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Introduction

The Rio Grande watershed is a 
complex hydrologic system that 
includes numerous tributaries, inflow 
from transmountain diversions, 
irrigation diversions, agricultural return 
flows, reservoirs, and ground-water 
inflows and outflows. Many people 
depend on and are affected by the Rio 
Grande, which is the largest river of the 
surface-water system draining the Rio 
Grande watershed. To provide 
information to further the 
understanding of the Rio Grande 
surface-water system, the U.S. 
Geological Survey, in cooperation with 
the City of Albuquerque, evaluated 
streamflow data computed by the U.S. 
Geological Survey at 60 streamflow- 
gaging stations. This fact sheet 
examines the sources of water to the Rio 
Grande and the "water balance" of the 
Rio Grande surface-water system 
upstream from San Marcial, New 
Mexico, by comparing the mean annual 
discharge (streamflow) at different 
stations.

Hydrologic Description of the 
Rio Grande Watershed

The study area includes the Rio 
Grande watershed in Colorado and New 
Mexico upstream from San Marcial, 
New Mexico, and covers approximately 
27,700 square miles (fig. 1). Altitudes 
in the watershed range from greater than 
14,000 feet along the northernmost 
boundary of the watershed in Colorado 
to approximately 4,455 feet at San 
Marcial, New Mexico. Average annual 
precipitation varies from greater than 
50 inches per year along the 
northwestern mountainous areas to less 
than 6 inches per year south of 
Albuquerque, New Mexico (Ellis and 
others, 1993). In the mountainous areas, 
the majority of annual precipitation 
falls as snow during the winter months; 
at lower altitudes, the majority of 
annual precipitation falls as rain during 
late summer and early fall 
thunderstorms.

Potential evapotranspiration, which 
is approximated by open-water 
evaporation, varies from less than 35

inches per year in the mountainous 
areas to greater than 70 inches per year 
near San Marcial (Ellis and others, 
1993). Actual evapotranspiration (the 
total water removed from an area by 
transpiration from plants and 
evaporation from soil, snow, and water 
surfaces) is always less than potential 
evapotranspiration because it is limited 
by available moisture (Linsley and 
Franzini, 1972, p. 33).

The numerous tributaries in the Rio 
Grande watershed can be classified as 
either perennial or ephemeral. Perennial 
tributaries flow throughout the year, 
whereas ephemeral tributaries are dry 
most of the year and flow only in 
response to snowmelt or intense 
rainfall. The Rio Chama, which is the 
largest tributary to the Rio Grande, 
enters the Rio Grande upstream from 
the streamflow-gaging station Rio 
Grande at Otowi Bridge, near San 
Ildefonso, New Mexico (fig. 1, 
reference no. 39). Transmountain 
diversions (imported water from the 
Colorado River watershed on the west 
side of the Continental Divide is 
transferred to the Rio Grande watershed 
on the east side of the Continental

Divide) affect both the Rio Grande and 
the Rio Chama.

Effluent discharge from wastewater- 
treatment plants provides inflow to the 
Rio Grande surface-water system. The 
Albuquerque wastewater-treatment 
plant is the largest in the watershed; 
daily mean discharge from that plant to 
the Rio Grande ranged from about 75 to 
100 cubic feet per second (ft /s) from 
1985 to 1998 (U.S. Army Corps of 
Engineers, 2002).

Reservoirs in the Rio Grande 
watershed (fig. 1) are generally 
operated for water storage, sediment 
removal, flood control, or some 
combination of these uses. Reservoirs 
can alter discharge because the 
impounded water can be "lost" by 
evaporation or by infiltration (seepage) 
to the surrounding ground-water 
system. In addition, changes in 
reservoir storage can affect mean 
annual discharge; however, using a 
longer period of record to calculate 
mean annual discharge generally 
minimizes the effects of changes in 
reservoir storage.

Rio Grande below Goose Creek, Colorado.
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Figure 1. Mean annual discharge at selected streamflow-gaging stations in the Rio Grande watershed upstream from San Marcial, 
New Mexico. Station names sho n in table 1.
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Surface-water use is defined as the 
volume of surface water diverted or 
withdrawn from a river channel or 
source (Wilson and Lucero, 1997, p. 71- 
74). After this water has been used, it 
may be returned to the river channel (for 
example, by return flows from 
agricultural areas) or it may leave the 
surface-water system (for example, by 
evapotranspiration from agricultural 
areas). Water not returned to the river 
channel is referred to as depletion and 
results in a decrease in discharge. As 
used herein, surface-water use does not 
include evapotranspiration by riparian 
vegetation or evaporation from open- 
water surfaces.

Water use is affected by many 
factors such as population, climate, and 
legal constraints. The Rio Grande 
Compact appropriates water use in the 
Rio Grande watershed. The States of 
Colorado, New Mexico, and Texas 
agreed upon the Compact for "the 
purpose of effecting an equitable 
apportionment of water in the Rio 
Grande" (Rio Grande Compact 
Commission, 2001, p. 18), and surface- 
water use in those States is restricted by 
Compact delivery obligations.

An acre-foot is the quantity of water 
required to cover 1 acre to a depth of 1 
foot and is equivalent to 43,560 cubic 
feet or 325,851 gallons.

Total surface-water use in 1990 in 
the Rio Grande watershed upstream 
from San Marcial was approximately 
1,570,000 acre-feet (equivalent to a

discharge of 2,163 ft /s for 1 year) 
(Richey and Ellis, 1993). The largest 
use of surface water was irrigation (99

percent); other categories of surface- 
water use include public supply, 
commercial, domestic, industrial, 
mining, thermoelectric, and livestock.

To evaluate water use in different 
parts of the watershed and to examine 
possible causes of variations in 
discharge throughout the watershed, the 
watershed was divided into five reaches 
that were based primarily on locations 
of gaging stations (fig. 1). Surface- 
water use in the five reaches is shown in 
figure 2 as a percentage of total surface- 
water use in 1990 (1,570,000 acre-feet). 
Reach 2 had the largest amount of 
surface-water use. Reaches 1 and 4 had 
relatively little surface-water use. 
Water use in the different reaches varies 
because of allocations that are based on 
the Rio Grande Compact and locations 
of irrigable land.

Sources of Water to the Rio 
Grande

Mean annual discharge (the 
arithmetic mean of the annual mean 
discharge for every year in a given 
period) for 60 gaging stations 
throughout the Rio Grande watershed 
upstream from San Marcial is shown in 
figure 1. To eliminate the comparison of 
data from periods of varying climatic 
conditions, water years 1975-98 were 
chosen as a common period of record 
(water year is the 12-month period 
October 1 through September 30 
designated by the calendar year in 
which it ends). Twelve gaging stations 
did not have data available for the entire 
period of record; these exceptions are 
noted in table 1. Mean annual discharge 
at these gaging stations may represent 
different climatic conditions than those 
in 1975-98. Each mean annual

Total surface-water use was 1,570,000 acre-feet per year (Richey and Ellis, 1993).
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Figure 2. Surface-water use, by reach, as a percentage of total surface-water use
in the Rio Grande watershed upstream from San Marcial, New Mexico, 
1990. Reach boundaries shown in figure 1.

discharge has some error associated 
with it. No attempt has been made to 
quantify the error associated with the 
mean annual discharge for each gaging 
station.

At some locations in the watershed, 
particularly in agricultural areas, water 
moves downstream in the Rio Grande 
and in other channels adjacent to the 
Rio Grande such as agricultural canals 
or drains. At New Mexico gaging 
stations Rio Chama near Chamita 
(reference no. 36), Rio Grande at San 
Felipe (reference no. 45), and Rio 
Grande at Albuquerque (reference no. 
48), discharge is computed only in the 
Rio Grande; therefore, discharge 
moving downstream through the 
surface-water system is greater than 
that computed in the Rio Grande. At 
New Mexico gaging stations Rio 
Grande below Cochiti Dam (reference 
no. 43), Rio Grande Floodway near 
Bernardo (reference no. 50), Rio 
Grande Floodway at San Acacia 
(reference no. 58), and Rio Grande 
Floodway at San Marcial (reference no. 
60), discharge is computed in the Rio 
Grande and in other major channels 
adjacent to the Rio Grande; at these 
locations, the discharge computed in 
each channel was summed to represent 
the total discharge moving downstream 
through the surface-water system (fig. 
1, table 1).

Gaging stations closest to the 
mouths of tributaries were chosen; for 
some tributaries, however, the only 
available data were for a station located 
some distance upstream from the mouth 
of the tributary (fig. 1). At such stations, 
the discharge computed at the gaging 
station is not necessarily equal to the 
discharge that enters the Rio Grande (or 
other receiving river). If inflow enters 
the tributary between the gaging station 
and its confluence with the Rio Grande, 
then discharge computed at the gaging 
station will be smaller than the actual 
volume entering the Rio Grande; this is 
most likely to occur in the uppermost 
parts of the watershed (for example, at 
reference nos. 2 and 3). If diversions or 
seepage losses remove water between 
the gaging station and its confluence 
with the Rio Grande, then discharge 
computed at the gaging station will be 
larger than the actual volume entering 
the Rio Grande; this is most likely to 
occur in agricultural areas (for example, 
at reference nos. 9,10,12, and 20).

Most of the water in the Rio Grande 
surface-water system comes from 
tributary inflow that originates in the 
San Juan or Sangre de Cristo Mountains 
and enters the watershed upstream from 
Rio Grande at Otowi Bridge, near San 
Ildefonso, New Mexico (reference no. 
39) (fig. 1). Mean annual discharge at



the following gaging stations represents 
tributary inflow from the San Juan 
Mountains to the Rio Grande: Rio 
Grande at Thirtymile Bridge, near 
Creede, Colorado (reference no. 1; 
214 ftVs), Willow Creek at Creede,
Colorado (reference no. 3; 22 ft /s), 
Goose Creek at Wagon Wheel Gap,
Colorado (reference no. 5; 68 ft /s), 
South Fork Rio Grande at South Fork,
Colorado (reference no. 6; 226 ft /s), 
and Conejos River near Lasauses,
Colorado (reference no. 18; 193 ft /s). 
Mean annual discharge at the following 
gaging stations represents tributary 
inflow from the Sangre de Cristo 
Mountains to the Rio Grande: Red River 
below Fish Hatchery, near Questa, New
Mexico (reference no. 22; 85 ft /s), Rio 
Pueblo de Taos below Los Cordovas,
New Mexico (reference no. 24; 81 ft /s), 
and Embudo Creek at Dixon, New 
Mexico (reference no. 26; 99 ft /s).

Most water in the Rio Chama comes 
from the southern San Juan Mountains. 
The mean annual discharge at gaging 
station Rio Chama near Chamita, New
Mexico (reference no. 36; 649 ft /s), 
represents tributary inflow from the 
southern San Juan Mountains and 
includes transmountain diversions to 
the Rio Chama, which are measured at 
gaging station Azotea Tunnel at Outlet, 
near Chama, New Mexico (reference 
no. 29;132ft3/s).

Downstream from the confluence 
with the Rio Chama, very little water 
enters the Rio Grande (fig. 1). Mean 
annual discharge at gaging station 
Jemez River below Jemez Canyon Dam, 
New Mexico (reference no. 47; 77 ftVs), 
represents tributary inflow from the 
Jemez Mountains. Other tributary 
inflow is from small perennial streams 
that drain the southern Sangre de Cristo 
Mountains or ephemeral streams that 
drain the lower altitudes of the 
watershed.

Many factors in the Rio Grande 
watershed (see "Hydrologic 
Description of the Rio Grande 
Watershed") cause discharge to vary 
along the Rio Grande. Increases occur 
when inflows to the surface-water 
system exceed outflows from the 
system. Discharge decreases when 
outflows exceed inflows. Inflows to the 
surface-water system include tributary 
inflow, return flows from irrigated 
areas, inflow from the ground-water 
system, and effluent discharge from 
wastewater-treatment plants. Outflows 
from the surface-water system include 
irrigation diversions, 
evapotranspiration by riparian

vegetation, evaporation from open- 
water surfaces, and losses to the 
ground-water system. Increases and 
decreases in mean annual discharge may 
be estimated for any given reach (the 
area of the watershed between any two 
gaging stations) of the Rio Grande by 
comparing all measured inflow (which 
includes mean annual discharge at the 
upstream gaging station as well as that 
of any tributaries) with all measured 
outflow (the mean annual discharge at 
the downstream gaging station). In 
some cases, relatively small increases 
or decreases may be due to the error 
associated with the computed mean 
annual discharge at particular gaging 
stations.

As shown in figure I, most increases 
in discharge along the Rio Grande are 
caused by tributary inflow. In some 
cases, increases in mean annual 
discharge in the Rio Grande or Rio 
Chama cannot be fully accounted for by 
the tributary inflow shown in figure 1. 
This could be due to inflow from 
ungaged tributaries (tributaries where 
streamflow is not measured) or to 
ground-water inflow. For example, 
between gaging stations Rio Grande at 
Thirtymile Bridge, near Creede, 
Colorado (reference no. 1), and Rio 
Grande at Wagon Wheel Gap, Colorado 
(reference no. 4), approximately 320
ft /s can be attributed to ungaged 
tributaries and ground-water inflow. 
The reach between gaging station Rio 
Grande near Lobatos, Colorado 
(reference no. 19), and the mouth of Red
River receives approximately 90 ft /s of 
ground-water inflow annually 
(Winograd, 1959).

Discharge decreases by
approximately 640 ft /s in the reach 
between the Colorado gaging stations 
Rio Grande near Del Norte (reference 
no. 7) and Rio Grande at Alamosa 
(reference no. 8) and by approximately 
170 ft /s in the reach between San 
Acacia, New Mexico (reference nos. 56, 
57, and 58), and San Marcial, New 
Mexico (reference nos. 59 and 60) (fig. 
1, table 1).

Discharge appears to decrease by
approximately 207 ft /s in the reach 
between gaging stations Rio Grande at 
San Felipe, New Mexico (reference no. 
45), and Rio Grande at Albuquerque, 
New Mexico (reference no. 48). Actual 
decreases in mean annual discharge 
cannot be determined for this reach, 
however, because of the presence of 
ungaged streamflow in channels 
adjacent to the river.

Tributaries draining the

mountainous regions in the northern 
part of the watershed are the largest 
sources of water to the Rio Grande. 
Irrigation, the largest category of 
surface-water use in the Rio Grande 
watershed, generally results in 
decreases in mean annual discharge 
throughout the surface-water system. 
Mean annual discharge in the Rio 
Grande generally decreases 
downstream from the confluence with 
the Rio Chama.
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