water, which is due to inflow from other sources, a distinct end member signature is apparent.
Based on the August 2004 and January 2005 synoptic sampling events, Rio Grande water is
characterized by (Table 6-1):

e Low boron concentrations (less than 0.15 mg/L)
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Table 6-1. Lower Rio Grande End Member Signatures

Constituent
Total
Sample B 8B Cl SO, 8*'s §'°0 8N N Sr
End Member Location Site ID (mg/L) (%o) (mg/L) | CUBr | (mg/L) (%o) (%o) (%) | (mg/L) | (u