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ABSTRACT

An interdisciplinary approach to the solutlon of the water resource
problems of the Middle Rio Grande Region in New Mexico was centered around
a socio—-economic model, developed to represent the New Mexico economy,
with special emphasis placed upon the Rio Grande region. Inputs into the
soclo-economic model were obtained from separate studies covering the hydro-
logical, agricultural, municipal, and industrial areas.

Three sets of alternatives were considered: 1) growth without a water
constraint; 2) growth, with a surface-water comstraint; 3) growth, with
both surface~ and ground-water constraints.

Without a water constraint, in the Rio Grande region, both production
and depletions are expected to exhibit the largest increase (59.7 percent
and 47.4 percent, respectively). When a surface-water constraint is imposed,
the value of production is reduced by $18.1 million in 2020 and water deple~
tions are expected to decrease about 18.1 percent by 2020. When a total water
constraint is imposed, the value of production is decreased $4.1 million
below that expected when using only a surface-water constraint, and water
depletions are reduced about 8,4 percent.

The Middle Rio Grande Region is expected to follow the general trend of
the total Rio Grande region but at a higher growth rate. The expected in-
crease in total value of production from 1970 to 2020 is 62.0 percent, em-
ployment 62 percent, and water depletions about 61 percent.

When a surface-water constraint is imposed, production is expected to
be reduced $3.2 million in 2020, employment by 154 employees, and water
depletions by 51,633 acre-feet. When an additional constraint is imposed on
ground water in the MRGR, production would be decreased $2.0 million in 2020,
employment by an additional 99 employees, and water depletions by 38,390

acre~feet.

KEYWORDS: *New Mexico, *Rio Grande Basin, *Water resources, *Socio-economic
model, Interdisciplinary, Ground water appropriation, Water law, Compacts,
Treaties, Litigation, Adjudication of water rights, Water quality, Water
utilization, Population, Employment, Industrial, Recreation, Water manage-
ment, Input-output coefficients, Linear programming model, Surface-ground-
water conjunctive-use model, Fconomic land classification, Irrigation
diversions and depletions.
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AN ANALYTICAL INTERDISCIPLINARY EVALUATION OF THE UTILIZATION
OF THE WATER RESOURCES OF THE RIQO GRANDE IN NEW MEXICO:
MIDDLE RIO GRANDE REGION

Robert R. Lansford, Shaul Ben-David, Thomas G. Gebhard, Jr.,
Willem Brutsaert, and Bobby J. Creel%*

INTRODUCTION

This report represents an in-depth look at the water and related
resources in the Middle Rio Grande Region (MRGR) of New Mexico (Figure 1).
Other reports have been prepared for the Upper Rio Grande Region (WRRI
Report No. 021), the Socorro Region (WRRI Report No. 023), and the Lower
Rio Grande Region (WRRI Report No. 024), These reports are viewed as basic
data reports to supplement the overall report (WRRI Report No. 020, an
Analytical Interdisciplinary Evaluation of the Utilization of the Water
Resources of the Rio Grande in New Mexico, March 1973).

The Upper Rio Grande Region extends from the New Mexico-Colorado
state line to Otowi Bridge and includes the counties of Rio Arriba, Taos,
and Santa Fe; the Middle Rio Grande Region from Otowi Bridge to the
Socorro-Valencia county line includes the counties of Sandoval, Bernalillo,
and Valencia; the Socorro Regilon, which includes Socorro County; and the
Lower Rio Grande Region from the Socorro-Sierra county line to the New
Mexico~Texas state line, This differs from other previous divisions in
that the Middle Rio Grande Basin generally includes the designated Socorro
Region. A distinction was made primarily because the Socorro Region, even
though served by the Middle Rio Grande Conservancy District, is essentially
a separate area in relation to the type of agriculture, hydrology, geology,

and the influence of the Albuquerque metropolitan area.

* principal contributors to this interdisciplinary research effort:
Associate Professor, Agricultural Economics and Agricultural Business,
NMSU; Associate Professor, Economics, UNM; Associate Professor, Civil
Engineering, NMSU; Former Assistant Professor, Geoscience, NMIMT; and
Research Associate, Agricultural Economics and Agricultural Business,
NMSU, respectively.
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Figure 1. Rio Grande drainage basin in New Mexico, for this study.




GENERAL DESCRIPTION

The Middle Rio Grande Region includes all or portions of the following
counties in New Mexico: Sandoval, Bernalillo, Valencia, Torrance, and
McKinley (Figure 1). The Middle Rio Grande Region was divided, for portions
of this study, into a western subregion and an eastern subregion. The
western subregion encompasses the drainage basin of the Jemez River, Rio
Puerco, and Rio San Jose (Figure 2). The eastern subregion includes the
drainage area associated with the Rio Grande in the Middle Rio Grande Region.

The western subregion includes a large, sparsely populated area in
western Sandoval, eastern McKinley, and central Valencia counties. The
principal irrigated areas are along the Rio San Jose in central Valencia
County with scattered irrigated cropland on tributaries of the Rio San Jose,
the Rio Puerco near Cuba in northern Sandoval County, and the sparsely popu-
lated Jemez River area in Sandoval County. The principal population centers
are Grants in central Valencia County and Cuba in Sandoval County.

The eastern subregion includes the heavily populated area along the
Rio Grande in Sandoval, Bernalillo, and eastern Valencia counties. The
principal irrigated areas are along the Rio Grande in southern Sandoval,
Bernalillo, and Valencia counties. The major population center is Albu-
querque, with smaller population centers at Bernalillo, Los Lunas, and

Belen.

Topography and Climate

The topography of the Middle Rio Grande Region varies widely from
mountains to broad, relatively featureless plains. The eastern subregion is
bounded on the east by the Sandia and Manzano Mountains; on the west,
from north to south, by the Jemez Mountains which decrease to a sandy ridge
that separates the eastern from the western subregion; on the north by
White Rock Canyon, a narrow tortuous gorge; and on the south by
the Socorro Region. The western subregion is bounded on the west, from
north to south, by the Continental Divide, Zuni Mountains, and lava flows;

on the north by the Jemez Mountains; and on the south by the Socorro Region.
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The climate of the Middle Rio Grande Region is predominantly semi-arid
in the lower elevations and semi~humid in the mountainous regions. The
mean average temperatures range from 46 degrees Fahrenheit at Cuba to 54
degrees in the Albuquerque area, with a regional average of about 52 degrees
Fahrenheit (Table 1), Annual precipitation ranges from over 20 inches in
the mountains to about 8 inches at Los Lunas, with an average of about 11
inches. Precipitation averages about 8.5 inches in the eastern portion of
the MRGR. The average frost-free period is from May 13 to October 8, 150
days, but ranges from 113 days at Cuba to 160 days in the Bernalillo-Belen
area (Table 1).

Table 1, Eleven-year average of annual average temperature, total
precipitation, and frost-free period for Cuba, Jemez Springs,
Laguna, Bernalillo, and Los Lunas, New Mexico, 1960-1970.

Average Total Frost—-free Period
Year Temperature Precipitation Length Dates
(degrees F) (inches) (days)

Cuba 46.38 14,26 113 June 2 - Sept. 24
Jemez Springs 51.44 16.14 160 May 7 - Oct., 14
Laguna 52.9 8.96 155 May 12 - Oct. 10
Bernalillo 54.4 8.67 160 May 5 - Oct. 12
Los Lunas 54,38 7.60 160 May 6 ~ Oct. 10

Average 51.9 11.12 150 May 13 - Oct, 8

Source: United States Weather Bureau, Climatological Data, New Mexico
(Annual Summaries), Vols. 64~74, 1960-1970.

Drainage Area

The drainage area of the Rio Grande Basin from the headwaters to San
Bernardo, the southern limit of the Middle Region, is approximately 19,230
square miles, including 2,940 square miles of the San Luis closed basin in
Colorado. The only perennial stream is the Rio Grande river. Its flow
averages 776,100 acre-feet per year, and consists of spring snowmelt in

Colorado and northern New Mexico, and runoff from summer rainfall. All its



tributaries are ephemeral and flow only during torrential summer rains. The
Jemez is the largest tributary and flows southeastward into the Rio Grande
near Algodones,

The Rio Puerco in the western subregion does not affect the Rio Grande
river flow within the eastern subregion. The Puerco, with an average of
39,960 acre-feet per year, drains an area of approximately 7,350 square
miles; at least 1,130 square miles do not contribute directly to surface
runoff. The Puerco flows into the Rio Grande about 50 miles south of
Albuquerque near San Bernardo.

Many arroyos drain the east and west mesas along the Rio Grande river.
Those on the west side discharge directly into the river north of Arroyo de
la Barranca. The arroyos south of Arroyo de la Barranca, as well as the
ones on the east side, are mostly intercepted by canals or drains or simply

filtrate into alluvial fans (Bjorklund and Maxwell, 1961).

Hydrogeology

The MRGR is located within the Albuquerque basin which is the largest
of a series of basins that make up the Rio Grande depression. The Albu~
querque basin extends for 90 miles from La Bajada escarpment and the Jemez
uplift on the north to the San Acacia constriction on the south. The basin
is roughly 30 miles wide; it is bounded to the east by the Sandia-Manzano
uplift and to the west by the Puerco Platform, Lucero uplift, and Ladron
uplift (Kelley, 1952 ). The eastern uplifts (Sandias, Manzanos) are
generally higher than the western bounding structures which consist mainly
of the Puerco Platform. The Puerco Platform is low and considerably faulted.
Small volcanoes and fissure flows mark the boundaries at several localities.

The basin-~fill sediments are generally classed together as the Santa
Fe formation or Santa Fe group. The thickness of the underlying sedimentary
rocks is umknown, but Precambrian rocks may be 10,000 feet below sea level
in parts of the basin whereas they are about 9,000 feet above sea level in
the Sandia uplift and about sea level in the Puerco Platform (Joesting, et
al., 1961),

Based on estimated rock densities obtained from gravity anomaly maps

across the Rio Grande trough north of Albuquerque (Joesting, et al., 1961),



the total thickness of sedimentary rocks (Santa Fe group) in the trough is
about 15,000 feet., The total relief of the Precambrian basement along the
Sandia front is about 20,000 feet., These results are in general agreement
with the aeromopnetic profiles across the trough. Magnetic anomalies are
related to variations in both the magnetization and uplift of the Precam-
brian rocks.

The sediments of primary concern are the Santa Fe group alluvial fans
and valley alluvium. The Santa Fe group consists of beds of unconsolidated
to loosely consolidated sediments and interbedded volcanic rocks. The
deposits range from boulders to clay and from well-sorted stream channel
deposits to poorly sorted slopewash deposits (Reeder, et al., 1967). The
permeability of the Santa Fe group is generally high: properly constructed
wells easily yield several hundred gallons per minute.

Alluvial fans cover the Santa Fe deposits and extend westward from the
base of the Sandia and Manzano Mountains. They are usually above the water
table, so they are not aquifers; however, in places they consist of well-
sorted stream gravel and permit the infiltration and downward percolation of
the flood flows.

Valley alluvium of Recent age overlies the Santa Fe group inm the Rio
Grande flood plain. It is approximately 80 to 120 feet thick, but in general
is hard to differentiate from the underlying Santa Fe group. Most of the
irrigation wells along the Rio Grande are developed within this alluvium and
yield up to 3000 gpm,

The Santa Fe group combined with the valley alluvium make up the aquifer
system of the eastern MRGR. This aquifer is unconfined and is hydrologically
connected with the Rio Grande river. Locally, "artesian' pressures have been
observed (Reeder, et al,, 1967). These artesian pressures are to be under-
stood as strong upward movement of ground water from deeper layers in the
central portion of the basin due to natural recharge in the higher areas
along the Valley. The eastern boundary of the aquifer is spectacularly
defined by the Sandia and Manzano uplifts. The less spectacular upfaulted
blocks near the Rio Puerco form the western boundary. The lower boundary of
the reservoir is not so clearly defined: saturated thickness may be as much

as 12,000 to 16,000 feet.



WATER MANAGEMENT

Management of water and related lands involves several federal and
state agencies, municipal and county governments, irrigation districts, con-
servancy districts, and innumerable private entities. The New Mexico stat-
utes provide for irrigation districts which are formed in cooperation with
the United States. Once a conservancy or irrigation district is formed it
is a legally stable institution with broad powers to perform the purposes
for which it was organized., The districts are able to borrow money, tax

lands for the indebtedness, and charge for the water they deliver.

Surface Water

Since the early 1900's, surface-water irrigation in the Rio Grande
basin in New Mexico has been under the jurisdiction of irrigation districts,
conservancy districts, and community ditch systems. The principal organized
districts in the MRGR are as follows: Middle Rio Grande Conservancy Dis-
trict, formed in 1925 and serving 81,610 acres; and the Bluewater-Toltec
Irrigation District, formed in 1923 and serving 5,500 acres.

In addition to the above, there are numerous community and private
ditch systems on the tributaries of the Rio Grande. The acreages served by
these individual ditch systems vary in size from a few acres to over 200
acres,

Most of the surface-water irrigated cropland in the reach of the main
stem from Otowi Bridge to San Marcial, excluding tributaries, comprises the
Middle Rio Grande Conservancy District. This District is divided into four
divisions: Cochiti, Albuquerque, Belen, and Socorro. The District also
furnishes surface water to the Indian Pueblos of Cochiti, Santo Domingo, San
Felipe, Santa Ana, Sandia, and Isleta, and has contracted with the Bureau of
Reclamation to maintain and operate the system which consists of 180 miles
of main canals, 587 miles of laterals, and 399 miles of open and concrete
pipe drains.

The Bluewater-Toltec Irrigation District in western Valencia County is

the only irrigation district in the tributary units of the MRGR. Most of



the irrigation water of the district has been leased to uranium companies.
The remaining surface-water-supplied land receives water from community

ditches.

Ground Water

The management of the ground-water resources in the Rio Grande drainage
basin is primarily a private entity function. However, the New Mexico State
Engineer can control the use of ground water in an area by defining and
declaring a ground-water basin. Nearly all of the irrigated cropland in the
MRGR is in a declared ground-water basin with only isoclated tributary units
outside of these basins (Figure 1). Therefore, the development of ground

water is under the jurisdiction of the New Mexico State Engineer.

RESOURCES

Population
Table 2 presents a summary of the population of the MRGR from 1950 to

1970, utilizing data from the Bureau of the Census. Presently, the MRGR
represents more than a third of the state's total population, with over
eighty-three percent of this amount urban in make-up. The population
increased substantially from 1950-1960, but during the sixties the increase
became modest in comparison. Between 1950-1960, the urban population grew
much faster than the rural, but during the sixties a balanced growth
occurred in both the urban and rural make-up.

Bernalillo County experienced a tremendous growth from 1940 to 1960.
However, from 1960 to 1970 it increased only 20 percent over the previous
periods of over 100 percent growth (1940-1950) and 80 percent growth (1950-
1960). The percentage of urban population continues to increase each enumer-
ation year.

Sandoval County has shown some growth during the past two decades,
primarily from the spill-over effects of the growth of Albuquerque and
Bernalillo County. Because of the method used by the Bureau of the Census
to classify types of population, Sandoval County recorded only a small urban

population in 1960, and none in 1970. Even though the 17,942 people are



Table 2. Urban and rural population* for the Middle Rio Grande Region,
New Mexico, 1950~1970

Percent Change

Year and Percent Percent from
County Urban Urban Rural Rural Total Previous Census
1970
Bernalillo 297,451 94,2 18,323 5.8 315,774 20.4
Sandoval 0 17,492 100.0 17,492 23.2
Valencia 13,591 33.5 26,948 66.5 40,539 3.7
MRGR 311,042 83.2 62,763 16.8 373,805 18.5
1960
Bernalillo 241,216 92.0 20,983 8.0 262,199 80.0
Sandoval 2,574 18.1 11,627 81.9 14,201 14,2
Valencia 17,963 46,0 21,122 54.0 39,085 73.9
MRGR 261,753 83.0 53,732 17.0 315,485 74.7
1950
Bernalillo 111,571 76.6 34,102 23.4 145,673 109.0
Sandoval 0 12,438 100.0 12,438 - 10.5
Valencia 4,495 20.0 17,986 80.0 22,481 11.0
MRGR 116,066 64.3 64,526 35.7 180,592 74.4
Percent Percent
Major Cities 1950 1960 Change 1970 Change
Albuquerque (B) 96,815 201,189 107.8 243,751 21.2
Bernalillo (B) 1,922 2,574 33.9 2,016 -21.7
Belen (V) 4,495 5,031 11.9 4,823 - 4.1
Grants (V) 2,251 10,274 356.4 8,768 -14.7
Milan (V) 0 2,658 2,185 -17.8

* County definition.
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classified as rural, a significant number of them live within incorporated
and unincorporated communities.,

Valencia County showed a very low growth during the 1960's in both
absolute and relative terms (3.7 percent). However, during the 1950's, the
growth was very close to that of its larger neighbor, Bernalillo County.
Even though only 33.5 percent of the population was urban according to the
1970 census classification, there are substantially more people living in
incorporated villages and suburbs of the larger cities. A number of resi-
dents live along the Rio Grande belt south of Albuquerque to Belen. Thus,
the reported rural percentage for Valencia County is deceptively high.

In the last decade there has been an appreciable slowing down in the
MRGR's growth rate, but with the upsurge in industry and real-estate interest

. within the last year or so, there exists now a tremendous potential for
growth along this portion of the Rio Grande Valley.

Table 3 summarizes the relationship between the MRGR and the entire

state,

Table 3. Middle Rio Grande Region's percentage of New Mexico's urban
and rural population, 1950-1970

Percent of Percent of Percent of
MRGR Urban Rural Total
1950 33.9 19.0 26.5
1960 41.7 16.5 33.1
1970 43,8 20.4 36.7

Industrial Development

A major portion of the industrial base of the State of New Mexico lies
within the MRGR, and is centered in Bernalillo County and Albuquerque.

Manufacturing has shown a substantial gain over recent years, and the
commercial and trade sectors have shown even more significant growth for the
MRGR. Increased tourism has accounted for some of the gains in these two

-sectors, for with this increase came a tremendous expansion in hotel and motel

11



construction. Land values and sales have increased greatly and, with the
continuing rise in population, will continue to show healthy signs of
growth, Several national companies have set up offices in all three coun-—
ties. In Bernalillo County, commercial and residential land comprise

the bulk of sales. In both Valencia and Sandoval counties, speculative
development has now surpassed the residential sales.

With the presence and growth of the government sector-~-federal (both
military and non-military), state, and local--in the eastern MRGR came the
Research and Development industries. During the past decade this sector was
one of the leading growth industries. This sector has declined with the
recent slow-down in the general economy, but as business conditions improve,
this industry will again demonstrate its growth capacity.

Several large manufacturing firms have recently moved into Bernalillo
and Sandoval counties. These include Levi-Strauss, Singer-Frieden, and
Lenkurt Industries. As these types of industries move into and expand in
the eastern MRGR, the commercial and trade sectors will follow suit.

Valencia County has shown some manufacturing activity recently with
several medium-sized firms locating within the County. Government continues
to be the largest overall business, and is expected to be so for some time.
The commercial and trade sectors will continue to develop along with the
increasing population. Mining has declined over the last decade, and its
future growth, of most concern to the central portion of Valencia County,
will depend upon the government's demand for uranium.

Sandoval County has experienced recent manufacturing growth in several
industrial park areas, due mainly to the economic growth of Bernalillo County
and the cost differentials inherent in Sandoval County.

In the past both the railroad and agriculture were the prime components
of Valencia County's economic base. Recently, both of these have begun to
decline somewhat in importance. Many of the large ranches have been sold
for sub~division and speculative purposes. Land sales (residential and
speculative) and recreational trade and services are becoming prime indus-

tries, and will continue as such in the future.
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Employment
Table 4 gives employment data for the counties of the MRGR for 1960

and 1970. As would be expected in a region with a large and growing urban
population, employment in most sectors of the non~agricultural area is
increasing steadily while agricultural employment is decreasing steadily.
The largest gains for the Region as a whole were made in government employ-
ment, trade, services, and manufacturing. Contract construction employment
decreased in Bernalillo and Valencia counties, but there was a dramatic
increase in Sandoval County due primarily to the development of Rio Ranchos
Estates, a large suburban development northwest of Albuquerque.

The only non-agricultural sector which showed a marked declimne in
employment is the mining sector. The major portion of this decrease is

borne by Valencia County, where mining was once the chief occupation.

Land

Within the Rio Grande region there are approximately 16.9 million acres
but only 1.7 percent, or 280,785 acres, are irrigated. The land ownership
of the Rio Grande drainage basin is reported in Table 5. Federal and state
ownership account for about 43 percent of the total land area in the Rio
Grande region (Table 5).

The MRGR accounts for approximately 6.18 million acres (about 26 percent
of the total land area within the Rio Grande region), of which 71,600 are
irrigated., Within the MRGR, federal ownership accounts for about 24 percent
of the total land area. Within the Region the acreage of forest land con-
trolled by the Forest Service accounts for about 13 percent of the total
land area; land administered by the Bureau of Land Management (BLM) accounts
for about 9 percent; defense less than 1 percent; and other federal ownership
about 3 percent, State ownership accounts for about 5 percent., Private
ownership accounts for about 42 percent. Indian ownership accounts for
about 26 percent. Inland water accounts for less than 1 percent of the

total land area.

Irrigated Cropland. The irrigated cropland is located in a somewhat

narrow strip along the rivers in the Middle Rio Grande Region (Figure 2).

"In the eastern subregion there are approximately 56,500 acres of irrigated
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cropland. In the western subregion there are about 15,000 acres of irri-
gated cropland, of which over 60 percent is along the Rlo San Jose in

central Valencia County. The acreages of the various crops produced are
reported by subregion in Table 6. In terms of acres, alfalfa was the most
important, accounting for 13 percent of the total irrigated cropland in the
western subregion and 44 percent in the eastern subregion. The next most
important crops were small grains and pastures. Nearly all of the crops in
the Middle Rio Grande Region were low income-generating crops with the excep-
tion of vegetables and orchards. However, in the western subregion nearly 60
percent of the irrigated cropland was idle or out-of-production (Table 6).

In the eastern subregion, idle and out-of-production accounted for about 18
percent of the irrigated cropland.

Soil Productivity. The soils in the valley floor of the eastern sub-

region consist primarily of stratified alluvial deposits of mixed origin.
There are two general sources from which most were derived. The recent allu-
vial soils of the river flood-plain were formed by material of mixed origin
brought down by the Rio Grande and its tributaries. The other soils owe
their origin to the weathering of material from the adjacent mesa and

plateau country, and are found upon the gently sloping alluvial fans that
extend from the mesas down into the Recent valley fill material.

The largest percentage of the agricultural lands in the eastern sub-
region are on the alluvial soils of the Rio Grande flood-plain. These
relatively young soils, located adjacent to the river, are generally fertile,
with varying amounts of organic matter, and are suited to irrigated agri-
culture., The principal soils are of the Gila and Anthony series, varying in
texture from sand to clay. The Gila clays are the most extensive and
account for over one-half of the soils in the wvalley. Soils of the Anthony
series account for a smaller portion and generally occupy the alluvial fans
adjacent to the river flood-plain. They are generally lighter in texture.
Most of the remaining soils are accounted for by the more desirable inter-
mediate textured, clay loams, sandy clay loams, loams, and fine sandy loams.
The soils of this series contain a fair amount of organic matter and are,

.in general, reasonably productive.
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The soils in the western subregion range from light alluvial soils of
the Prewitt and San Jose series in the Bluewater~Grants~Laguna area to the
heavier mountain soils in the Cuba and Jemez areas. 1In the Bluewater~Grants-
laguna area the soils are generally deep, young, and of alluvial origin.
They are calcareous and low to very low in organic matter. Most of these
alluvial soils are of mixed origin and have not been in place long enough to
have developed distinct profiles. The primary soils in this area are the
San Jose loams and Prewitt clay loams.

The soils in the Cuba, Jemez, and other tributary areas are generally
shallow soils of more recent alluvial origin. They are generally higher in
organic matter, but consist primarily of the coarser sands and gravels.

A base map was drawn showing the location of the irrigated cropland
" acreage. Soils with the same characteristics were designated on the map by
means of SCS soil survey symbols. A further designation was made according
to the SCS capability classification for each of the different soils. It was
considered desirable for purposes of this study to group the soils in such a
way as to reflect differences in productivity, managerial requirements, and
responsiveness to intensive cultural practices. After consulting with SCS
personnel and county agents, and interviewing farmers, the soils were
assigned to one of three groups depending on the degree of limitation of the
above characteristics. A productivity index was used to reflect 100-percent
expected yields of eight major crops produced on these different soils.
Group I soils were considered to be those with only slight, if any, limita-
tions; Group II, those with moderate limitations; and Group III, those with
severe limitations. Such a grouping was considered to reflect the long-run
economic potential of different soils in the MRG drainage basin. A detailed
description of the soils is given in Appendix A.

About 10 percent of the irrigated cropland in the eastern subregion is
Group I soil (Table 7). It occurs primarily in scattered tracks through the
Valley (Figure 3). These soils are primarily loams and clays of the Gila
series. They are level and deep and are considered to be highly productive.
They are moderate to slightly stratified, have moderate permeability, moder-
‘ate to good drainage, and good water~holding capacity. About 10 percent of

the soils in the western subregion are Group I soils (Table 7). They occur
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primarily in the Bluewater-Grants area. These soils are of the San Jose
series and are well~drained, calcareous, alluvial soils which occupy the
flood plains and low terraces. Some stratification exists, but they are
predominantly medium-textured.

The Group II soils account for the largest portion of the soils in the
eastern subregion (about 58 percent) and a much smaller portion in the
western subregion (about 30 percent) (Table 7). These soils are similar to
the soils in Group I, but are characterized by low permeability and are
affected by shallow water-tables and the accumulation of alkali. The soils
in Group II consist primarily of the heavier textured soils of the Gila,
Anthony, Pima, and Prewitt series and the lighter-~textured soils of the Gila
and Anthony series. 1In general, they do not respond as favorably to the use
- of improved management practices as the soils in Group I. Lower crop yields
and incomes can be expected on farms with a large percentage of these soils.,

Group III soils account for about 32 percent of the soils in the
eastern subregion and about 61 percent in the western subregion (Table 7 and
Figures 3 and 4). The primary limitations of these soils are the sandy tex-
tures, the extremely heavy textures, their shallow depths, and the existence
of heavy or impervious layers. Common problems also include moderate slope,
high water-tables, and accumulation of alkali. These soils are primarily of
the Gila, Anthony, Puerco, Pima, and San Mateo series. They occur primarily
along the river and the sides of the Valley in the eastern subregion, and in
the Laguna and Cuba areas of the western subregion. A large percentage of

the idle and out-of-production acreage is Group III soil.

Table 7. Acreage of irrigated cropland by soil productivity groups,
middle Rio Grande drainage basin, New Mexico, 1969

Soil Productivity Western Eastern
Group* Subregion Subregion Total
(acres) (percent) (acres) (percent) (acres) (percent)
Group I 1,484 9.8 5,686 10.0 7,170 10.0
Group I1 4,453 29.6 32,593 57.7 37,046 51.8
Group III 9,128 60.6 18,251 32.3 27,379 38.2
Total 15,065 100.0 56,530 100.0 71,595 100.0

# Soils included in each Group are described in Appendix A.
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Figure 3.

Soil productivity map, eastern Middle Rio Grande subregion.
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Figure 4.

Soil productivity map, western Middle Rio Grande subregion.
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HYDROLOGIC DATA
Nearly all of surface water of the Middle Rio Grande Region is supplied
by the runoff from the Upper Rio Grande Region. The MRGR is an area of

water consumption and not of water generation.

Surface Water

Most of the Region's water supply and use is along the main stem of the
Rio Grande (i.,e., the eastern subregion as shown in Figure 2 which includes
most of the Middle Rio Grande Conservancy District). The water supply of the
MRGCD comes primarily from the flow of the Rio Grande as measured at Otowi.
The western subregion includes the drainage areas of the Jemez River, and
the Rio Puerco and its tributary the Rio San Jose. Much of the water gener-—
ated by these tributaries is used with the tributary basin.

Tables 8 and 9 present the average monthly flows for the Rio Grande at
both Otowi and Bernardo. The historical flows of the Rio Grande are pre~
sented in Figures 5 and 6 for the Rio Grande at Otowi and the Rio Grande
near Bermardo, respectively. Tables 10 and 11 present the average monthly
flows for the Rio Puerco and Jemez River, measured at Bernardo and Berna-
1illo, respectively. There is no apparent drastic change of monthly aver-
ages in the flow of the Rio Grande as measured at Bernardo: this is in
contrast to the monthly averages reported for the other stations. Table 12
is a comparison of the monthly averages for the Rio Grande as measured at
Otowi and Bernardo. The consumption of water in this reach is appareat.
Surface-water availability within this Middle Rio Grande Region is reported

in Table 13.

Ground Water

The MRGR ground-water system is, to a large extent, affected by the
urban development of the city of Albuquerque. Ground-water use is expected
to increase rapidly and affect ground-water levels (Reeder, et al., 1967).

Due to differences in permeability, saturated thickness, and recharge or
discharge of ground water, the water table slopes irregularly at a low

gradient, diagonally down-valley (Reeder, et al., 1967). The water table
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Table 8. Average monthly flows for the Rio Grande at Otowi Bridge, New

Mexico
Average Monthly Flow Average Monthly Flow

for for

Period Average Monthly Flow March-October November-February
e e e e e acre~feet .

1916-1939 106,425 136,817 45,641
1940-1957 83,099 102,867 43,562
1958-1968 68,171 76,949 50,614
1916-1968 90,564 112,862 45,967
1940-1968 77,437 93,036 46,237

Table 9. Average monthly flows for the Rio Grande at Bernardo, New
Mexico, including Floodway, Conveyance Channel, Bernardo Interior
Drain, and San Juan Riverside Drain (La Joya Eastside Drain)

Average Monthly Flow Average Monthly Flow

Period Average Monthly Flow March-gziober Novemberfg;bruary
« « « . acre-feet .

1944-1957 54,044 59,531 43,070

1958-1968 54,710 56,432 51,267

1944-1968 54,337 58,167 46,677

Note: Records prior to 1944 are incomplete.

Table 10. Average monthly flows for the Rio Puerco at Bernardo, New

Mexico
Average Monthly Flow Average Monthly Flow

for for

Period Average Monthly Flow March-October November-February

+ « » « s+ 4« s e« « s s +» s acre-feet . . . . . . .,

1940-1957 3,817 5,573 305
- 1958-~1968 2,131 3,110 175
1940-1968 3,178 4,639 256
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Table 11. Average monthly flows for the Jemez River near Bernalillo,
New Mexico

Average Monthly Flow Average Monthly Flow

Period Average Monthly Flow March—éziober Novemberf;;bruary
. acre—feet .

1944-1947 2,537 3,200 1,210

1958-1968 3,330 4,280 1,430

1944~-1968 2,886 3,676 1,307

Table 12. Average monthly flows for the Rio Grande at Otowi Bridge and
for the Rio Grande at Bernardo, New Mexico, 1958-1968

Month Otowd Bernardo Gain Loss
« « + +» . acre-feet . . . . . . .

January 38,568 43,341 4,773

February 41,965 45,220 3,255
March 62,499 49,939 12,560
April 119,279 95,402 23,877
May 173,943 146,120 27,823
June 107,605 82,681 24,924
July 43,338 21,337 22,001
August 53,375 32,056 21,319
September 28,434 11,311 17,123
October 27,120 12,606 14,514
November 68,607 58,398 10,209

December 53,316 58,110 4,794
Total 818,049 656,521 12,822 174,350

Net consumption between Otowi and Bernardo is 161,528 acre-feet.

24



1461

9961
1

ﬂwmd

@mm_

1661
]

mwm~

Awmd

8961-9T61 ‘0OTXB) MBN
‘osuoiapi] UBS Jeau 2ZpIAg TMOIQ 1B SpURIH OTY 2Y3 I0J 3AIND MOTJ SSBR

4934
o£61

1£61
1

9

b
[

&1

‘¢ 2an81g

1261
I

ARY
=

1
ca-ost (013 T

00522
MO4

T
L3 20¢

H3b NI

wm
~
b LN
oM
om

T
00" 0&h
L

(s 0IX)

T
corses

i
00°008

25



o
u—
=
-
"
T
o
D—
o
™
}_..
L
=
% Q] OTOWI
TR
o N
(@} BERNARDO
@
= O
— S
)
Z -l
=
|
b
o t I I | j
194Uy 1949 1954 1359 1964 1969
TEAR
Figure 6. Mass flow curve for the Rio Grande at Otowi Bridge near San

Ildefonso, New Mexico and for the Rio Grande at Bernardo,
New Mexico, including Floodway, Conveyance Channel, Bernado
Interior Drain, and San Juan Riverside Drain (La Joya East-
side Drain) 1944-1968
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Table 13. Total surface-water available for the Middle Rio Grande Region,
New Mexico

March- November-
October February Yearly
e s+ ¢« « « s+ . acre~feet . . . . . .
Surface water outflow--main stem 451,452 205,069 656,521
Surface water outflow--~tributaries 59,120 6,416 65,536
Agricultural depletion 101,622 1,541 103,163
Total surface-water available 612,194 213,026 825,220

slopes from the bases of the Sandia and Manzano Mountains on the east and
from the Rio Puerco on the west toward a generally southward-trending zone
about eight miles west of the Rio Grande.

Precipitation, and seepage from the river and drainage and irrigation
canals are the main sources of recharge. Discharge is mainly due to pumpage;
evapotranspiration is of little significance except to the north and south
of the city of Albuquerque.

The Rio Grande river channel in most of its reach throughout the MRGR
is not entrenched into the Valley floor (Reeder, etal., 1967). There has
been some aggradation in some places which has raised the river channel
slightly above the Valley floor. Moreover, pumping of ground water and low
irrigation drains keep the water table substantially below the average river
level. As a consequence, the river loses water to the ground-water system
in most of the Albuquerque area. This trend of increasing induced recharge
from the river is expected to continue.

The conjunctive-use surface- ground-water model of the MRGR uses a
16 x 10 grid system (a total of 160 rodes). This covers an area of 20 miles
(transversal) by 64 miles (longitudinal) as shown in Figure 7.

Transmissivities range from 6000 gpd per foot in the alluvial fans
along the mountains to 600,000 gpd per foot near the Rio Grande river
(Reeder, et al., 1967). From estimated saturated thicknesses (Joesting, et
al.,1961), hydraulic conductivities were calculated and ranged from 11.7 to
112 ft/day. The estimated specific yield (storage coefficient) is 0.2 for
both sides of the river (Biorklund and Maxwell, 1961).
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Historical conditions from 1962 to 1968 were simulated to verify and
adjust model parameters. Major outputs (or inputs) are industrial and
municipal water demands for the Albuquerque area. Agricultural ground-
water usage, mainly to the north and to the south of the city, was
estimated from consumptive-use data and irrigated acreage patterns reported
in a later section of this report.

Ground-water velocities are characteristically slow in the Albuquerque
area, ranging from 0.2 to 0.3 ft/day. Aquifer response due to pumpage
should, therefore, be quite pronounced on a short-term basis. On the other
hand, ground-water withdrawal in the Albuquerque area will increase induced
recharge from the river and will also increase the gradient to the north,
thereby increasing flow into the area from the north.

Analysis of the Albuquerque ground-water basin behavior is based on
fifteen simulation runs (20 years each) with the computer model, Pumping
patterns, precipitation, and river stages were comwbined to represent varying
hydrologic conditions. The following surface- ground-water interrelationship
was obtained by stepwise multiple regression analysis of the Albuquerque

simulation data:
Ad = -113.1 - 28.4 EXP(d_/200) + 21.4 log (L + 3 x 10%)

where Ad = decline ( - ) or rise {( + ) of the water table in any year (feet),
dn = depth (feet) to the water table in antecedent year with respect to

river level considered as zero, and L = a lump factor in acre—feet per year.
The lump factor consists of the following: river inflow (+), river outflow
(), 5% of annual average precipitation (+), nonbeneficial evapotranspiration
losses (-), and the agricultural, municipal, and industrial water needs
supplied by the ground-water systems (-).

The application of the above relationship can be demonstrated in differ-
ent ways. Figure 8 assumes, for example, a present water-—table elevation at
river level and a normal projected growth for the Albuquerque area. Water
levels are expected to drop about 50 feet during the next 30 to 40 years, at
" which time virtual equilibrium conditions are reached: i.e., hydrology in

balance with Albuquerque water demands. The equation gives only average
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water levels (no spatial variation); however, it is easily understood that
the largest water~table drop is expected in the vicinity of the city of
Albuquerque, whichcould be on the order of 80 feet tapering off to the north
and south to about 30 feet, as well as to the east and west.

Figure 9 demonstrates the effects of a sudden doubling of the water
demand. Entering this graph from the ordinate with a particular value,
different values for Ad (+ or -) are obtained, depending upon the water-—
table elevation of a previous year (dn)'

It is interesting to note that the results of this study closely agree
with the predictive calculations for the year 2000 by Bjorklund, et al.,

in Reeder, et al. (1967), shown in Figure 10.

Water Quality

Surface water. The quality of the surface water of the Rio Grande

reflects the use of the water upstream. Table 14 illustrates the general
decline of the water quality along the Rio Grande in the MRGR during a
recent year. Below Otowi Bridge, all ionic constituents increase and flow
decreases. The consumption of water by agriculture tends to concentrate
constituents. In addition, deep percolation and return flows to drains tend
to compound the problem. Many of the drains are used for irrigation canals
further down-stream; this results in lower quality water than that of the
river., Electrical conductivity (FC x 106 @ 25°C) and Sodium Adsorption
Ratio (SAR) are used to define the salinity and sodium hazards, and are also
used in determining the economic classification of land.

Large concentrations of sediment in the Rio Grande constitute another
major water-quality problem. Table 15 presents total loads of suspended
sediment as measured at selected gaging stations during 1967. Substantial
loads are carried by the Rio Grande to be deposited in Elephant Butte Reser-
voir. Sediment management and control is a major problem throughout the
Middle Rio Grande Conservancy District. Heavy silt loads carried by the Rio
Grande below its confluence with the Rio Puerco at Bernardo have settled and
caused the river bed to become aggraded. Most of the sediment is produced

by the collapse of channel walls where tributaries flow through deep gorges

“in silty soil, and by the surface erosion of lands with sparse vegetation.
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Table 15. Total suspended sediment loads at selected gaging stations,
1967 Water Year

Station Suspended Sediment
(tons/year)

Rio Chama near Chamita

3 miles upstream from mouth 3,016,743
Rio Grande at Otowi Bridge 2,650,962
Galisteo Creek at Domingo

4 miles upstream from mouth 1,251,818
Rio Grande near Bernalillo 4,379,253
Rio Puerco mear Bernardo

3 miles upstream from mouth 12,257,979
Rio Grande Conveyance Channel at

San Marcial 10,502,515
Rio Grande Floodway at San Marcial 2,633,789
Rio Grande at El Paso, Texas 208,112%*

*Reported for Calendar Year 1967.

Ground water. Ground-water quality in the eastern subregion is suitable

for domestic, agricultural, and industrial purposes. Bjorklund et al. (1961)
report the results of the chemical analysis of 94 usable samples of ground
water collected in the Albuquerque area. Assuming that the dissolved solids
content is 2.7 times the specific conductance, 82 of the samples would be
classified as fresh water (less than 1000 ppm), 10 as slightly saline (1000
to 3000 ppm), 2 as moderately saline (> 10,000 ppm).

Ground water in the Santa Fe group, the largest and most productive
aquifer of the area, is of good quality in most places (Figure 11). Near
Albuquerque, the average total dissolved solids content seems to increase
slightly, possibly due to induced recharge from the overlying alluvium be~
cause of heavy pumping in the Santa Fe formation. Valley alluvium water is
usually more mineralized than water in the underlying Santa Fe 8roup because of
evapotranspiration, although this condition has improved greatly since 1930

- when the Middle Rio Grande Conservancy District began the construction of

drains.
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Locally, especially underneath the West Mesa, water may contain rela-
tively large amounts of dissolved minerals related to volcanic activity and
faulting, High silica content, for example, would indicate mixing of hydro-
thermal solutions with ground water, Ground water beneath the East Mesa is
usually fresh since it is in contact with sediments derived largely from the
hard rocks of Precambrian and Paleozoic Age of the Sandia and Manzano Moun-
tains.

It is believed that the Santa Fe group ground-water quality deteriorates
with depth. According to Kelly et al. (1970), fresh water extends to a depth of
3,500 feet in the Albuquerque basin. However, pumping the Rio Grande aquifer
over an extended period of time in a concentrated area around Albuquerque may
lead to impairment of water quality; in particular, it may affect the ground-
water quality of the Albuquerque area as well as the downstream ground-water
users due to upconing of the lower-quality water. Not only does this up-
coning have an effect on available water, but potential chemical reactions
due to water-mass mixing may lead to future changes in water quality and

aquifer characteristics.

WATER DIVERSIONS AND DEPLETIONS

Irrigation

Irrigation water for the MRGR comes from both surface and ground
sources. Most of the surface water is supplied through the facilities of
the Middle Rio Grande Conservancy District. Small quantities, however, are
diverted from tributaries in the western portion of the Region. Ground water
is used as a supplemental source in most cases, but is the primary source of
irrigation water for about 300 acres in the eastern subregion and about 2000
acres in the western subregion.

The eastern subregion was divided into an upper and lower section
because of the physical facilities for irrigation, availability of informa-
tion, and type of agriculture.

Surface-water gquantity. The quantity of surface water diverted to the

. project lands has varied widely from year to year, dependent upon the stream

"runoff in the higher elevations. In the Middle Rio Grande Conservancy
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District, surface water is diverted by three main structures: the Cochiti,
Angostura, and Isleta Diversion Dams. Cochiti Diversion Dam, at the head of
the project, diverts water to the Cochiti East Side Main Canal and the Sili
Main Canal. The Angostura Diversion Dam diverts water to the Albuquerque
Main Canal, Corrales Main Canal, Arenal Canal, and the Barr Canal. The
Isleta Diversion Dam diverts water to the Belen High Line Canal, Peralta
Main Canal, and the San Juan Canal.

A large portion of the water diverted by the Cochiti Diversion is
returned to the river by drains and wasteways before reaching the Angostura
Diversion. The Angostura and Isleta Diversions also divert water in excess
of needs, and a large portion is returned to the river before reaching the
San Acacia Diversion in the Socorro Region.

The eleven~year average annual diversion for the Ceochiti division is
45,423 acre~-feet; for the Albuquerque and Belen divisions, which include
the upper Socorro Region, it is 281,756 acre-feet (Table 16). These diver-
sions are the gross diversions, a large portion of which are returned to
the river or the drainage ditches and are again diverted, along with the
return drain water, by the next lower unit. This excess diversion is of an
operational nature for irrigation head, and in some cases results because of
cancellation of water orders after water has already been diverted. Other
specific losses from the canals include seepage losses, evaporation from the
water surface in the canals, and transpiration by plants along the banks of
the canals.

Monthly surface-water deliveries to the lands in the Middle Rio Grande
Conservancy District in the MRGR are reported in Table 17. These deliveries?®
are the net deliveries to the farm headgates. (Canal wastage, canal seepage,
and the unaccounted-for losses have been deducted.)

Ground-water quantity. The ground water used for supplemental and full

service irrigation in the eastern MRGR is primarily from the valley fill.

The water results from seepage from the river, canals and laterals, irrigation

*United States Department of the Interior, Bureau of Reclamation, Middle Rio
Grande Project, Albuquerque Office (unpublished data), 1960-1970, 11 pp.
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water applied to the lands, ground-water flow from the bordering mesa lands,
precipitation upon the valley floor and adjacent mesas, and from runoff in
arroyos from the mesas to the valley.

Ground water used for irrigation im the western MRGR is primarily in
the Grants-Bluewater area and is obtained principally from limestone, sand-
stone, and alluvial sand and ground deposits.

Consumptive irrigation requirements calculated by the Blaney-Criddle
formula (1962) on the basis of the 1970 cropping pattern are reported in
Tables 18 and 19. Table 18 includes requirements calculated for the Middle
Rio Grande Conservancy District. The upper Middle Rio Grande valley tabula-
tions correspond to the area serviced by the Cochiti division of the Middle
Rio Grande Comservancy District, and the lower Middle Rio Grande valley
tabulations correspond to the remaining MRGCD-serviced area in the MRGR.
Table 19 reports requirements for the MRGR not serviced by the MRGCD, and is
divided into the eastern and western subregions. These requirements were
calculated for the summer (March through October) and winter (November
through February) seasons. They are the quantities of irrigation water,
exclusive of precipitation, stored soil moisture, or ground water, required
consumptively for crop production. They do not include surface evaporation
or other economically unavoidable wastes normally associated with irrigation.
The surface-water deliveries to the MRGCD were estimated at the farm head-
gate and, to be comparable, the irrigation requirements were calculated using
the appropriate farm-irrigation efficiency. These requirements are also
reported in Tables 18 and 19.

The irrigation requirements and the surface-water deliveries are sum-
marized in Table 20 for the various sub-areas of the MRGR. The total irri-
gation requirement for the MRGR for the summer seascn was aboub 214,000
acre-feet., Surface-water deliveries by the MRGCD for the same season were
about 123,000 acre-feet.

Surface water is also used for irrigation outside of the MRGCD in areas
such as the Bluewater-Toltec Irrigation District in McKinley and Valencia

Counties in the western MRGR. Surface-water deliveries were not available

* for this area, but were estimated to supply about 80 percent of the lands in

the western MRGR: the remainder was supplied by ground water.
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Table 18. Seasonal and total consumptive irrigation requirements and irrigation
requirements by crop for lands serviced by the Middle Rio Grande
Conservancy District, Middle Rio Grande Regioun, New Mexico, 1970

Consumptive

Irrigation requirements® Irrigation requirementsb
Crop Summer®  winterd Totral Summer® Winterd Total
vevesosacre—feet.... ... reseas ..acre—feet........
UPPER MIDDLE RIO GRANDE VALLEY
Cotton - - - - - -
Alfalfa 3,297 0 3,297 7,326 0 7,326
Sorghum - - - -— - -
Corn 287 0 287 637 0 637
Small grains 133 g 142 296 20 316
Improved pasture 399 4 403 867 g 876
Other hay and native
pasture 15 0 15 33 ¢] 33
Chile - - - - - -
Orchards 69 1 70 153 2 155
Spring lettuce - - - - - -
Fall lettuce —-— —-— - - - -
Spring onions — - - - - -
Fall onions - - - e - -
Misc., vegetables and
family gardens® 74 0 74 164 0 164
Total 4,274 14 4,288 9,476 31 9,507f
Weighted average 1.88 0.01 1.89 4.17 0.01 4.19
LOWER MIDDLE RIO GRANDE VALLEY
Cotton - - - - - -
Alfalfa 55,683 0 55,683 123,739 0 123,739
Sorghum 521 1] 521 1,158 0 1,158
Corn 2,753 0 2,753 6,117 0 6,117
Small grains 6,658 808 7,466 14,796 1,796 16,592
Improved pasture 12,419 177 12,596 27,597 394 27,991
Other hay and native
pasture 4 4] 4 10 0 10
Chile 272 0 272 1,815 0 1,815
Orchards 1,622 19 1,641 3,604 42 3,646
Spring lettuce - - - - - -
Fall lettuce - - - - — —
Spring onions - -— - —— - ——
Fall onions - —_ - - - —
Misc. vegetables and
family gardens® 1,794 0 1,794 3,987 0 3,987
Total 81,726 1,004 82,730 182,823 2,232 185,055
Weighted average 2.14 0.03  2.16°% 4.78 0.06 4. 84

a. The quantity of irrigation water, exclusive of precipitation, stored soil
moisture, or ground water, that is required consumptively for crop production
(Blaney and Hanson, 1965, p. 3).

b. The quantity of water, exclusive of precipitation, that is required for crop
production or the consumptive irrigation requirement divided by the irrigation
efficiency (45 percent), (Blaney and Hanson, 1965, p. 5).

c Months of March through October.

d.  Months of November through February.

€. Also includes crops for which consumptive-use values were not available.

f. Does not add because of rounding. !

42



Table 19. Seasonal and total consumptive irrigation requirements and irrigation
requirements by crop for lands not serviced by the Mliddle Rio Grande
Conservancy District, Middle Rio Grande Region, New Mexico, 1970

Consumptive
Irrigation requirements? Irrigation requirementsb
Crop Summer® Winterd Total Summer¢ Winterd Total
....... .acre-feet........ sevssessdcre=feet..cnoeiae
EASTERN MIDDLE R10 GRANDE REGION
Cotton - - —— m-—— - -
Alfalfa 123 0 123 246 0 246
Sorghum 130 0 130 260 0 260
Corn 92 0 92 184 0 184
Small grains 26 3 29 52 6 58
Improved pasture - — — -— ~— -
Other hay and native
pasture - -~ - - - —
Chile - -— - - —- -
Orchards 104 1 105 208 2 210
Spring lettuce - —_ - - - —
Fall lettuce - - -— - - -
Spring onions - - - - - -
Fall onions -— - - - - -
Misc. vegetables and
family gardens® 23 0 23 46 4] 46
Total 498 4 502 996 8 1,004f
Weighted average 1.66 0.01 1.67 3.32 0.03 3.35
WESTERN MIDDLE RIO GRANDE REGION
Cotton —-- —~— - - e -
Alfalfa 4,523 0 4,523 11,308 0 11,308
Sorghum 7 0 7 18 0 18
Corn 398 o] 398 995 0 995
Small grains 874 103 977 2,185 258 2,443
Improved pasture 1,292 15 1,307 3,230 38 3,268
Other hay and native
pasture 981 8 989 2,453 20 2,473
Chile - -— — - - -
Orchards 60 1 61 150 3 153
Spring lettuce - —_ - -— —_— —
Fall lettuce —— - - - — ~—
Spring onions - - - -— e -
Fall onions - - - —_— — -—
Misc. vegetables and
family gardens® 137 0 137 343 0 343
Total 8,272 127 8, 399 20,682 319 21,001
Weighted average 1.91 G.03 1.93% 4.76 0.07 4.83

a. The quantity of irrigation water, exclusive of precipitation, stored soil
molsture, or ground water, that is required consumptively for crop production
(Blaney and Hanson, 1965, p. 5).

b. The quantity of water, exclusive of precipitation, that is requlred for crop

production or the consumptive irrigation requirement divided by the irrigation

efficiency (50 percent for Middle Rio Grande Valley, 40 percent for Western

MRGR), (Blaney and Hanson, 1965, p. 5).

Months of March through October.

Months of November through February.

Also includes crops for which consumptive-~use values were not available.

Does not add because of rounding.

[ BN = e}
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Total pumpage of ground water for irrigation in the MRGR was thus
arrived at as the residual of requirements minus deliveries or, as in the
eastern MRGR, by estimating the area supplied by source of watexr. The
ground-water pumpage for the MRGR was estimated to be about 74,300 acre-
feet in the summer season and about 2,300 acre-~feet in the winter season for
a total of about 76,700 acre-feet (Table 20). This is about 1.70 acre-feet

per cropped acre in the MRGR.

Municipal and Industrial

Municipal water—use depends primarily upon two factors: the number of
urban water users, and the per capita use of water. Industrial water-use
depends partially on the number of employees and the per employee use of
water in the production of goods and services. Using figures from the State
Engineer Office, an estimate was made of water use for the urban population
in 1960 and 1970. Municipal use includes more than urban population: 1light
industrial as well as commercial activities within a region are dependent
upon the municipal water supply. An estimate was made separately for this
type of user, which includes the public sector composed of government and
associated enterprises. Due to the lack of reliable primary data, these
estimates should serve only as crude approximations to the actual water use
within the MRGR.

Over 90 percent of the municipal and industrial water users obtained
their supplies from ground-water systems. Very little surface water is

diverted or depleted by any user other than agriculture.

Rural Domestic

Rural use of water is dependent upon the same two factors, population
size (rural only) and the per capita use of water, as the urban population
use. All the water diverted or consumed by the rural domestic population was

assumed to be derived from ground water.
. Livestock

Livestock use of water depends upon both use per animal within the

region, and the number of, and evaporation from, stock ponds located in
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the region. To obtain an estimate of the use of water by livestock, an
inventory by Capener and Sorensen (1971) for both the number of livestock
and the number of stock ponds was used.

Stock ponds are primarily supplied from surface water, but some live-
stock water comes from the ground supply. However, the most significant
portion of water used can be assumed to be from surface supplies.

Between 1960 and 1970, there was no appreciable change in water consump-—
tion by livestock, but since 1960 the number of stock ponds increased. Con-
sequently, only an estimate of livestock use was made for 1970.

The actual consumption by livestock was estimated to be 1,700 acre~feet
in 1970 for the MRGR: stock-pond evaporation was estimated to be 1,200
acre-feet. Irrigated pasture, for which no sale of commodity is involved,
must be added to these figures. Approximately 25,500 acre-feet of water
was used to irrigate pasture land for grazing by livestock. Therefore, in
the MRGR approximately 28,400 acre-feet was consumed each year in the late

60's by the livestock sector.

Recreation

There are no reservoirs in the MRGR maintained solely for recreational
use. Bluewater Reservoir does have recreational use and activity but was
constructed for irrigation, flood control, and sediment abatement. The
State Game and Fish Department has leased a minimum pool for the Reservoir
from the Bluewater-Toltec Irrigation District to insure a minimal amount of
water for fish survival in the Reservoir. However, the evaporation losses

are charged to purposes other than recreation.

Non-beneficial

BEach year a large portion of the water supply of the MRGR is lost
through non-beneficial depletions. These losses are primarily in the form
of evaporation from the surface-water areas and from evapotranspiration by
phreatophytes.

Phreatophytes. The phreatophyte classification describes a distinet

ecological group of desert plants that have adapted their root systems to

survive in arid areas where the water table is between 5 and 30 feet below

46



ground. The phreatophytes, which include salt cedar, saltgrass, cottonwood
trees, and willow are found in areas such as the lower flood-plain of arid
river basins where it is difficult to account for the sources and interaction
of surface and ground-water flow.

Phreatophytes, as defined by Blaney and Hanson (1965), are plants that
habitually grow where they can send their roots down to the water table or
to the capillary fringe immediately overlying the water table. Saltgrass
and salt cedar are the two most common phreatophytes in the MRGR. Blaney and
Hanson (1965) listed consumptive use of ground water by saltgrass as 29.3
inches per year, and for salt cedar 57.2 inches per year. The flood-plain
areas of the Rio Grande in the MRGR are generally covered with saltgrass and
areas of salt cedar and cottonwood (Figure 12). Cottonwood is the predomi-
nant type of phreatophyte in the MRGR. The Bureau of Reclamation, in 1971,
reported phreatophyte consumptive use in the MRGR at over 63,300 acre-feet
annually., The total area of phreatophytes in the MRGR was estimated (U.S.
Department of Interior, Bureau of Reclamation, 1971) at 17,750 acres.

Evaporation. Losses due to evaporation from reservoirs, lakes, and
ponds affect the net water supply available. Studies of evaporation from
storage reservoirs indicate that during long periods of deficient streamflow,
reservoirs may yield, for useful purposes, as little as 50 percent of the
total water supply. The primary evaporation loss in the MRGR comes from open
canals and drains. Phreatophyte losses, however, are far greater than evapo-

ration losses.

ECONOMIC LAND CLASSIFICATION

An economic land classification of the 71,595 acres of irrigated crop-
land in the Middle Rio Grande Region was based on an adaptation of the
Cornell system using soil productivity and irrigation water quality and
quantity as the primary variables. This classification was conducted, pri-
marily for use with the socioeconomic model, to provide basic information
on the relative economic productivity of the irrigated cropland areas within

_ the Region. The delineation of areas with slight, if any, moderate, and
"severe limitations provided information for the water and land resource

reallocation criteria used in the model.
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None of the irrigated cropland acreage in the MRGR was considered to

have only the minor income expectancy limitations required for classifica~

tion as Economic Class I (Table 21).

The primary reasons for lower classi-

fication of some of the cropland were lower soil productivity, reduced water

quantity, small farm size,

Only about 5 percent
fied as Economic Class II
quantity were the primary
These Economic Class

primarily in the southemn

for full-time commercial farming.

and problems associated with urban encroachment.
of the irrigated cropland in the MRGR was classi-
(Table 21). Soil productivity and irrigation water
limiting factors associated with these lands.

II lands were located in the eastern subregion,
section (Figure 13). Most of this acreage is used

Inputs are relatively high, buildings and

equipment are in reasonably good condition but seldom comparable with Class I
. lands in other sections of the basin. The farms in this Class were larger
and fields were larger and better situated for more efficient use of machin-
ery and better irrigation practices than those in Class I1I1I.

Table 21. Acreage of irrigated cropland by economic land classes, Middle Rio

Grande Region, New Mexico

Economic Land Western Middle Eastern Middle

Classification Rio Grande Region Rio Grande Region Total
(acres) (percent) (acres) (percent) (acres) (percent)
Class I 0 0 0 0 0 0
Class II 0 0 3,720 6.6 3,720 5.2
Class III 15,065 100.0 52,810 93.4 67,875 94.8
Total 15,065 100.0 56,530 100.0 71,595 100.0

Almost 95 percent of the irrigated cropland acreage in the MRGR had
severe limitations and was classified as Economic Class III. Most of the
farms were small and were operated on a part-time basis, many in the cate-
gory of hobby farms and rural residences. The fields were irregular in
shape as a result of terrain and irrigation systems. Farmsteads and build-
_ings on many of the farms in the eastemmn subregion indicated a much larger

‘investment than typically could be supported by the farm, thereby limiting
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Figure 13. Economic land classification map, eastern Middle Rio Grande subregion.
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the value of this economic indicator in the classification. Existing machin-
ery and equipment was generally old and small, and in many instances it was
apparent that much of the machinery and equipment was provided through custom,
rental, or other arrangements. Deficiencies in soil productivity, water
quantity (and in some cases water quality), unfavorable topography, small
farm-size, and the likelihood of urban encroachment were the primary limita-
tions imposed on these lands. The Economic Class II1 lands were located
throughout the MRGR, but included all of the western subregion and most of

the northern part of the eastern subregion (Figures 13 and 14).

Income expectancies measured in terms of crop yields for selected crops
in the MRGR were estimated from enterprise budgets developed for selected
farms on the different land classes (Table 22). Extreme differences in the
yields or returns between the two economic land classes were not found in all
cases because of the limited number of farms interviewed and differences in

managerial ability of the farmers.

Table 22. Expected yields for selected crops on different economic land
classes, Middle Rio Grande Region, New Mexico

Crop Yield per Acre

Economic Small

Land Class Alfalfa Grains* Corn Lettuce
tons bu. bu. cwt.

Class I - - - -

Class II 6.5 50 30 160

Class IIT 4.5 40 25 140

* Includes primarily barley, oats, and wheat.
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THE SOCIO-ECONOMIC MODEL

The socio~economic model was used to simulate long-run production and
water utilization patterns in the Rio Grande Basin under alternative assump-
tions. Because of the difficulty of obtaining population, industrial
activity, and employment data by drainage basin they were incorporated into
the socio-economic model on a county basis. Therefore, the results from the
socio~economic model reflect economic activity and water depletions for all
of Sandoval, Bernalillo, and Valencia counties: portions of Sandoval,
Bernalillo, and Valencia counties outside of the Rio Grande drainage basin
are included, but economic activity and water depletions for the portions
of McKinley and Torrance counties that are within the Rio Grande drainage
basin are excluded.

The MRGR and the other three Regions constitute the total socio-
economic simulation model. Direct interpretations of the results for ouly
the MRGR do not take into account the interactions with the other Regions;
therefore, the MRGR will be highlighted as a part of the total Rio Grande
region analysis,

Each simulation process starts with the same basic optimal solution to
the model, and continues with annual changes to satisfy the alternative con-
ditions for a period of 50 years. The basic solution used 1970 conditions
and closely approximates the actual production levels attained and resources
used in the base year 1970. Differences between the basic solution of the
model and the actual production levels in 1970 result from the optimization
procedures used. The optimal use of resources in the model allows for social
considerations such as recreation demands and unemployment levels. This
basic optimal solution of the model was used as a point of departure for the
alternative solutions; hence, a description of the basic solution will be

presented first.

Basic Optimal Solution of the Model

The economy of New Mexico was represented in the model by twenty-four
production sectors (Table 23). All sectors were defined in the model in

units of one million dollars of production. Each sector had its own demands
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Table 23, Definition and classification of production sectors
Production 1960 Major 4.
Sector I-0 Study SIC Codes Production Sector Description
Agriculture
1 1,2 Meat animalg, farm dairy products end poultry
2 3 Food grains and feed crops
3 4 Cotton and cottonseed
4 5 Vegetables, fruits and nut trees, miscellaneous
food products
5 6 7 Agricultural secvices
Mining
6 7,8,11,12 10,12,14 Metals and non-metals
7 9,10 13 Crude petroleum and natural gas, oil and gas
fleld services
Manufacturing
8 13 201 Meat packing and other meat products
9 14 202 Dairy products
10 15 204,205 Grain will and bakery products
11 i6 remainder of 20 Miscellaneous food products
12 17,21 24,25,32 Lumber end wood products, concrete and stone
products
13 19,20 28,29 Chemicals and petroleum refining
14 22,23 19,34,35,36,38, Electrical machinery and equipment, scientific
371-373 instruments, fabricated metal products
15 18,24 22,23,27,31,39 Printing and publishing, miscellaneous
manufacturing
Transportation
Communications
Utilities
16 25,26 40,41,42 45,47 Railroads and all other transportation
17 27 46,4924 Gas and oil pipelines
18 28,29,30 48,49 Communications, electric and gas utilities
Trade
19 31,34 50,52,53,54,56,57,59 Wholesale trade and most retail trade
20 32,33 55,58 Retail auto dealers and gas stations, eating
and drinking places
Finance,
Insurance, and
Real Estate
21 35,36 60,61,62,63,64,65,67 Finance, insurance, and real estate
Ser¥ices
22 37,38,139,40 70,72,73,75,76,78,79 Hotels, motels, personal services, business
services
23 41,42 80,81,82,88,89,37(3) Medical and professional services, research and
development
Construction
24 47 15,16,17 Contract construction

*Source: New Mexico Bureau of Business Research, 1965
*#*Standard Industrial Classification
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for resources such as water, labor, etc., and its contribution to the total
benefits to the state's economy, measured by the value added of each one-
million~dollar unit. Tables 24 and 25 present some of the major results of
the basic model and relate them to water utilization for both the total Rio
Grande region and for the MRGR. Table 24 presents levels of production for
all 24 sectors measured in terms of output. Medical and professional
services and research and development (sector 23) generated the largest
value of production at $517.96 million, and agricultural services (sector 5)
generated the smallest value of production at $4.95 million. Within the
agricultural sector, meat animals, dairy products, and poultry (sector 1)
accounted for about 49 percent of the agricultural value of production;
fruits and vegetables (sector 4) about 23 perxrcent; cotton (sector 3) about
10 percent; food grains and feed crops about 12 percent; and agricultural
services about 6 percent. The metals sector (sector 6) accounted for about
76 percent of the total value of production for the mining industry, and
oil and gas (sector 7) accounted for the remaining 24 percent. In the manu-
facturing sectors, electrical, scientific instruments, and fabricated metal
products {sector 14) accounted for 27 percent of the value of production
($70.345 million); Iumber and wood products, concrete and stone products
(sector 12) 22 percent; printing and publishing, miscellaneous manufacturing
(sector 15) 20 percent; meat packing and dairy products (sectors 8 and 9)
18 percent; and the remaining 13 percent included grain mill and bakery pro-
ducts (sector 10) 5 percent, miscellaneous food (sector 11) 5 percent, and
chemicals and petroleum refining (sector 13) 3 percent. The Services sectors
(sectors 22 and 23) accounted for about 40 percent of the total value of
production; Trade (sectors 19 and 20) about 25 percent; Transportation,
communications, and utilities (sectors 16, 17, and 18) about 14 percent;
Finance, insurance, and real estate (sector 21) about 10 percent; and
Construction (sector 24) about 10 percent.

The value added generated by each sector ranges from 17.7 percent of
the total value of output in the meat packing industry (sector 8) to 71.2
percent in retail auto, gas stations, and eating places (sector 20). The
. weighted average value added in the Rio Grande region was 58 percent of total
) output. The large coefficients of output per unit of water in the nonagri-

cultural sectors are a result of the low water consumption in these sectors.
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The Trades and Services sectors represent about 82 percent of the
employment within the Rio Grande region. Wwholesale trade, retail trade,
gas stations, restaurants, and Services (sectors 19, 20, 22, and
23) represent almost 60 percent of the total employment. Employment in
Manufacturing accounts for about 10 percent of those employed in the RGR,
primarily in lumber and wood products, and concrete and stone products
(sector 12), electrical machinery and equipment, scientific instruments,
fabricated metal products (sector l14), and printing and publishing and
miscellaneous manufacturing (sector 15). These three sectors account for
over 80 percent of the employment within the Manufacturing sectors. Agri-
culture represents about 7 percent of the RGR employment force, with about
38 percent employed in vegetables and fruits (sector 4), and about 33 percent
in meat animal and dairy production.

Agricultural production accounted for 95 percent of the water depleted
in the RGR with food grains and feed crops (sector 2) accounting for about
45 percent of the total depletions, and cotton (sector 3) accounting for
another 27 percent. Mining sectors accounted for less than 1 percent,
Manufacturing sectors only 0.3 percent, and Trades and Services 3.8 percent.

Table 25 magnifies the differences between the Agriculture sectors and
all other producing sectors. While the Agriculture gectors produced only
4.1 percent of the total output, 3.9 percent of the total value added, and
provided only 6.7 percent of the total employment, they consumed 95 percent
of all the water used in production in the Rio Grande region. The Trade and
Services sectors played the opposite role, using only 3.8 percent of all
water depleted by the production sectors, but producing 78 percent of the
total value of output and accounting for 81.9 percent of the total value
added.

In the MRGR the agricultural sectors produced the smallest portion of
the subregion's total output (1.6 percent) and total value added (l.2 percent)
percent), and also provided for one of the lowest employment rates (2.4 per-—
cent). Agriculture consumed the largest portion of the water used in pro-
duction (88.3 percent of the MRGR total). Mining (sectors 6 and 7), is less
important in the MRGR than in the total Rio Grande region, producing 3.1

percent of the total output, 3.5 percent of the total value added, and
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providing for 0.8 percent of the employment. The Manufacturing sectors are
more important in the MRGR than in the total Rio Grande region. The Trade

and Services sectors in the MRGR were similar to the total Rio Grande region,
and the general relationships that exist for the total Rio Grande region are
also expressed in the Middle Region; i.e., Trade and Services sectors were
responsible for the largest portion of the total value of output (80.7 per-
cent), but used only 9.6 percent of the water depleted. The single most
important industry is medical and professional services, research and develop-
ment (sector 23) accounting for almost 25 percent of the total value of pro-
duction in the MRGR.

In the agricultural sectors, meat animal and dairy production (sector 1)
accounted for 64 percent of the value of production, 48 percent of the value
added by Agriculture, provided 70 percent of the agricultural employment, but
consumed only about 14 percent of the agricultural water. Food grains and
feed crops (sector 2) accounted for about 17 percent of the value of agri-
cultural production, 25 percent of value added, 10 percent of agricultural
employment, and 78 percent of the agricultural water consumed.

The single most important manufacturing sector in the MRGR is electrical
machinery and equipment, scientific instrument, fabricated metal products
(sector 14), followed by lumber and wood products and concrete and stone
products (sector 12), followed by printing and publishing and miscellaneous
manufacturing (sector 15). These three manufacturing sectors account for
65 percent of the manufacturing value of production, 80 percent of value
added, 64 percent of manufacturing employment, but only 16 percent of the
manufacturing depletions.

The single most important Trade and Services sector is medical and
professional services, research and development (sector 23) comprising
almost 30 percent of the value of production of Trades and Services, 27 per-
cent of value added, but only 18 percent of the employment, and 31 percent
of the water depletions used in Trades and Services. The location of the
military installations and Albuquerque in the MRGR contributes significantly
to sector 23. The next closest sector in value of production is wholesale
ltrade and most retail trade (sector 19), and contributes about 22 percent of

the Trades and Services value of production followed by finance, insurance,
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and real estate (sector 21) at 12 percent, and contract construction (sector
24) at about 10 percent. These four Trade and Services sectors account for
about 74 percent for the Trade and Services total value of production, 72
percent of the value added, 64 percent of the employment, and combined
account for 94 percent of the Trades and Services water depletions.

The regiomal distribution of water depletions by major production
sectors and municipal and rural uses is presented in Table 26. The signi-
ficance of the agricultural sectors as major water users was maintained in
all Regions, although their share is reduced in the Middle Rio Grande Region
to 74.0 percent, where 16.5 percent of the total water use was for domestic
purposes. The Middle Region was responsible for the second highest water
depletions in the Rio Grande region, utilizing 30 percent of the total water
available.

Water recreation demands in the Rio Grande region in the base year
(1970) and the distribution of supply by origin are presented in Table 27.
The major supply area for water skiing and boating is the Lower Rio Grande.
Recreationers from the Middle, Socorro, and Lower Regions, as well as out-
of-state visitors, utilize the availability in the Lower Region.

In the concentrated population centers of the Middle Rio Grande Region,
demands exceed supply of water-based recreation by 453,235 (551,654-98,419)
activity-occasion days (AOD) in water skiing, 146,210 activity-occasion days
in boating, and 807,318 activity-occasion days in fishing. The Lower Region
supplies 589,672 activity-occasion days of water skiing but demands only
67,719, resulting in a difference of 521,953 AOD (Table 27); in boating
there is a net supply of 293,943 AOD (Table 27); and in fishing there is a
net supply of 382,904 AOD (Table 27). The Middle Rio Grande Region supplies
about 48 percent of the Middle Rio Grande Region's demand for water skiing,

boating, and fishing.

Three Water Management Alternatives

The socio-economic model was used to estimate the effects of population
growth on the distribution of production and water requirements in the Rio

" Grande region for the period 1970-2020. Regional population projections used
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- Table 26.

basic optimal solution

Summary of depletions by major sector in the Rio Grande region (acre-feet)-—-—

61

Region Total Rio
Major Sector Upper Middle Socorro Lower Grande Region
. acre-feet .

Agriculture 111,084 125,795 38,061 222,328 497,268
Mining, 0il & Gas 2,852 1,500 108 111 4,571
Manufacturing 225 1,486 29 87 1,826%*
Commercial Trade &
Services 4,199 13,708 202 1,950 20,059
Municipal 3,862 25,568 407 4,362 34,199
Rural 2,042 2,527 203 1,051 5,823

Total 124,264 170,581 39,010 229,889 563,746%

« + » « . percent . -
Agriculture 89.39 73.74 97.57 96.71 88.21
Mining, 0il & Gas 2,30 0.88 0.28 0.05 0.81
Manufacturing 0.18 0.87 0.07 0.04 0.32
_ Commercial Trade &
Services 3.38 8.04 0.52 0.85 3.56
Municipal 3.11 14,99 1.04 1.90 6.07
Rural 1.64 1.48 0.52 0.46 1.03
100.00 100.00 100.00 100.00%* 100.00

*Does not add due to rounding.



Table 27. Water-based recreation by Region, Ric Grande region--basic optimal solution
Demanding Region
Supplying Out of Total
Region Upper Middle Socorro Lowerx State Supply
v (activity-occasion days) . e s
WATER _SKIING
Upper 121,402 8,281 129,683
Middle 98,419 98,419
Socorro
Lower 255,459 13,897 67,719 252,597 589,672
Total Rio Grande
region 121,402 353,878 13,897 67,719 260,878 817,714
Rest of State 18,643 154,768 173,411
Out of State 43,008 1,544 44,552
Total Demand 140,045 551,654 15,441 67,719 260,878 1,035,737
BOATING
Upper 64,012 15,673 79,685
Middle 78,616 78,616
Socorro
Lower 74,923 5,639 28,145 213,381 322,088
Total Rio Grande
region 64,012 153,539 5,639 28,145 229,054 480,389
Rest of State 74,923 74,923
Out of State 16,364 1,023 17,387
Total Demand 64,012 244,826 6,662 28,145 229,054 572,699
FISHING
Upper 380,437 250,258 162,706 793,401
Middle 365,600 365,600
Socorro 30,760 9,371 40,131
Lower 264,910 408,909 673,819
Total Rio Grande
region 380,437 615,858 30,760 264,910 580,986 1,872,951
Rest of State 549,268 3,230 26,005 578,503
Out of State 7,792 7,792
Total Demand 380,437 1,117,918 33,990 290,915 580,986 2,459,246
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in the model were based on the New Mexico Bureau of Business Research county
projections (BEA Projections) (Table 28). An increase in population affects
the final demand for consumer projects, the labor force, as well as the direct
demand for water for municipal and rural use. The model assumes government
employment to be a function of population; therefore, it was determined but
not reported in the following analyses.

An increase in the final demand will affect all 24 sectors according
to the interrelationships of the Input-Output Table. Because of these pre-
determined relationships, any change in the final product mix produced
within the region will require a change in the model constraints.

Three alternative solutions of long~run production and water-use
patterns, utilizing a linear population growth at an average rate of 1.19
percent annually or 59.5 percent for the period 1970-2020, are presented
below. The three alternatives differ only in water constraints. In the
first alternative, water availability was not constrained. The production
sectors were permitted to grow as required in order to supply the products
demanded. Thus, additional surface-water for agricultural use would become
available as needed: for example, by water importation or water-—saving
technological developments. Ground~water sources were assumed to be suffi-
cient to permit the required increases in pumpage but not to substitute for
surface sources.

The assumption that surface water can be imported to satisfy all future
demands is not a realistic assumption. There are only limited opportunities
for water importation to the Rio Grande Basin, i.e., the San Juan-Chama
diversion. It is more likely that no additional surface-water will be
available in the foreseeable future. The second alternative reflects this
assumption and places a constraint on surface-water availability: i.e., the
1970 surface water supplies plus the San Juan-Chama diversion water. Any
increase in water demands is required to be satisfied within the region.

In the model, surface and ground water are used in fixed proportions in the
agricultural sectors, thus ground water cannot be substituted for surface
water. The effect of limiting surface-water availability to 1970 levels
(basic optimal solution) implies that growth in agricultural production can
be expected only in areas where the availability of surface water exceeds
depletions. No effect should be expected in the nonagricultural sectors

because ground-water depletions have not been restricted. Under the legal
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constraints imposed by the water laws of New Mexico, the mining of ground
water may be restricted by authority of the State Engineer to declare a
ground-water basin and close it to future development. Most of the Rio
Grande region in New Mexico lies within declared basins. To maintain the
base flow of the Rio Grande, increased pumping effects on the river must be
offset by retiring surface-water rights. This alternative approximates the
current administration of water resources in the Rio Grande region.

The third alternative is much more restrictive than the second alter-
native of imposing a constraint only on the surface water. This alternative
reflects constraints placed on both surface and ground-water resources.
Total surface-water availability for use in the Rio Grande region was
restricted to the average surface flow in the Rio Grande, including the
supplementary flow from the San Juan-Chama project. Ground-water pumpage
was initially restricted in this set to the total pumpage in 1970. It was
assumed that any future growth will require the transfer of surface-water
rights from agriculture to other production sectors, rural, domestic, and
municipal uses. A transfer mechanism was added to the model to allow the
transfer of surface rights to ground-water rights. Additional pumpage was
permitted only to the extent that surface-water depletions were reduced.

Additional diversions refer to the effect of pumpage upon the flows of
the river. Within the alluvial deposits of the Rio Grande the surface
water and ground water are connected, and pumpage either diverts water from
the river or intercepts water destined for the river.

In order to maintain interregional deliveries over time, the total
surface-water availability in each Region was reduced annually to compensate

for the additional effects of pumping upon the flow of the river.

Alternative 1: No water constraint. The long-run effects of population

growth under the above assumptions are presented in Table 29 for the RGR and
for the MRGR. Table 29 presents the production levels, value added, employ-
ment, and water depletions required to satisfy the increases in local demand
and expected increases in nonagricultural out-of-state sales. Total value
of output in the Rio Grande region is expected to increase at approximately

the same rate as the population. This amounts to an increase of more than
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$1,267.6 million (59.7 percent) in the total wvalue of output for the
period 1970-2020.

Agricultural production is expected to increase only 38.3 percent
($32.5 million) in the Rio Grande region compared to an increase of 59.7
percent in total value of output. This smaller increase results from the
assumption that additional surface water will not be made available for
agricultural exports and will be used only for local increases in demand for
agricultural products. The major increases in agricultural products are
expected in the Middle Rio Grande Region which also expects the largest
population increase. This results from the interregional Input-Output
matrix structure which does not allow for changes in the interregional
transfer coefficients. The expected increase varies from 58 percent for
cotton (sector 3) to 32 percent for vegetables and fruits (sector 4), with
agricultural services up 53 percent (sector 5), 47 percent for food grains
and feed crops (sector 2), and meat animals, dairy, and poultry up only
33 percent (sector 1).

The total nonagricultural production is expected to increase by
$1,235 million. The expected increase in agricultural production represents
only 2.6 percent of the total increase in the value of production while it
represents 85.2 percent of the additional water depletions required. The
value of production for the Mining sectors is expected to increase about
58 percent from 1970 to 2020, Manufacturing about 61 percent, and Trades
and Services are expected to increase about 60 percent (Table 30).

Water depletions in the year 2020 for the Rio Grande region are
expected to reach almost 830,000 acre-feet. This increase of 266,743 acre-
feet over the depletions in 1970 will be required to meet the projected
population needs in 2020. However, by 2020 an additional 83,000 acre-feet
of surface water will be required to maintain the base flow of the river out
of the region to Texas. Of the 266,743 acre-feet, the agricultural sectors
will require 227,336 acre-feet, the remaining production sectors 15,769 acre-
feet, and domestic needs 23,516 acre-~feet. The increase in agricultural
depletions will be met by utilizing 191,720 acre-feet of surface water and
) 35,616 acre-feet of ground water. All increases in surface water will be

used by agriculture.

67



"8uUTPUNOI JO ISNEDDY PPER IOU S0(:

0'19% [ S 74 167 “Tel 198°69€°1 0729 ey TiLe KA 019628 WBLT 62T #6£57696°1 L7 66 %Z6T°06€°C te30]
%€ [ 5N - - = = 109 0995°29 p oT - = jeany x TedTOoTUNW
(A4 A AR 44 £0L°€0T 801°991°T 9 SLEST6 T 909 1eziet DLESHT  60%7L29°1 8'09 £02°989°C $937A305 B IpeaL
9° 19 wy‘e YOLET Yoy SEY 819 0%C 9%¢ £709 826°C 184191 6SYL91 £°09 026°51% Burinyoegnusy
€79 SEv‘e 1261 6%L°LY £°29 6T €L STLs 661°L £26°¢ $68°211 T°8¢% %26 0LT SuTuty
509 086102 1e8°¢T 825 79T 848 919°9¢ 176y £09°%ZL 1666 BLL™TY €8¢ B9T LT eanijuotaly 0202
692°0LT *TS8 VL S88°TH8 €Ly Ce9r T #998° 296 20E00TT  =£$4°7¢T°1 x099°221°C 1e30L
08L°LT - - B 716 - - “T == Teany x TedroTumy
804 ‘€T 6Y6°€Y 061°6TL TET T8T 1 65002 £9%°0€ 0€9°210°1 16676191 S20TAIIG § PpRA]
98% T (WA gvL LR L20° %12 9281 16401 L2€ " H0T BE88ST JutranyoeynueR
(uorjinios
0051 629 LTy 62 260°5Y 1.6y 026°1 £6€° 1L 290°801 Juruir 1ewisdo
a1s8q)
901 62T Q08‘1 005701 £€02°¢T 892 L6y Se1'L A A4 SLL°48 210310018y 0161
(juadand) (3Iw8I~2I3T) (notTTiTI T$) (auvoaad) (uOT[1T® 1§} (3uesasd) (3993-2a0%) (uoTTTIw 1) (3usvaad) (worTIW T§)
0461 TOSUACT dwg PIPPY 0761 0L61 JuswAoTdug P3PPY 061 ECEEDH B
woxy aJueyy anTeA woxy vdurypd woay adusy) BNTBA woay aSuey)
suoTio dag I93ey ue1)oNpoIg JO OnjBA S FERGEECFED UCT5onpoig O anieA
uo1day apuelp OTY I[PPIR UOT95Y opuciy OYd TBI0L

JUTLITSNOD 3VIPM OU—~0ZOZ-0LHT OSTXA MoN ‘no18oy apuwas Oy 2TPPTH 343 U1 pue ‘uoTBda Ipuel) OTY BY) Uy $10322s Iolew 203 35S0 1djem pue JudWAoTdwa ‘pIppe Bnfea ‘wollanpoad  tpf BTYTL

68



In 1970, the Middle Rio Grande Region accounted for slightly under 70
percent of the total Rio Grande region's value of production and is esti-
mated to remain fairly constant at slightly under 70 percent in 2020.

Trade and Services accounted for about 81 percent of the value of production
in 1970, Agriculture 2 percent, Manufacturing 14 percent, and Mining approxi-
mately 3 percent of the value of production in the Middle Rio Grande Region
(Table 30). Inthe year 2020, Trade and Services are expected to remain
constant at 81 percent, Agriculture constant at about 2 percent, Manufactur-
ing constant at about 15 percent, and Mining to remain constant at about 3
percent of the value of production.

The economy of the MRGR is expected to grow at a higher rate than that
for the total Rio Grande region. The expected increase in total value of
production from 1970 to 2020 is 62.0 percent compared to 59.7 percent for
the total RGR. Agriculture is expected to increase at a higher percentage
rate of growth, 57.8 percent for the MRGR and 38.3 percent for the RGR, and
the remaining sectors at a rate of about 62 percent for the MRGR.

Employment in the MRGR is expected to increase 62 percent from 1970 to
2020, with agricultural employment increasing 57 percent and the other sec-
tors increasing about 62 percent.

Water depletions in the Middle Rio Grande Region in 1970 accounted for
about 30 percent of the total Rio Grande region's water depletioms but are
expected to increase slightly to about 33 percent in 2020. Agriculture is
the largest water user, accounting for 74 percent of total depletion in the

Middle Rio Grande Region in 1970 and in 2020 (Table 30).

Alternative 2: Surface-water constraint. Table 31 presents production

levels, value added, employment, and expected water depletions by sector
under the surface-water constraints for the Rio Grande region and for the
MRGR, and is summarized by major sector in Table 32. The Rio Grande re-
gional value of production with a constraint would be $3,390.3 million,

and $3,372.2 million without a surface-water comstraint; thus the cost of
imposing a surface-water constraint is $18.1 million (0.53 percent reduction).
Direct Agriculture production would decrease $6.9 million, Manufacturing

production would decrease $0.3 million, and Trade and Services are expected
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to decrease $10.9 million. The meat animal, dairy, and poultry sector
(sector 1) would not be affected by surface-water constraint, but the value
of production for food grains and feed crops (sector 2) would be decreased
$6.4 million, cotton (sector 3) reduced $0.2 million, fruits and vegetables
(sector 4) would be unchanged, and agricultural services (sector 5) down
about $0.4 million. In the Services sectors, medical and professional, aund
research and development (sector 23) is expected to decrease about $10
million.

The level of employment in the Rio Grande region is expected to decrease
by 1,344 employees in 2020 when a surface-water constraint is imposed.
dgriculture production sectors (sectors 2, 3, and 5) are expected to
account for 784 of these employees, with food grains and feed crops account-
ing for 88 percent of the decrease. Services production sectors are expected
to account for 546 employees with sector 23 accounting for all employees.

Surface-water depletions in the Socorro and Lower Regions in the base
year 1970 approached the average aunnual availability for these Regions. The
Upper and Middle Regions are expected to benefit from the additional surface
water to be supplied by the San Juan-Chama diversion project. Thus the long-
run average annual availability in these two Regions exceeds their 1970
depletions. Total surface-water availability is reduced over time because
of the increased effect of ground-water pumping over time and the increases
in pumpage necessary to satisfy growth requirements, and it is expected that
83,000 acre-feet of surface rights will be retired by 2020. Because of the
additional San Juan—Chama diversion water, surface-water depletions are
expected to increase until about the year 2000 and then decrease. However,
the Socorro and Lower Regions are expected to have reductions in surface-—
water depletions well before the Upper and Middle Regions because they do
not benefit from the San Juan-~Chama project. The surface-water usage
decreases in the 50-~year period due to the effect on the river of continued
pumpage at an increasing rate, even though the total average flow in the Rio
Grande is increased by 111,000 acre-feet (from the San Juan~Chama).

The decrease in ground-water depletions for agricultural use in the
same years results from the fixed ground-surface water relationship assumed

for agricultural production. This assumption was necessary in order to

avoid further surface-flow depletions which would take place if ground
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water were substituted for surface water in agricultural production.

Total water depletions are expected to increase only 22.8 percent and
reach 691,086 acre-feet in 2020. This is 138,524 acre-feet less than the
amount required where no water comstraint was imposed. Agriculture accounts
for 136,388 acre-feet of this reduction. The remaining 136 acre-feet re-
duction includes 2 acre-feet in Manufacturing and 134 acre-feet in Trades
and Services.

The demand for agricultural products which could not be satisfied in
this case is allowed to be supplemented by agricultural imports or by re-
duction of exports.

The value of production in the Middle Rio Grande Region in 2020 would
be $2,371.4 million without a water constraint and $2,368.2 million when a
surface-water constraint is imposed (Table 31). Direct agricultural pro-
duction would decrease $2.4 million, and the indirect effects of agricultural
production would account for about $0.8 million decrease in services associ-
ated with agriculture. Food grains and feed crops (sector 2) account for
77 percent of the decrease in agricultural production.

Employment in the MRGR would decrease from 121,251 with no water con-
straint to 121,097 with a surface-water constraint. Again, Agriculture
would account for nearly all (70 percent) of the reduction in employment.
The reduction in food grains and feed crops is expected to account for 56
percent of the total reduction in employment.

Surface-water depletions in the Middle Rio Grande Region in the base
year 1970 did not approach the average annual availability because of the
San Juan-Chama diversion project that is expected to supply additional
surface water tothe MRGR. The average annual depletions in 2020 with a
surface~water constraint would be 51,633 acre-feet less than under the
condition of no water constraint. Reduced agricultural depletions account
for nearly all (51,624 acre-feet) of the reduced depletions.

Alternative 3: Surface and ground-water comnstraint. Production,

value added, employment, and water depletions in this alternative for the
Rio Grande region and the MRGR are presented in Table 33 and summarized by
major sector in Table 34. The cost of imposing the additional constraint

on ground water is $4.1 million in 2020 compared with a surface-water only
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constraint, and $22.2 million compared with the alternative without any
constraint on water. Direct Agriculture production would decrease $2.9
million as a result of imposing the additional ground-water constraint, but
Mining (sector 6) is expected to remain constant, and the indirect
effects of reduced Agriculture production would account for the other $1.2
million in Manufacturing, Trade, and Services associated with agriculture. The
affected Agriculture sectors are expected to be food grains and feed Ccrops,
$2.14 million; cotton, $0.37 million; and agricultural services, $0.38
million., However, annual agricultural production in 2020 is expected to be
$22.6 million more than in 1970, and nonagricultural production is expected
to be $1,225.8 million above the 1970 level.

The level of employment is expected to decrease by 481 employees when
the additional constraint is placed on ground water. Agriculture pro-
duction sectors (sectors 2, 3, and 5) are expected to account for 314 of
these employees, with food grains and feed crops production accounting for
71 percent of the total decrease.

The increased demand for water by the nonagricultural sectors required
a transfer of 47,166 acre-feet from surface rights to ground-water pumpage.
The average annual depletion with a total water constraint is expected to
be 58,182 acre-feet less than under the condition of a surface-water
constraint only, and 196,706 acre-feet less than the alternative of no water
constraint. Agriculture depletions are expected to decrease 58,165 acre-
feet, and Trade and Services water depletions are expected to'decrease
18 acre-feet when the additional ground-water constraint is added.

The cost of imposing the additional comstraint on ground water in the
Middle Rio Grande Region would be $2.0 million in 2020 compared with a surface~

water constraint only, and $5.3 million compared with the alternative of no
constraint on water. Agriculture production would account for $1.9 million
of the $2.0 million of reduced production in 2020. Food grains and feed crops
account for about 80 percent of the total reduction in production.

Employment in the MRGR would decrease an additional 99 employees when
the additional ground-water constraint is added. Agriculture employment
.would account for 90 of the employees, with 71 percent in the food grains

"and feed crops sector.
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Total depletions in 2020 in the MRGR are expected to decrease 38,390
acre-feet below that of a surface-water constraint ounly, and 90,021 acre-
feet when compared with the alternative of no constraint on water. Agri-
culture depletions would account for 38,385 of the 38,390 acre~feet reduction

in 2020.

Summary. In the previous discussion, three sets of water management
alternatives were presented for the Rio Grande region. The first was an
analysis of the region's growth without a water comstraint. The second was
an analysis of growth with a surface-water constraint. The third was an
analysis of growth with both surface- and ground-water constraints. A
summary of the solutions for these alternatives is presented in Table 35
for the total Rio Grande region and for the Middle Rio Grande Region.

Without a water constraint, value of production, employment, and water
depletions in the Rio Grande region are expected to exhibit the largest
increase (59.7 percent, 59.2 percent, and 47.4 percent, respectively.) The
expected increase in value of production varies from 38.3 percent for Agri-
culture to 60.8 percent for Trades and Services. Water depletions are
expected to increase 45.7 percent for Agriculture, 57.5 percent for Mining,
60.3 percent for Manufacturing, 60.6 percent for Trades and Services, and
60.1 percent for Municipal and Rural domestic purposes.

When a surface-water constraint is imposed, the expected value of
production would be reduced by $18.1 million in 2020, employment by 1,344
employees, and water depletions by 138,523 acre-feet (16.7 percent) below
the alternative of no water constraint (Table 35). Reduced Agriculture
production would account for about 38 percent ($6.9 million) of the reduced
value of production, and Trades and Services about 60 percent ($10.9
million). The level of employment in the RGR is expected to decrease by
1,344 employees in 2020. Agriculture production sectors are expected to
account for about 58 percent and Trades and Service sectors about 41 percent.
Agriculture water depletions are expected to represent about 85 percent of
the total water depletion reduction when a surface-water constraint is
imposed.

In 2020, when a total water constraint is imposed, value of production

in the RGR is expected to be reduced to $3,368.1 million, decreased $4.1
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million below the value obtained when only a surface-water constraint is
imposed, and decreased by $22.2 million below the no-water-constraint
alternative (Table 35). The level of employment is expected to decrease by
481 employees when a constraint is imposed on ground water. Again, Agri-
culture sectors account for 82 percent of the reduced employment.

Water depletions in the RGR are expected to decrease from 829,610 acre-
feet without any water constraints to 632,904 acre-feet with a total water
constraint, a 24 percent reduction. The Middle Rio Grande Region is expected
to deplete for nonagricultural uses all of the surface-water rights by the
year 2075. Without water imports, increased pumpage restrictions will have
to be placed on Manufacturing, Trades and Services, and Municipal water usage
at this time. Any allocation of surface-water rights to Agriculture will
‘require these changes at an earlier date. Another alternative might be inter-
regional transfer of water rights. The other Regions are expected to have
enough surface-water rights to last for many years. The Albuquerque metro-
politan area has about 90 percent of the expected population increase in the
total Rio Grande region, and the pumpage necessary to sustain its growth
increases its effect on the Rio Grande flow by more than 1,000 acre-feet
annually.

The Middle Rio Grande Region is expected to follow the general trend of
the total Rio Grande region but at a higher growth rate. The expected in-
crease in total value of production from 1970 to 2020 is 62.0 percent. Employ-
ment is expected to increase 62 percent. Water depletions are expected to
‘increase about 61 percent in 2020, with Agriculture accounting for 74 percent
of total depletions in the MRGR at that time.

When a surface-water constraint is imposed, the value of production is
expected to be reduced $3.2 million in 2020, employment by 154 employees, and
water depletions by 51,633 acre-feet. Agriculture production sectors would
account for nearly all of the reduction in production, employment, and water
depletions.

When an additional constraint is imposed on ground water in the MRGR,
value of production would be decreased $2.0 million in 2020, employment by
én additional 99 employees, and water depletions by 38,390 acre-feet. Agri-
culture production sectors would account for over 95 percent of the expected

reductions in production, employment, and water depletions.
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The supply of water for water-based recreation is expected to be the
highest under the alternative of no water constraint (Table 36), and reduced
about 5 percent when a constraint is placed on the importation of surface’
water or mining of ground water. The major effect occurs on surface water

where all of the water-based recreation occurs.
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Table 36. Estimated water-based recreation by type in the Rio Grande

region
Water
Skiing Boating Fishing
. .(activity-occasion days). . . .
No Watexr Constraints
1970 817,773 480,389 1,872,950
1980 858,247 504,584 1,904,992
2000 939,195 552,975 2,591,525
2020 1,132,085 596,668 2,643,000
Surface Water Comstraints
1970 817,773 480,389 1,872,950
1980 858,347 504,625 2,015,576
2000 939,285 553,210 2,595,245
2020 1,160,546 586,894 2,643,000
Surface & Ground Water Coustraints
1970 817,773 480,389 1,872,950
1980 858,273 504,624 1,904,542
2000 939,332 553,356 2,592,460
2020 1,134,160 596,919 2,643,000

81



SELECTED RELATED REFERENCES

Bjorklund, L.J., and B.W. Maxwell, Availability of Ground Water in the
Albuguerque Area, Bernalillo and Sandoval Counties, New Mexico, N.
Mex, State Engineer Tech. Rept. 21, 1961, 117 pp.

Blaney, H.F., and W.D. Criddle, Determining Consumptive Use and Irriga-
tion Water Requirements, Agricultural Research Service, U.S. Dept.
of Agriculture, Tech. Bull. No. 1275, Washington, Government Print-
ing Office, Dec. 1962, 59 pp.

» and E.G. Hanson, Consumptive Use and Water Requirements in New
Mexico, N. Mex. State Engineer Tech. Rept. 32, 1965, 85 pp.

Burkholder, J.L., Report of the Chief Engineer, Middle Rio Grande Con-
servancy District, New Mexico, 1928, 248 pp.

Campbell, C.J., and W.A. Dick-Peddie, "Comparison of Phreatophyte Com-
munities on the Rio Grande in New Mexico,'" Ecology, Vol. 45, No. 3,
Summer 1964, 5 pp.

Capener, W.N., and E. F. Sorensen, ''Water Requirements for Livestock
in New Mexico in 1980, 2000, and 2020," Memorandum, N. Mex. State
Engineer Office in consultation with N. Mex. Agricultural Experiment
Station, New Mexico State Univ. (unpublished), Aug. 1971, 19 pp.

Chapin, C.E., "The Rio Grande Rift, Part I: Modifications and Additions,"
New Mexico Geological Society Guidebook of the San Luis Basin,
Colorado, Twenty-second Field Conference, 1971, pp. 191-201.

Coffey, P.J., Influence of Irrigation Water Quality on Crop Yield, Rio
Grande Project, U.S. Government Memorandum to Project Director,
Aug. 1966, 9 pp.

Conkling, and E.B. Debler, Water Supply, Irrigation, and Drainage Above
El Paso, U.S. Dept. of the Interior, Bureau of Reclamation (unpub-—
lished), 1919, 135 pp.

Creel, B.J., An Economic Classification of the Irrigated Cropland in the
Lower Rio Grande Basin, New Mexico (Master's thesis), Department of
Agricultural Economics, New Mexico State Univ., Las Cruces, N. Mex.
(unpublished), July 1971, 137 pp.

» ''Monthly Consumptive Irrigation Requirements as a Guide to Effi-
cient Management," Proceedings of the Sixteenth Annual New Mexico
Water Conference, New Mexico Water Resources Research Institute,
New Mexico State Univ., 1971, pp. 130-138.

82



Davis, H.C., Economic Evaluation of Water, Part V: Multiregional Input-
Output Techniques and Western Water Resources Development, Water
Resources Center Contribution No. 125, Sanitary Engineering Research
Laboratory, College of Engineering and School of Public Health, Uni-
versity of California, Berkeley, Feb. 1968.

Debler, E.B., "Water Supply Requirements,”" U.S. Dept. of Interior, Bureau
of Reclamation (unpublished), 1924,

, "Final Report on Middle Rio Grande Investigation," U.S. Dept. of
Interior, Bureau of Reclamation (unpublished), 1932.

Dinwiddie, G.A., '"Geography, Geology, and Hydrology,'" water Resources of
New Mexico--Occurrence, Development, and Use, State Planning Office,
Santa Fe, N. Mex., 1967, pp. 127-142.

Dregne, H.E., Prediction of Crop Yields from Quantity and Salinity of
Irrigation Water, Agricultural Experiment Station Bull. 543, New
Mexico State Univ., March 1969, 16 pp.

, and H.J. Maker, Irrigation Well Water of New Mexico, Chemical
Characteristics, Quality, and Use, Agricultural Experiment Station
Bull. 386, New Mexico College of Agriculture and Mechanic Arts
(N.M.S.U.), June 1954, 29 pp.

Federal Power Commission, Bureau of Power, Upper Rio Grande River Basin,
Colorado-New Mexico: Planning Status Report, Water Resource Appralis-—
als for Hydroelectric Licensing, 1965, 13 pp.

Folks, J.J., R.O. Ricketts, and A.J. Cline, Soil Survey of Bluewater
Area, New Mexico, U.S. Dept. of Agriculture, Series 1955, No. 2
Washington, Government Printing Office, May 1958, 28 pp.

3

Follett, W.W., A Study of the Use of Water for Irrigation on the Rio
Grande del Norte Above Fort Quitman, Texas, Report to the Inter-
national Boundary Commission, Nov. 1896, 330 pp.

Gordon, E.D., Geology and Ground Water Resources of the Grants—-Bluewater
Area, Valencia County, New Mexico, N. Mex. State Engineer Tech.
Rept. 20, 1961, 109 pp.

Hale, W.E., "Availability of Ground Water in New Mexico," Sixth Annual
New Mexico Water Conference, New Mexico Water Resources Research
Institute, New Mexico State Univ., 1961, pp. 11-22.

s Quality~of-Water Conditions Along the Rio Grande in New Mexico
and Colorado, U.S. Geol. Survey, Water Resources Div., Albuquerque,
Dec. 1966, 17 pp.

Hantush, M.S., "Aquifer Tests on Partially Penetrating Wells," Journal
of the Hydraulics Division, Proceedings of the American Society of
Civil Engineers, #Y5, Paper No. 2943, Sept. 1961, pp. 171-195.

83



Hedke, C.R., "Consumptive Use of Water by Crops,'" N. Mex. State Engineer
Office (unpublished), 1924, 26 pp.

, Irrigation Development and Water Supply of the Middle Rio Grande
valley, New Mexico, Report to the Rio Grande Survey Commission (un-
published), 1925, 38 pp.

Henderson, D.C., and E.F. Soremsen, Consumptive Irrigation Requirements
of Selected Irrigated Areas in New Mexico, Agrlicultural Experiment
Station Bull. 531, New Mexico State Univ., Aug. 1968, 55 pp.

Hosea, R.G., "Irrigation in the Rio Grande Valley--1928," N. Mex. State
Engineer Office (unpublished), 1928, 90 pp.

Isaacson, M.R., Conservation-Land Classification Survey Report, Middle
Rio Grande Conservancy District Lands, Physical Surveys Division
Middie Rio Grande Area, Soil Conservation Service Region 8,
Albuquerque, May 1940, 35 pp.

Jetton, E.V., and J.W. Kirby, A Study of Precipitation, Streamflow, and
Water Usage on the Upper Rio Grande, Atmospheric Science Group,
Rept. No. 25, College of Engineering, University of Texas, Austin,
June 1970, 203 pp.

Joesting, H.R., J.E. Case, and L.E. Cordell, "The Rio Grande Trough Near
Albuquerque, New Mexico,'" New Mexico Geological Society Guidebook of
the Albugquerque Country, Twelfth Field Conference, 1961, pp. 148-150.

Kelley, V.C., "Tectonics of the Rio Grande Depression of Central New Mexico,"
New Mexico Geological Society Guidebook of the Rio Grande Country, Cen-
tral New Mexico, Third Field Conference, Oct. 1952, pp. 93~105,

Kelly, T.E., B.N. Myers, and L.A. Hershey, Saline Ground Water Resources
of the Rio Grande Drainage Basin--a Pilot Study, U.S. Office of
Saline Water, Research and Development Progress Rept. 560, 1970, 71 pp.

Lansford, R.R., E.T. Garnett, and B.J. Creel, An Fconomic Classification
of the Irrigated Cropland in the Pecos River Basin, New Mexico, New
Mexico Water Resources Research Institute Rept. No. 7, New Mexico
State Univ., April 1970, 56 pp.

, and E.F. Sorensen, "Trends in Irrigated Agriculture, 1970 and 1971,"
New Mexico Agriculture--1971, Agricultural Experiment Station Research
Report 235, New Mexico State Univ., 1972, pp. 42-43.

Lee, W.T., Water Resources of the Rio Grande Valley in New Mexico and Their
Development, U.S. Geol. Survey Water Supply Paper 188, 1907, 59 pp.

Lofting, E.M., and P.H. McGauhey, Economic Evaluation of Water, Part III:
An Interindustry Analysis of the California Water Economy, Water
Resources Center Contribution No. 67, Sanitary Engineering Research
Laboratory, College of Engineering and School of Public Health,
University of California, Berkeley, Jan. 1963.

84



, and , Economic Evaluation of Water, Part IV: An Input-Output
Programming Analysis of California Water Requirements, Water Resources
Center Contribution No. 116, Sanitary Engineering Research Laboratory,
College of Engineering and School of Public Health, University of
California, Berkeley, Aug. 1968.

Maker, H.J., J.J. Folks, J.U. Anderson, and W.B. Gallman, Soil Associations
and Land Classification for Irrigation, Sandoval and Los Alamos
Counties, Agricultural Experiment Station Research Rept. 188, New Mexico
State Univ., June 1971, 45 pp.

New Mexico Bureau of Business Research, "A Preview of the Input-Output
Study," reprint from New Mexico Business, University of New Mexico,
Oct., 1965.

, State Engineer Qffice in cooperation with New Mexico Interstate
Stream Commission and the U.S. Geol. Survey, Water Resources of New
Mexico: Occurrence, Development, and Use, State Planning Office, 1967.

Osgood, E.P., Preliminary Report, Use, Control, etc., Water Above Fort
Quitman, N. Mex. State Engineer Office (unpublished), 1928, 16 pp.

Outdoor Recreation Resources Review Commission, National Recreation Survey,
ORRRC Rept. 19, Washington, Govermment Printing Office, 1962.

Reeder, H.0., L.J. Bjorklund, and G.A. Dinwiddie, Quantitative Analysis of
Water Resources in the Albugquerque Area, New Mexico, N. Mex. State
Engineer Tech. Rept. 33, 1967, 34 pp.

Roach, F., and S. Ben-David, "An Interpretation of Water Use Data for the
Rio Grande in New Mexico," Proceedings of the Seventeenth aAnnual New
Mexico Water Conference, New Mexico Water Resources Research Insti-
tute Rept. No. 007, New Mexico State Univ., Aug. 1972, pp. 66-95.

Slichter, C.S., Observations on the Ground Waters of the Rio Grande valley,
U.S. Geol. Survey Water Supply Paper 141, 1905, 83 pp.

Stotelmeyer, R.B., '"Projected Water Requirements for New Mexico Mineral

Industries," U.S. Bureau of Mines and Min. Resources, Socorro (unpub-
lished).

Texas Water Rights Commission, Austin, Water Resources of the Upper Rio
Grande Basin, Civil Engineering Dept., The University of Texas at
El Paso, Aug. 1970, 286 pp.

» Water Resources of the Upper Rio Grande Basin: Appendix, Civil
Engineering Dept., The University of Texas at E1 Paso, Aug. 1970,
248 pp.

Theis, C.V., and G.C. Taylor, Jr., "Ground Water Conditions in the Middle
Rio Grande Valley, New Mexico," 12th-13th Bienn. Repts. of the State
Engineer of New Mexico, 1938, pp. 263-271.

85



Tijoriwale, A.G., E. Martin, and G. Bower, Structure of the Arizona Economy:
Output Interrelationships and their Effects on Water and Labor Require-
ments - Part I. The Input-Output Model and its Interpretations, Agri-
cultural Experiment Station Tech. Bull. 180, The University of Arizona,
Nov. 1968.

Titus, F.B., Jr., Geology and Ground Water Conditions in Eastern Valencia
County, New Mexico, N. Mex. Bureau of Mines and Min. Resources Ground
Water Rept. 7, 1963, 113 pp.

U.S. Commission for Arid Resource Improvement and Development, Problems of
the Upper Rio Grande: An Arid Zone River, International Arid Lands
Symposium and Conference, 1955, (Ed.) Peter C. Duisberg, Pub. No. 1,
University of New Mexico, 1957, 69 pp.

, Congress, Senate Select Committee on National Water Resources,
pPopulation Projections and Economic Assumptions, 86th Cong., 2nd
sess., Comm., Print 5, Washington, Government Printing Office, 1961,
49 pp.

—

, Department of the Interior, Bureau of Reclamation, Middle Rio
Grande Project, Albuquerque, N.M. (unpublished data sheets), 1972,
10 pp.

s , Bureau of Reclamation, Rio CGrande Water Salvage Project;
Colorado and New Mexico, New Mexico Div., Albuquerque (unpublished
feasibility report), April 1971.

, Department of State, International Boundary and Water Commission,
United States and Mexico, Flow of the Rio Grande and Related Data--
1968, Water Bull. No. 38, 1968, 154 pp.

[ ], National Resources Committee, Regional Planning, Part VI--The
Rio Grande Joint Investigation in the Upper Rio Grande Basin in
Colorado, New Mexico and Texas, Washington, Government Printing
Office, 1938, 566 pp.

, Water Resources Council, The Nation's Water Resources, The First
National Assessment, Washington, Government Printing Office, 1968.

y , 1972 OBERS Projections, Regional Economic Activity in the
U.S.: Concepts, Methodology, and Summary Data, Vol. 1, Washington,
D.C., Sept. 1972, 109 pp.

, » 1972 OBERS Projections, Regional Economic Activity in the
U.S.: BEA Economic Areas, Vol. 2, Washington, D.C., Sept. 1972,
351 pp.

) s 1972 OBERS Projections, Regional Economic Activity in the
U.S5.: Water Resources Regions, 1-8, Vol. 3, Washington, D.C., Sept.
1972, 225 pp.

86



. , 1972 OBERS Projections, Regional Economic Activity in the
U.S.: Water Resources Regions, 9-20, Vol. 4, Washington, D.C., Sept.
1972, 283 pp.

s , 1972 OBERS Projections, Regional Economic Activity in the
U.5.: States, Vol. 5, Washington, D.C., Sept. 1972, 211 pp.

Witmer, T.R. (Ed.) Documents on the Use and Control of the waters of
Interstate and International Streams: Compacts, Treaties, and Adjudi-
cations, 90th Congress, 2nd sess., House Doc. No. 319, Washington,
Government Printing Office, 2nd Ed., 1968, 815 pp.

Yeo, H.W., "Rio Grande Area in New Mexico,' Report to U.S. Bureau of
Reclamation (unpublished), 1910.

, Irrigation in Rio Grande Basin in Texas and New Mexico, N. Mex.
State Engineer Office (unpublished), 1928 (about), 5 vols.

87



APPENDIX A

SOIL PRODUCTIVITY GROUPS IN THE
MIDDLE RIO GRANDE REGION, NEW MEXICO

Group I,
Soils in productivity Group I have few limitations that restrict their

use for irrigated crop production and are suited to a wide range of crops,
especially those common to the Middle Rio Grande Region. The soils are

deep and of desirable texture, which combined with a favorable structure
makes them relatively easy to till; and under cultivation a good tilth can be
obtained if properly handled. They are sufficiently drained and free from

. toxic concentrations of soluble salts. The soils in this Group are naturally
productive and practically free of gravel and stones. The water holding
capacity is good, and consequently the amount of water required to produce
crops is not excessive. The surface of the land in this Group is level or
very gently sloping, which makes it susceptible to easy irrigation. There

is no accelerated erosion of any type on these lands, and they are not sub-
ject to overflow from arroyos which would tend to deposit detrimental material.
The productive capacity is high since they either have a high fertility level
or they respond well to fertilizer inputs. Permeability is generally mod-
erate,

Some of these soils have certain slight limitations which require more
careful management practices; however, in most cases these corrective manage-
ment practices are easy to apply. The smallest portion of the irrigated
acreage in the Region occurs as Group I. The largest portions of the Group 1
acreage occur in the Rio Grande Valley proper, generally as isolated tracts.
A relatively small percentage occur in the western portion of the Region in

the Bluewater-Grants area.

Group TT.
Soils in Group IT have certain moderate restrictions that reduce their

productive capabilities, require special management practices, or both. The

‘conservation and management practices required are usually more difficult to
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apply and maintain on these soils than on the Group I soils. These soils are
fairly well adapted to irrigated agriculture, but were classified in this
Group because their productive capabilities were somewhat limited for general
farming. These conditions are due to moderate amounts of alkali, unfavorable
soil characteristics, topography, erosion, or impeded drainage. Soils with
light~textured subsoils and sandy textures were included in this Group. The
amount of irrigation water required to produce crops is comparatively high as
these soils have a low water holding capacity. They require frequent and
light irrigations, and if water is not always available for these needed fre-
quent irrigations, crop failures are apt to result.

In some areas of the Region, part of the soils in this Group have limit~
ed use because of high water-tables and low permeability. Each distinctive
- kind of soil in Group II has one or more special managerial requirements for
successful use. This Group accounts for the largest portion of the irrigated

acreage in the region.

Group III,
The soils in productivity Group III have limitations which restrict

their use for agricultural production. The character and properties of the
soil itself were given the greatest consideration. Alkali was also an im-
portant factor in the classification of lands in this Group. In general,
however, alkali was usually associated with other limiting factors, such as
unfavorable soil characteristics and impeded drainage. Where alkali is the
only limiting factor, these lands can be improved to Group II by the leaching
out of excess salts under favorable water-table and drainage conditions.

This Group also included lands mapped as nonagricultural, but which were
being farmed. These soils include shallow, unproductive soils in areas subject
to overflow from arroyos, and very heavy, compact,and moderately impervious
clay soils which have a high content of salts and a rather high alkaline
reaction.

This Group includes about 38 percent of the irrigated cropland in the
Middle Rio Grande Region. They are located primarily along the river and
near the sides of the Valley in the Rio Grande Valley area, but are widespread

in the western part of the Region in the tributary areas, and account for a
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larger percentage of the irrigated cropland in the western area than in the
eastern Valley area of the Middle Rio Grande Region.

The above-described soil productivity groups and those described in
Tables A-1, A-2, and A-3, were defined for purposes of this study and are

not necessarily consistent with Soil Conservation Service classificatioms.
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