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DEMONSTRATION OF IRRIGATION RETURN FLOW SALINITY CONTROL
IN THE UPPER RIO GRANDE-~ANNUAL REPORT, YEAR | *

INTRODUCTI ON

The general objective of this demonstration project is to show the feasibility of alternative
water management practices on the quality of drainage return flow and soil salinity in the Upper
Rio Grande basin. The project consists of a 450-acre demonstration site, a four-acre test site,
and a hydrosalinity model. On the 450-acre demonstration site, a combination of present-day
irrigation techniques will be used to show how, through modern water management, the irrigation
return-flow quality and quantity can be improved. The feasibility of irrigating at or near 100
percent efficiency with water of medium salinity (1,200 ppm), while maintaining optimum crop yields
over a period of many years will be shown on a four-acre test site. The hydrosalinity model will
be tested for the Mesilla Valley conditions.

This report summarizes progress achieved from February 17; 1975 to February 16, 1976 on the
project plan of work (Appendix A). This interdisciplinary research effort in the first year en-
tailed primarily planning, construction of physical equipment, and monitoring farming practices
on the 450-acre demonstration farm located near La Mesa in the Mesilla Valley (Figure I). A
second major effort involved preliminary testing in the Mesilla Valley of a hydrosalinity model
developed by the Bureau of Reclamation for the Environmental Protection Agency. This model per-
mits prediction of the quality of irrigation return flow from a drainage basin. A third major
area in this research effort is to study the effect of irrigating at or near 100 percent efficiency.

GENERAL DESCRIPTION

The Mesilla Valley, an alluvial valley adjacent to the Rio Grande in southern New Mexico,
extends approximately 60 miles from Seldon Canyon to El Paso Canyon and has a maximum width of
about five miles. The valley encompasses about 100,000 acres. The major population center is Las
Cruces, New Mexico with El Paso, Texas immediately south of the area. The valley has fairly
Tevel topography with a relatively smooth alluvial floodplain ranging in width from a few hundred
feet to about five miles; it is bordered by steep bluffs 50 to 100 feet high, composed of loosely
cemented sand, silt, clay, and gravel. Recent alluvium about 100 feet thick forms the primary i
aquifer; it is underlain by basin fill deposits (Santa Fe Group) which also yield substantial
amounts of water.

The climate of the valley is predominantly semi-arid. It is characterized by c¢lear and sunny
days, large diurnal temperature ranges, low humidity, and scant rainfall. The mean annual precipi~
tation averages less than 10 inches, with a maximum of about 18 inches and a minimum of about three
inches. Most of the rain usually falls in summer when tropical air masses from the Gulf of Mexico
move over the area and cause thunderstorms. These showers are occasionally accompanied by hail,
which may severely damage crops. The high temperature and low humidity lead to rapid evaporation

of rainfall.

*principal contributors to this interdisciplinary annual report: Robert R. Lansford, Agricultural
Economist, NMSU; Peter J. Wierenga, Soil Physicist, NMSU; Lynn Gelhar, Hydrologist, NMIMT; Terry

A. Howell, Agricultural Engineer, NMSU; Charles M. Hohn, Extension Agricultural Engineer, NMSU;
Gene 0. Ott, Extension Farm Management Specialist, NMSU. Other investigators contributing to the
annual report: Bobby J. Creel, Agricultural Economist, NMSU; James B. Sisson, Soil Physicist, NMSU;
D. Mark Stilson, Agricultural Engineer, NMSU; Vijay P. Singh, Hydrologist, NMIMT; Charles E. Siepel,
Agricultural Economist, NMSU.



DEMONSTRATION FARM

Cooperative Agreements

A cooperative agreement was reached with Mr. Orlando Cervantes, manager of the J. F. Apodaca
Farms Co., Inc., for use of a part of their total operation as the demonstration site. Mr. Cervantes
and Project Coordinator, Robert Lansford, are shown in Photo 1 next to the sign marking the demon-
stration site. Arrangements have been reached for the construction of a weli (Photo 2) and two
trickle irrigation installations (Photos 3 and 4). One of these will be used on a small pecan
orchard, and the other, located on the east side of Field 3, will be used on vegetable crops
(Figure 2).

Agreements were also finalized on the installation of meters on all of the irrigation wells
(Photo 5), piezometers (Photos 6 and 7) to monitor groundwater fluctuations, water-stage recorders
(Photo 8) to monitor open-drain quantity sites and to measure open-channel seepage (Photo 9).
These areas have been selected to record water-delivery efficiencies of lines and open channels.
In addition to the collection of the return flow data, the menitoring of farming operations will
be continued.

The crops by field and approximate acreage of each for 1975 are presented in Figure 2 and
Table 1. The primary crops on the demonstration farm in 1975 were long green chile (124,2 acres),
cotton (102.5 acres), tomatoes {74 acres), and alfalfa (69.4 acres). These four crops accounted
for 83 percent of the total cropland. The remaining crop acreage consisted of pecans, wheat,
Floral Gem chile, corn for silage, and lettuce. Due to adverse weather conditions, stands on
Field 5 (Floral Gem chile), Field 7 (Cayenne chile), and half of Field & (chile 6-li) were so
poor that they were abandoned. Later in the year, part of Field 7 was planted to lettuce, and
part of the abandoned portion of Field 6 was planted to corn.

Table 1. Crops and acreage, by field, demonstration farm, 1975
Number
Number of Acres Crop Generic Name
1 3.2 Pecans Carya illinoensis; var 'Western Schley'
2 13.9 Wheat/Stubble Triticum durum
3 74.0 Tomatoes Lycopersicom esculentum; var 'VF 279'
4 69.1 Upland Cotton Gossypium hirsutum
5 19.7 'Floral Gem' Chile Capsicum annuum
6 19.0 Chile '6-4" Capsicum annuum
7 ho.7 Cayenne Chile Capsicum_annuum
8 33.4 Upland Cotton Gossypium hirsutum
9 26.4 Chile '6-4' CaEsicum.ammuum
10 69.4 Alfalfa Medicago sativa; var 'Mesilla'
1 62.0 Chile '6-4' Capsicum _annuum
12 _16.8 Chile '6-4' Capsicum annuum
Total 447.6
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Planning and Construction

Selection of Sites
Sampling sites were selected for monitoring the La Mesa Drain and for testing seepage from

two irrigation canals and one irrigation lateral (Figure 3). Irrigation canal site | was an
unlined ditch while approximately one-half of site 2 was concrete lined. Water meters were in-
stalled on Wells 2, 3, 4, and 5, as shown in Figure 3.

Also shown in Figure 3 are the well site for the trickle irrigation systems and the two
trickie demonstration areas. Field 1 and six rows (3,618 feet in total length) in Field 2 will
be used to study trickle irrigation of pecans and vegetables.

These two demonstration areas are within 700 feet of each other, so only one irrigation well
was drilled and the water was piped to the areas. Permission was obtained from the Bureau of

Reclamation to cross the upper Chamberino lateral.

Construction

Metering System. Metering irrigation water taken from the surface water system (Elephant
Butte Irrigation District) has posed some problems. Several culverts with propeller meters to
monitor the delivery of irrigation water were installed, but these meters became plugged with
sediment and debris. Requirements were then re-evaluated, and it was decided to construct and
install sheet metal flumes, of the Parshall type, for metering surface irrigation water. These
flumes will be equipped with water-level recorders to measure the head of water on the flumes.
A bid was let and has been accepted for construction on the flumes and construction is currently
underway. Proposed location of each flume is shown in Figure 4. From these selected locations,
all surface water entering the farm can be monitored. The installation and calibration of these
flumes should be completed during the first quarter of the second year.

Trickle Irrigation System. An irrigation well was completed during July 1975 to provide water

for the trickle irrigation system. Appendix B gives the geologic data and well log, respectively.
The well screen was located at 248 feet below the soil surface. An analysis of a water sample
taken from the well follows:

57
.89
JT7h

Electrical conductivity mmhos/cm 0O

pH 7

Ca {meq/liter) 1

Mg {(meg/liter) 0.79
Na {meq/liter) 3.13
K {meq/liter) 0.28
CL {meq/liter) 1.28
€07 (meq/liter) 0.0
HCD, (meq/1iter) 3.36
S0y, (meq/1iter) 1.28
NO3 {(ppm) 2.22
SA 2.78

The water was classified as €2-S1, which is very good quality for irrigation or domestic
use, Installation of the fully automatic trickle irriation system was begun in October 1975 and
completed after a delay because the mainline had to cross an irrigation canal (the canal was not
dry until the end of October). Each lateral has a pressure regulator to maintain precise pressure
control on the line. The system provides excellent demonstration potential since there are several
lateral sizes ranging from one-half inch to one inch and lengths varying from 200 feet to 1,000 feet.
This wide range in pipe sizes and lateral lengths will be useful in demonstrating the hydraulic

principles applying to drip or trickle irrigation.



Piezometers. Figure 4 shows the location of the piezometers which were installed on August
10, 1975. The piezometers were installed to measure water-table changes. All piezometers are

read weekly and records are presented in Appendix C.

Monitoring

Brains
The flow data for the La Mesa drain are presented in Appendix D. The drain flow at each gaging

station was recorded each week and samples were analyzed in the NMSU soils and water laboratory.

Mells
Natural gas consumption and water volume pumped for each well on the demonstration farm are

shown in Appendix E. Also shown in Appendix E are curves relating fuel consumption to gallons

pumped for pumps on Wells 3 and 5. Wells | and 2 are hooked to the same gas meter. The gas and

water meters were read weekly.

Climatological Data

Climatological data (solar radiation, air temperature, dew point temperature, wind speed, and

pan evaporation) were measured at the NMSU Plant Science Center and are presented in Aﬁpendix F.

Irrigation Scheduling

Irrigation scheduling has been monitored since May 5, 1975. The data from each irrigation
are recorded by field numbers. Irrigation quantity was estimated from current meter readings and

flow duration. The dates and amounts of irrigation for each field are presented in Appendix G.

Inventory of Machinery, Equipment, and {rrigation Wells

The inventory of all machinery and equipment used in the farming operations of the J. F. Apodaca
Farms, Inc. has been completed and is included in Appendix H. This inventory includes size of imple~
ment, estimated cost new, estimated replacement cost, fuel and oil, operating and repair cost, hours
used annually, expected life, depreciation, and taxes, housing, insurance, and interest (THil). The
quantity of machinery would normally appear to be excessive due to the size of the actual demon-
stration area of 447.6 acres, but over three years, it is believed that all this equipment will

be used on the area at one time or another.

Current Cultural Practices and Timing of Operations

A preliminary schedule of the cultural practices involved in each field crop has been derived
along with the timing requirements of each of these practices. Due to the variations in the cultural
practices for various crops, no single schedule was developed.

Preliminary costs-and-return enterprise budgets have been completed for the past cropping season.
However, the specific operations and time requirements are included as an integral part of each pre-
liminary budget.

The machinery and equipment used in 1975 are represented in the preliminary crop budgets under
pre-harvest and harvest operations in the form of "hours used" and ''cost per acre.'! Preliminary
cost-and-return enterprise budgets are presented in Appendix | for wheat, cotton, alfalfa, tomatoes,
chile, lettuce, and corn for silage for 1975. These budgets are being finalized to provide a base
from which to operate for thebduration of the project. Once finalized, these budgets will consist
of the purchased inputs, labor, fuel and repairs, and depreciation, insurance, and shelter for each

field crop.
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Information Dissemination

Since the start of the project, C. M. Hohn, Extension Agricultural Engineer, and Gene Ott,
Extension Farm Management Specialist, have regularly obtained photographs of the farming opera-
tions at the demonstration farm site. These photos, showing the various stages of crop produc-
tion, will be used at the end of the project to show the benefits to the local economy (Photo 10).

In addition, during the past season, Farm Management Specialist Ott consulted with Manager
Cervantes on the economic impact of changing irrigation techniques on the net return to the
farm (Photo 11)}.

Although the project was only in its first year of operation, numerous farm groups and
individuals, including several foreign leaders (Photo 12), viewed the demonstration project.

Information dissemination continued through the press (see clippings in Appendix J)} and
radio. A radio tape prepared by Gene Ott and NMSU Associate Agricultural Editor Neil Stueven
on the project's progress was distributed throughout the state. In February, a story directed
at agricultural producers was sent to farm magazines in the Southwest. The continuation of
these procedures should insure a wide distribution of the Environmental Protection Agency

efforts to aid the farmers toward a more productive agriculture.

HYDROSALINITY MODEL SUPPORT

Obtaining Soils Maps

A soil survey of the Mesilla Valley was recently compiled by personnel of the Soil Conserva-
tion Service field office in Las Cruces. The survey is scheduled for publication in approximately
10 years, but detailed soils maps are completed and have been reproduced. Once the number of maps
for the Mesilla Valley is known reproductions will be obtained.

Soil Chemical and Physical Data

Existing soil physical and chemical data for five soil series {obtained on soil samples taken
from field plots at the New Mexico Plant and Soil Science Research Station) have been forwarded to
Socorro for incorporation into the hydrosalinity model. ’

It was found that the Las Cruces SCS office did not have adequate chemical data for the soil
series mapped, so the major soil-mapping units were sampled with the support of the SCS field office.
The soils series sampled were the:

Armijo clay

Belen clay

Harkey loam

Glendale silty clay loam
Harkey fine sandy loam
Maricopa loam

Anthony-Vinton loam

Brazito very fine sandy loam

The results of the analysis will be available for incorporation into the hydrosalinity model in
early 1976.
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Cropping Patterns for the Mesilla Valley

A preliminary historical cropping pattern (1947-1974) has been developed from Bureau of
Reclamation and other records and forwarded to Socorro for incorporation into the hydrosalinity
model. When more information is available, the cropping pattern will be sub-divided into an
appropriate nodal configuration. The historic cropping pattern is presented in Appendix K.

Aerial photographs of the Mesilla Valley have been obtained from the Agricultural Stabiliza-
tion and Conservation Service (ASCS). These photographs will be used to develop detailed cropping
patterns for 1976~1977 for use in the hydrosalinity model, by nodes, for the Mesilla Valley.

HYDROSALINITY MODELING

The objective of this portion of the study is to implement and test a computer-based mathe-
matical model of irrigation-related water quality in the Mesills Valley. The model, which was
developed by the U. S. Bureau of Reclamation (1975b) for the Environmental Protection Agency, can
represent a general water and mass balance for a river basin or portion thereof. The model in-
cludes components which simulate surface and groundwater reservoirs, diversions to meet irriga-
tion needs and other uses, irrigation return flows, and chemical transformations in the soil.
Several nodes can be used to simulate the conditions in different segments of a basin., The model
would be classified as a multi-cell lumped parameter model. Input data on water use, surface and
groundwater quality, and streamflows and diversions are required to operate the model.

A review of the literature on irrigation return-flow modeling was an integral part of this
effort. Much emphasis in irrigation return-flow modeling has been on the flow and chemical
characteristics in the near-surface unsaturated zone above the water table. Hornsby (1973)
reviews modeling techniques which have been applied to predict the quality of irrigation
return flows. Examples of recent computer-based models of moisture and salt transport in
soils include King and Hanks (1973) and butt, Shaffer, and Moore (1972). The latter represents
chemical equilibrium of major ions and a kinetic approach to the nitrogen cycle in the soil.

The soil chemistry portion of the USBR model which is being used in the current study is an
outgrowth of that model.

When one considers the large volumes of water in groundwater storage, it is evident that
aquifers underlying irrigated areas can play a central role in irrigation return-flow quality,
At a recent workshop on irrigation return-flow modeling, Walker (1975) noted the need for im-
proved information on groundwater behavior. Several recent modeling studies have emphasized
the groundwater flow in salinity models, (Maddaus and Aaronson 1972; Lyons and Stewart, 1973;
Konikow and Bredehoeft, 1974; and Hassan et. al., 1974); these models all represent two-dimen-
sional horizontal flow with total dissolved solids taken as a conservative solute. In contrast,
the Bureau of Reclamation (Shaffer, Ribbens and Huntley, 1975) consider two-dimensional ground-
water flow in a vertical plane and chemical equilibrium for major ions. Gupta, Tanj1 and Luthin
(1975) have developed a three-dimensional groundwater flow and quality model assuming conserva-
tive solute. Lumped parameter groundwater flow and quality models have been used by Gelhar
and Wilson (1974) and Mercando (1976); these models are similar to the structure implicit in
the groundwater portion of the USBR-EPA model being used in the current study.

Described in the following sections are the activities relating to the implementation and
evaluation of the USBR-EPA model for the Mesilla Valley. Included are a summary of the model
structure and documentation of the program revisions required to operate the program on an |BM

system. The testing of the model for the Vernal case study is outlined and the model setup for

13



the Mesilla Valley is then developed. Results of preliminary simulations for the Mesilla Valley
are presented. The existing data base and the current sampling program are described., Features
of the consumptive use estimates and some initial analysis of aquifer properties are discussed.
Finally, the major results are summarized, especially as related to expected direction of the

work during the next year.

Model Implementation

Model Structure

The USBR model represents an irrigated area by a series of small subunits, each of which is
called a node. The number of nodes depends on the physical features of the study area, the
availability of data, and the number of points at which the model response is desired within the
area. The model structure is based on water balance for a given time interval which is computed
and maintained for each node. The transfer of water between river and aquifer may be essential
to maintain this balance. A soil column is included to simulate the chemical exchange between
soil and water as water percolates down through the soil column. The mode] allows the mixing
of one water with another, and computes the chemical quality of the mixed waters in proportion
to the volumes mixed. Thus a chemical mass balance is simultaneously maintained. A}l these
computations are performed for one node at a time and progress from the upstream to the down-
stream nodes.

A node includes simulation of several features as shown in Figure 5. These are: simulation
of magnitude and quality of river flow, diversion to meet the irrigation demand, water transfer
between river and aquifer, irrigation return flows directly to the aquifer, through the soil to
the aquifer, and to the river. The river flow at the start of nodal operation is a known quantity,
a portion of which is diverted to meet the irrigation demand. The irrigation return flow is then
computed by subtracting the crop consumptive use from the irrigation demand. The chemical quality
of mixed waters is computed at each point. At the end of nodal operation, the baiance of inflow
to and outflow from the river is determined. |f the river flow is in excess of that observed, the
additional water is transferred to the aquifer; if the river flow is in deficit, water is with-
drawn from the aquifer to maintain the balance. |In the model operation no consideration is given
to spatial variability of hydrologic variables within a node. Hydraulic properties of soil and
aquifer are not considered.

The input data needed to operate the model include irrigation demand, crop consumptive use,
diversion, river water quality, initial aquifer water storage and chemical quality, soil moisture

content and its chemical quality, and precipitation,

Model Revision

The revision of the model from its original version to the present Fortran version consisted
of the following changes:

a. The subroutines PWROPR, RESOPR and DTABLE, describing the operation of surface reservoir
and power plant, were deleted, for they are not needed in either the Vernal case study or Mesilla
Valley study. Necessary changes, as a result of the deletion of these subroutines, were made in the
subroutine PERUSE.

b. Originally, the computer program for the model was written for a Control Data Corporation
computing system. To make the program compatible with an IBM 360-44 system, three types of changes
were made:

(1} Definition of variables and arrays--Several variables and arrays were defined by

14



CONSUMPTIVE
USE

DIVERSION PUMPING

IRRIGATED
AREA

RETURY FLOW

RIVER

SOIL
COLUMN

- AQUIFER

l

Tigure 5. Schematic flow chart showing the features
simulated in each node of the model.

Hollerith having more than four-character word length (e.g., A6, AB, etc). Because of smaller
word length available on IBM 360-44, a provision was made to accommodate such variables and
arrays.

Some data arrays were part alphanumeric (more than four character) and part real
variable. These data arrays were changed so that they could be accommodated on an IBM 360-hk.

(2) Format statements--The original program used R~FORMAT to define a number of variables.
These variables were redefined by nonexecutable statements (e.g., integer or real statements). The
Hollerith format statements involving A;, i > 4 (e.g., A6, A8, etc.) were changed,

(3) Dimension statements--The dimension of the arrays containing 20 nodes was changed to
five nodes, since we do not propose to use more than five nodes in our study. This reduced the
computer storage space and made the program more efficient, Necessary changes, as a result of
this change, were made within the body of the computer program.

The revised computer program is given in Appendix L with all the program changes identified.
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Test of the Model for the Vernal Case Study

With the revisions made and changes incorporated, it was necessary to test the model and see
whether it would reproduce the previous results. The model results for an irrigated area near
Vernal, Utah (USBR, 1975, Vol. I) were used in this evaluation. An attempt was then made to test
the model both with and without soil column for the period April 1971 through October 1972. It
was found that the model, in the existing form, would not reproduce the results provided by the
USBR. The reason for the discrepancy was that the model did not allow an internodal transfer of
water from the upstream aquifer to the downstream aguifer. When this provision was made in the
computer program, the model produced results practically identical to the USBR results. Much
difficulty was experienced in testing the model because of the lack of sampie input data set-up

and a sample problenm.

Preliminary Simulation for the Mesilla Valley

The objectives of these simulations are to determine what model structure is suitable for the
Mesilla Valley and to test the sensitivity of the model results to input data. The model was
implemented with existing field data for the period June 1967 to June 1968. A complete set of
groundwater data was available at the beginning of this period.

The Leasburg and Mesilla Dam, the two major water diversions in the Mesilla Valley, form
natural nodes for the model. The quantity and chemical quality of flow in these diversions are
observed. Therefore, two nodes were used to represent the Mesilla Valley as shown in Figure 6.
Each node includes several operational features as shown in Figure 7. The nodal configuration
and its subsequent operation are best described by a sequence of operations that actually occur.
Each operation is assigned a sequence number in the order that it takes place (see Figure 7).

In the assignment of sequence numbers, a positive number is assigned to inflow and a negative
number to outflow or diversion. The configuration of operations in node 1 is about the same as
in node 2 so only node 1 is explained here (see Figure 7).

At the upstream end of node 1 the flow in the Rio Grande is observed. The portion of this
riverfiow diverted at Leasburg is also observed. The river flow remaining after diversion is
then computed; this quantity of flow is not available for irrigation use within node 1 and there-
fore is diverted from the node through sequence 1. The irrigation demand for crops in the area
is computed independently, using the program EVPCOM and the overall irrigation efficiency. If
the amount of surface water diversion is not sufficient to meet the demand, additional water is
pumped from the aquifer. This feature was not available in the model input data set-up for the
Vernal study. Originally, the model would satisfy the demand either entirely by surface water
or groundwater. This feature, not included in the model through the input data, is more realistic
because both groundwater and surface water are used to meet the demand. However, no changes
were made in the program as a consequence of this added feature. Then the return flow, the dif-
ference between the demand and the consumptive use, takes place. A part of this return flow will
go to the river and a part to the aquifer through the soil. Once the return flow mixes with
river flow (after diversion) the chemical quality of river flow is updated; this river flow
is identified as the predicted river flow. At the downstream end of the node, the river flow, a
combination of the flows from El Paso carriage and waste, Del Rio drain, and the Rio Grande at
Mesilla dam, is observed. A comparison is made between this observed flow and the predicted
river flow to establish the required water transfer between river and aquifer. If the predicted
flow is higher than the observed flow, the mode! forces a transfer of water from river to aquifer.
If the predicted flow is lower than the observed flow, a transfer of water from aquifer to river

is required. This exchange mechanism is essential to accomplish the hydrologic balance. When
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the exchange is made, the chemical quality of flow is updated simultaneously. Finally, at the
end of nodal operation, the model yields flow and its chemical quality.

The monthly input data used to operate the model include: observed river flow at the up-
stream end of the node and its chemistry, the amount of water diverted at Leasburg, crop consump=
tive use and irrigation efficiency, data on percentage of return flow going to river and to aquifer,
initial aquifer water storage and chemical quality, and observed river flow at the downstream end
of the node including flows to and from El Paso carriage and waste, Del Rio drain, and Rio Grande
at Mesilla dam, and soil chemistry.

With the input data and the described operational procedure, the model was operated to simulate
the monthly response of the Mesilla Valley system. The model response for both nodes in terms of
TDS (total dissolved salts) in ppm from July 1967 through June 1968 is shown in Figure 8. The
transfer of water between the aquifer and the river is also shown. The observed and predicted TDS
differed greatly, especially in node 2; however, the differences are comparable to those found in
the Vernal verification study for node 3 (USBR, 1975, Vol. I). The model definitely does not
reproduce the observed time history of TDS variation; this same type of discrepancy was found
in previous applications of the model. From Figure 8, it is evident that large discrepancies
occur when large transfers of water from the aquifer are being forced by the water-balance feature
of the model. We suspect that the discrepancies are produced primarily by the transfer of high
salinity water from the aguifer to the river. Considering the aquifer parameters, it is difficult
to justify water transfers of up to 20,000 acre-feet/month. Model improvements which related the
stream-aquifer interaction to the aquifer properties and aquifer water level will be considered
in the next year. The input data and a typical output for one month for the Mesilla Valley simulation
are given in Appendix M.

The effects of the chemical changes in the soil were also tested in the preliminary runs.
Initially, the soil chemistry data for the Vernal study were used to test the functioning of the
subroutine SOILCO, The chemical transformations in the soil introduce only very minor changes.

We have also made some runs using the preliminary soils data for the Mesilla Valley. These data
had very little effect, as is illustrated in Figure 8.

The consumptive use estimates which were used in these preliminary simulations are probably
somewhat high, as is discussed in a later section. A relatively high irrigation efficiency of
75 percent was also assumed, so that the actual irrigation requirement is more reasonable. Our
experience has shown that the model is guite sensitive to consumptive use and irrigation efficiency.

These factors will require careful evaluation in the coming year.

Data Base and Analysis

Existing Date Base

Surface water data for the Mesilla Valley during the last 50 years are extensive, as can be
seen from Table 2; data sites are shown on Figure 6. Long-term records of flow rate are available
for most parts of the Mesilla Valley, exceﬁt for the Rio Grande at the Mesilla dam. The latter
information would be useful as a water balance check point for node 1, but the data are not required
to operate the model. The data on chemical quality are fairly complete for the Rio Grande at the
t.easburg dam and at E1 Paso. A fair portion of the water quality data is either in the form of
electrical conductivity or total dissolved solids. The main drains {(Selden, Picacho, Del Rio, La
Mesa, East, and Montoya) have a long record of fiow rates but a short record of water quality
(this is usually either electrical conductivity or total dissolved solids). Irrigation diversions

(Leasburg, East $ide, and West Side canals) have excellent long-term flow-rate records but no
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chemical records. It is assumed that the Leasburg canal chemical quality is the same as that

of the Rio Grande at the Leasburg dam and the East Side and West Side. Canal chemistries are

the same as that of the Rio Grande at the Mesilla dam. Agencies that have provided or helped

to provide surface water data are the Bureau of Reclamation and the international Boundary and
Water Commission, both at E] Paso, Texas. Wilcox (1968) and Scofield (1938) were also sources
of useful surface water data.

The groundwater data are less complete than the surface water data. The only fong~term
month-by-month measurements of water levels are done by the Bureau of Reclamation in Las Cruces,
New Mexico. They measure water levels in 40 observation wells. The chemical quality of these
well waters was measured only once, during late May and early June 1967 (Basler and Alary, 1968).
Otherwise the records of groundwater levels and quality are sporadic. Either the well data are
not well distributed throughout the valley for any given month or any given well does not have a
tong continuous month-by-month or year-by-year record. Water level and quality data were obtained
from the U. S. Geological Survey branch offices in Las Cruces, New Mexico, and El Paso, Texas,
the El Paso Water Utilities Public Service Board in E1 Paso, Texas, and from the following publica-
tions: Basler and Alary {1968), Conover (1954}, Judson (1964-1973), Leggat, Lowery, and Hood (1962),
King, Hawley, Taylor, and Wilson (1969, 1971), and Richardson (1971).

Estimation of Crop Consumptive Use

The consumptive use of crops in the Mesilla Valley is estimated by the modified Jensen-Haise
method (Jensen, Roble and Franzoy, 1970) with the program EVPCOM prepared by the U. S, Bureau of
Reclamation (1974). This method first evaluates potential evapotranspiration from air temperature
and solar radiation data. By multiplying potential evapotranspiration by a crop coefficient, a
specific estimate of evapotranspiration is obtained, and this is the estimated crop consumptive use.
The crop coefficient not only varies from one crop to another but also varies for the same crop
with the stage of its growth. One modification made in the program was that the crop coefficient
was set to zero for the non-growing season; originally a value of 0.15 was used for that period.

The temperature and solar radiation data used in computing the consumptive use are from a climato-
logical station at El Paso. The crop consumptive use computed by the Jensen-Haise method for the
Mesilla Valley is shown in Table 3. These results are much higher than the commonly accepted esti-
mate of around two feet per year based on the Blaney-Criddie equation (Henderson and Sorensen, 1968;
Lansford et. al., 1973). Since the Jensen-Haise method is based on temperature and solar radiation
input data from El Paso, it might appear that use of these data to represent the entire valley might
cause this difference. Preliminary comparisons with air temperature and solar radiation at Las Cruces
from March to October 1973 show only minor differences from the data for El Paso. These differences
definitely do not explain the high consumptive use obtained with the Jensen-Haise method. All cal-
culations were carefully checked for error. Furthermore, a few sample calculations were made for
June and November 1973 with data for the Elephant Butte !rrigation District (USBR, 1974). These
Jansen~Haise estimates of evapotranspiration were also higher than those usually reported. The
Jensen-Haise method was used by the USBR (1974) for these data, and they found lower values than

we obtained. For those results, the implicit values of the parameters which were used in the
Jensen-Haise equation are drastically different than those given by Jensen, Roble and Franzoy

{1970) and used in the EVPCOM program. Obviously the method of estimating consumptive use will
require thorough re-evaluation using lysimeter data and actual soil-moisture observations (USBR,

1974). Considering the highly empirical nature of the Jensen-Haise method, it may be appropriate
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Table 3. Crop consumptive use (acre-feet/acre) Mesilla Valley based on
the Jensen-Haise method for computing evapotranspiration, using
daily mean temperature and solar radiation for El Paso, Texas

1967 1968

JAN .008 .008

FEB .006 .007

MAR 146 .036

APR .218 .168

MAY .326 .328

JUN .374 .362

JUL 709 .639

AuG 770 .759

SEP .664 .632

0cT .452 457

NOV .001 .106

DEC .001 .001

TOT EVAP 3.675 3.503
TOT CROPPED ACRES 74662. 82820.

to calibrate the simpler Blaney~Criddle method which requires only monthly temperature. This
method could then by used to estimate consumptive use in the period prior to 1952 when solar

radiation data are lacking.

Sampling Program

The current sampling program emphasizes groundwater quality. Water samples are taken from
at least 25 shallow two-inch diameter observation wells which are maintained by the USBR or the
USGS; locations of these wells are shown in Figure 6. The wells are sampled using a one-pint
bailer and are bailed at least 20 times before a sample is taken to assure that aquifer water is
being obtained. A small sampling pump which operates on a 12-volt auto electrical system has
also been used in sampling some wells. This system has been unreliable because of leaks in the
suction lines. Improvements in the check valve are planned. Water levels are measured in each
well before it is bailed. Electrical conductivity and temperature are measured in the field.

Surface water samples are obtained at 10 locations as shown in Figure 6; electrical conduc-
tivity and temperature are measured on site. The water samples are analyzed by the soil and
water testing lab at NMSU; laboratory analyses inciude conductivity, pH, Mg, Na, K, Ca, CI,
HCO3, CO3, and S0y. A few check sampies are also analyzed at the water chemical: laboratory of
the Bureau of Mines and Mineral Resources at New Mexico Tech. Some systematic differences
(up to 20 percent) between some of the analyses of individual ions from the two laboratories
have been found. Additional.check analyses are planned, and on-site measurements of pH, HCO3

and possibly dissolved COZ will be used to improve the chemical analyses.
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There were two on-going studies which will compliment the data base for the current broject.
A USGS study, directed by C. A. Wilson at Las Cruces, is providing new field information on
groundwater conditions, especially in the Santa Fe formation which underlies the shallow alluvial
aquifer. The work involves drilling, geophysical logging, test pumping, and water-quality sampling
for several wells a few thousand feet in depth. The results will be helpful in estimating the
depth of the alluvial aquifer and the interchange of water between the shallow and deep aquifers.
Another study sponsored by the U. S. Bureau of Reclamation and directed by Dr. John W. Hernandez
at NMSU includes monitoring of surface water quality at 15 locations on drains and the river in
the Mesilla Valley. This project involved sampling at five times during 1975; complete water

analyses included trace metals, pesticides, oxygen demand, and colijform bacteria.

Data Analysis

The Theissen polygon method was used to estimate the initial values of aquifer volume and the
average chemical quality for each node. This method was chosen because it yields fixed weighting
factors for a given configuration of wells. A description of the method is found in Linsley,
Kohier, and Pauihus (1975). The data for the aquifer initial chemical conditions came from the
Basler and Alary (1968) report. They obtained this data during late May and early June 1967,
from 40 U. S. Bureau of Reclamation observation wells located in the Mesilla Valley. Since this
report contained the only comprehensive set of chemical analyses for the entire valley, it was
chosen for the determination of aquifer initial conditions.

The initial storage in the alluvial aquifer was estimated, using the observed depth to water
in the observation wells weighted according to the factors determined from the Theissen polygons.
The base of the alluvial aquifer was taken to be 80 feet below the ground surface and a specific
yield of 20 percent was used to calculate the storage in the aquifer. Figure 9 shows a water
table contour map prepared from the observed water levels for May to June 1967; maps of this
type are also being used to estimate the volume of water in the aquifer. Maps showing concentra-
tion contours will be used to obtain another estimate of the average concentration in the aquifer.
Figure 10 shows iso-concentration of dissolved solid for the Basler and Alary (1968) data, and
illustrates the high degree of spatial variability which is typical of groundwater quality data.

The transmissivity of the shallow alluvial aquifer is an important parameter which controls
the stream-aquifer interaction. The transmissivity can be estimated from base flow recession
curves for drains which collect groundwater. Figure 11 illustrates a typical recession curve
which shows an exponential decrease in flow after the irrigation season. The annual pattern of
water level fluctuations in a nearby observation well (Figure 11) parallels that of the drain
flow, thus indicating that the flow recession is directly related to leakage of water from the
aquifer. Using the slope of recession curve in a development by Gelhar and Wilson (1974) (Eq. 15),
we have estimated the transmissivity to be 5,000 thlday if the average drain spacing is 4,000
feet and the specific yields are 0.20. This compares with a transmissivity 15,000 ftz/day found
by Conover (1954) from pumping test; the difference is probably related to the local convergence
of the flow near the drains. Our value is more appropriate for purposes of estimating flow from
the aquifer to the surface water. Data collected by the USGS on the drawdown in irrigation wells
will also be used to estimate transmissivity from the specific capacity of the wells. The infor-
mation on transmissivity will be important when we modify the model to provide for a more realistic

aquifer-river exchange mechanism.
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Summary and Plans

The experience with the USBR-EPA simulation model demonstrates the difficulty of routine
application of large and complex computer-programs even when the model is designed to be general
and flexible. This model is actually computer- and site-specific; a new subroutine must be
prepared for each application and this requires substantial knowledge of the logic of the entire
program.

The preliminary simulation results for the Mesilla Valley indicate a need to improve the
input data and model structure. Several sensitivity analyses will be conducted with the model
in its current preliminary form; the effects of water use, soil chemistry, and groundwater-
surface water transfers are of special interest. The scheme currently used in the model to
transfer water between the aquifer and the stream may be physically unrealistic in that it is
independent of aquifer properties and water level. Improvements which relate the stream-aquifer
interaction to aquifer properties and water level (see Gelhar and Wilson, 1974) will be incorporated
after the model has been tested in its current form. Baseflow recession and well drawdown data
will be used to estimate the required aquifer parameters.

The consumptive use estimates from the USBR EVPCOM program will require careful re-evaluation.
The current results, which are based on the well established Jensen-Haise equation, are substantially
higher than commonly accepted values for the area. Lysimeter data and results from current water-
use studies will be used in this evaluation.

Generally the existing data base will provide adequate input for some long-term simulations
beginning as much as 50 years ago. Even though approximate, these simulations can provide important
insight on the long-term changes of irrigation return-flow quality. Data on groundwater quality
and pumpage are very limited; no continuous long-term groundwater-quality records have been located,
and systematic pumpage information is lacking. The current USGS study on groundwater resources of
the valley may provide some data on pumpage which should be useful in testing the groundwater trans-
fer in the models. The emphasis of our current sampling program is on groundwater gquality., We
are planning to maintain the same sampling network and improve the analysis procedures by using

field analyses for some of the jons.
FIELD PLOT DEMONSTRATION

Among the goals of this segment of the project are to provide estimates of parameters required
to estimate evapotranspiration from climatological data (for input into an areal hydrosalinity
model of the Mesilla Valley}; collect, report, and interpret soil-salinity data from under several
irrigation management schemes; monitor and report the salinity levels of a nest of test wells
on the research area; monitor and report flow rates and water quality of the Del Rio drain at
two locations; and provide soils data and interpretation for the hydrosalinity model.

The original plan for cropping sequence was to seed spring wheat February 1975; follow it
with a short-season grain sorghum (June 1975-October 1975); then proceed with a spring barley
{November-April); cotton (May-November) rotation for the remainder of the project. This intense
rotation should allow for better plant disease and pest control and provide more irrigation cycles

{faster soil-salinity profile development).
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Spring Wheat, Water Use and Yield

The Mexican spring wheat cultivar, Cajame, was seeded with one-row planters by hand February
18, 1975, at a rate of 143 seeds/m2 (13.3 seeds/ft. of row, at a row spacing of 12 in). The
seed]ings emerged March 8. The plots were fertilized April 15 by hand broadcasting 112 kg/ha
of N, 224 ka/ha of PZOS‘ The wheat headed May 16 and was harvested June 24.

The following data were taken: (1) heads/ha; (2) seed index (wt of 1,000 seeds); (3) dry
matter (air-dry); (4) seeds/head; (5) consumptive use from neutron readings; (6) irrigation water
applied; and (7) rainfall (0.74 cm total for season ) (see Appendix N).

Two methods were used to estimate the wheat's water use, the ''neutron method'" and the ''budget
method.! The neutron method consisted of estimating a smooth curve through soil-water depletion
data (obtained from neutron readings taken twice weekly). Using the smooth curve as an overlay,
neutron data were extrapolated to the days of irrigation to estimate both the initial water in the
profile and the total amount remaining in the profile after irrigation. An example of this inter-
polation-extrapolation technique is shown in Figure 12, Also shown in Figure 12 is the actual
amount of irrigation water applied. The differences between the amount applied and the neutron
accountable water are great. Under the budget method, crop water use was estimated as total
water applied and the change in soil water storage (from neutron probe data). The estimates ob-
tained with the "budget method'' and the “neutron method'' are presented in Table 4.

Water use estimates obtained with the two methods were statistically compared with simple
linear regression. With the budget method as the dependent variable, this resulted in the
following regression equation:

Budget method = 1.30 + 1.54 x (neutron method)
r2 = 0.72,
F(l,zk) value = 62.1, and a standard error of the estimate = 4.7,

These regression results hint at a systematic error of some type. it may be that having
the neutron pipe at the same point for four consecutive seasons may have resulted in compaction
and/or reduced infiltration in the immediate vicinity of the neutron pipe. Whatever the source
of the discrepancy, it does not appear to be random.

A high degree of positive intercorrelation among the yield components was found, and what-
ever increased one tended to increase the others {see Appendix N). The positive correlation
coefficients were believed to be partially attributable to (1) early spring winds that drove
sand across the plots and damaged the wheat seedlings, and (2) water standing on the plots after
irrigation for more than just a few hours that appeared to reduce tillering (heads formed/ha)
appreciably. The less the plant stress, the higher were all the yield components.

Water-use estimates obtained by the budget method regressed against grain yield resulted
in the folliowing predictive equation:

Budget method = 26.5 + 0.011 (yield kg/ha)
r2 = 0.50,
Fr,26 = 8-7

These results indicate that increasing yield by 1,000 kg/ha would require 11 em of irrigation

water. Whereas when water use by the neutron method was regressed against grain yields resulted in:
Neutron method = 19.77 + 0.0047 (yield ka/ha)
r? = 0.29,
F(l,Zh) = 9.93

for a water-use predictive equation.
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Table 4. 1975 Cajame spring wheat and soil-water data

Plot b e a e Neutron Dry Grain
No. Start End Applied Neutron Use usef Matter Yield

""""""""""""" (em)- - - - — -~ - o (kg/ha) (kg/ha)
1 32 23.73 21,86 11.2 30.13 19.47 31690 976
2 33.44 24, 01 27.76 i4.8 37.18 24,2 3300 836
3 37.14 28,75 35,85 18.8 L, 24 27.18 n749 14380
3 38,186 34,25 52,83 25,4 56.74 29,31 5310 1750
6 39.5% 28.51 37.3 15.9 g .34 26,94 5920 2310
7 35.05 14,77 24,6 13.9 4,88 34.18 2660 650
8 37.5 29.15 33.73 17.8 42,08 26.15 4200 1160
9 46,12 86.5 34.5 15 Lty .12 24,62 5460 1880
10 39,8 u1,24 $3.92 31.3 52,48 29.86 8100 1750
11 31,4 26,58 38.94 20.8 43,78 25.64 4380 1380
12 35,86 30 24,23 13.3 30.1¢ 19.26 3020 790
13 38.32 31.97 35.69 149.6 42,04 25.95 44290 1360
Y4 38,75 36.5 56,88 27.6 59.12 29,85 6530 2170
15 34,26 35 57.08 31.3 56,31 30.56 6330 2470
16 33.5 28.57 34,99 20,3 39,92 25.23 4740 1630
17 35,248 28,05 38.96 22,1 45,19 28,33 4380 1360
18 37.76 28.5 24,38 13.6 33.64 22.86 3230 950
19 6.6 32.5 21,22 10,7 35,32 24.8 4520 1200
22 Sk, 24 4y 25.31 11.8 35,55 2i.74 2870 1670
23 56.6% 48,25 28.35 16.1 36.75 24,5 2800 761
24 52.5 42,38 20,92 10.2 31.04 20,32 2510 312
25 81 74.864 21.83 11.6 28.2¢ 17.96 3270 976
26 69,16 56.93 22,57 12,7 34.8 24,83 2510 905
27 45,48 39.6 26.04 13.4 31.92 19.28 2440 689
29 56,45 46.7 24,95 14..2 3u.7 23.95 3410 2050
30 w2,71 32.73 24,52 11.2 38,5 21.18 3520 1220

2Total water above 150 em on seeding date
bTotal water abovg 150 cm on harvest date

CTotal water applied to plot during growing season

dAmount of applied water accounted for by neutron probe measurements
®Water use estimated by budget method

fWat:er use estimated by neutron method (see text)

This discrepancy between the neutron method and the budget method will be discussed further

in the lysimeter and neutron probe testing section of this report.

New Field Plot Layout

The plan was that following the Cajame wheat harvest a short-season sorghum would be sown,
but it was found that the plastic and wood plot boarders had deteriorated beyond use, so the
sorghum rotation was cancelled and the old boarders were removed. Rather than replace the boarders
with the similar materials, a new plot layout was designed and constructed.

It can be seen in Figure 13 that each new plot lies over two old plots and that one plot
number per replication has been deleted (numbers 10, 20, and 30). Table 5 presents a list of
new plot numbers and treatments with the list of old plot numbers and treatments.

The new irrigation frequencies and amounts roughly parallel old ones. The amounts listed
are tentative; they were selected as starting values and may be readjusted. The general purpose

was to provide a range of treatments from definitely too dry and definitely too wet. With the
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Table 5. Former treatments on the site with new proposed treatments for the site

Former Treatments Proposed Treatments
Former
Treatment Plot New Plot

Number Numbers Depletions Efficieny Numbers Depletions Rate
% A % (in/day)

1 2, 14, 29 25 80 2, 14, 28 7 0.3

2 5, 20, 25 50 80 4, 19, 25 14 0.3

3 6, 16, 21 75 80 5, 16, 21 21 0.3

4 10, 18, 24 25 90 9, 18, 24 7 0.2

5 1, 15, 30 50 90 1, 15, 29 14 0.2

6 3, 11, 23 75 90 3, 11, 23 21 0.2

7 9, 12, 26 25 100 8, 12, 26 7 0.1

8 8, 17, 27 50 100 7, 17, 27 14 0.1

9 7, 13, 22 75 100 6, 13, 22 21 0.1

large variability in soils on the site, the choice lay between a large number of replications
to detect differences among slightly different treatments and a wider range of treatments to

fewer replications. The latter course was chosen, as is shown in Table 5.

Collection of Climatic and Crops Data

The following climatic data were collected on a daily basis at the NMSU Plant Science Farm:
maximum and minimum temperatures, wind speed, income solar fadiation, and open-pan evaporation

(Class A). These data are in Appendix F.

Lysimeter, Flowmeter, and Neutron Probe Calibration

In the spring of 1975, eight vacuum lysimeters of the Duke and Haise type were installed. The
lysimeters consist of a sheet-metal box, 15 ¢m wide, 20 cm high, and 150 cm long, open on the top,
with filter candles lying on the bottom of the box. As water percolates through the soil profile,
the water is intercepted by the box and extracted with suction through the filter candles. The
intercepted solution is collected in containers and brought to the laboratory for anmalysis.

The lysimeters were installed as follows: (1) an excavation pit was dug with a back hoe to
rhe desired depth; (2) a horizontal rectangular tunnel large enough to hold a lysimeter was driven
into the face of the pit; (3) the lysimeter was packed with sand from the excavation and then was
stid into the tunnel on a reinforced rubber pillow; {4) the supporting rubber pillow was inflated,
forcing the device against the tunnel ceiling and maintaining hydraulic contact with the overlying
non~disturbed soil,

The first problem encountered was keeping air in the supporting pillow. Replacing the air with
water merely slowed the leakage rate. An attempt will be made to keep the device in hydraulic con~
tact with the surroundings by packing soil under the lysimeter and abandoning the pillow concept.

In October 1975, a large filter candle {4 length x 2" 0.D.) was bonded to | 1/2'' 0D PVC pipe

and placed in a bored hole under plot 1. Hydraulic contact between the candie and the surrounding
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subsoil was formed by packing soil from the hole around the candie assembly. Packing was ac~-
complished by sliding a larger piece of PVC pipe over the candle-pipe assembly and stroking
gently as back filling took place. Soil water samples were obtained almost immediately upon
application of suction. This experiment was considered so successful that large suction candles
will be installed under all the plots. The soil solution samples obtained from both lysimeters
and suction candle were clear under suction but became cloudy within minutes after exposure to
the atmosphere. The cloudiness was probably due to the precipitation of calcium carbonate salts
as the carbon dioxide effervesces.

The precipitate does not affect use of the suction samples for estimating return-flow quality,
since this precipitation would happen upon exposure of the solution to air at the drain. But the
precipitation of the salts before chemical analysis does complicate estimating salt balance under
the various irrigation treatments.

At the end of the first season, pH and EC sensors will be installed so that these variables
can be estimated before the samples are exposed to the atmosphere. When pH and EC are known for
the real solution, the concentrations of the various salts can be calculated from equilibrium
chemistry.

Since the neutron probe is known to be sensitive to the soil in which it is being used,
calibration standards were constructed from 15-gallon galvanized cans. The standards were
made up from a large well-mixed sample of the soil surface layer. The soil was ground to pass
a 2 mm sieve and divided into equal piles, each of which was brought to a different water con-
tent to provide a wide range of water contents.

While the soil was being packed, subsamples were taken to determine gravimetric water content
{dried at 105° C). The galvanized contalners were sealed to form a permanment set of soil-moisture
standards. In addition to these four moisture standards, three permanent plastic standards from
the Troxler Corp. were also used. To compute the actual calibration curve, a straight-line regres-
sion was fitted to the calibration data. The results of this regression were:

% water by volume = 41.10 {CR) - 1.76
Where CR is the ratio of neutron counts in the sample to that in the standard shield.

Trickle Plots

The trickle plots (Figure 13) were seeded to Cajame spring wheat February 18 and watered up.
Shortly after seeding, the drip system became clogged with an organic substance (beljeved to be
algae) and became inoperative. The trickle system was replaced with the newly marketed, plastic-
impregnated paper ''porous hose'' [trade name Via Flow from Dupont]. After the early-season sand
storms, the porous trickle lines were found to be so badly perforated that the distribution of
irrigation water was inadequate. New lines were ordered but did not arrive before the wheat was

severely damaged by drought.

Del Rio Drain and Test Wells

The experimental details of the test wells and the Del Rio drain installations were described
by Wierenga (1975). The monitoring he reported has been continued. The results are presented in

Appendix N.
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APPENDIX A
PLAN OF WORK

YEAR 1
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Contxol in the Upper Rio Grande
Work Plan For
Demonstration Farm

£PA PROJECT
Demonstratian of Irrigatfon Return Flow Salinity

TASK

HONTIL IN YEAR I

e
YEAR

1T

YEAR
II1

]

6

7

8

10 |11

12

Cooperative Agreements
Study and Demonstration form agreements

Construction

Well Locations

Canal Lining

Installation of Meters

Plezometers

Neutron Tubes

Trickie Ixrigation Systems

1, Vegetables
2, Pecans

Improvement to Irrigakion Systems
Monitoring

Wells Ditches and Canals

Pumps

Soil Samples

Farm Qperations & Communication Systems

Planning and Comstruction

Selection of Sampling Sites
Selection of Trickle Irrigation Sites
Acquisition of IMS Program
Selection of Metering Siteec
Selection of Field Sites for Canal Leakage Tests
Conatruction of Meter, Gaging, and Sampling Stations
Well Conatruction
Tricle Irrigation Construction
Canal Lining v

Installation of Field 1 te (PY
Tubes, ete.)

3, Salintcy

Data Storage and Retrieval System
Obtaining Seil Maps

Develop Data Gathering System for Monitoring Current Cultural
Practices and Timing of Operations

Inventory Ail Machinery, Equipment and Irrigation Wells
Monitoring
Drains, Wells
Piezometers, Neutrom Tubes, Salinity Sensors
Ciimatological Dats
Current Cultural Practices and Timing of Operations
Irrigation Scheduling
CompLiing and Collecting Existing Soil Chemical and Physical Data
Determining Further Soils Information Pertipant to Study
obtaining Further Soil Samples and Analysis
Instrument Calibration
Review Current and Past Record-Keceping System
Dovelop Cost Schedules foxr Cultural Operations
Determining Cost for Lrrigation Pumps
Determining Cast for Trickle Irrigation System
Compiling Bascline Soils, Water and Cropping Data
Reporting Baseline Daca
Selecting Economic Model
Evaluation
Irrigation Efficiencies
Irrigation Scheduling
Field Operations
Field Data {Cropping Pattern, Cultural Practices)
Reporting Results
Determining Demonstratfon Altevnatives
Selecting Demonstration Alternatives
Information Dissemination

Gather phatograph information on project for future use in
educationel program packages

Prepare and release information to farm producers and others
on progress of project

Prepave educational program packages

Heutran

L1
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EPA PROJ

ECT

Bemonstration of Irrigation Return Flow Salinitvy

Control in the Upp

exr Rio Grande

Work Plan

MONTN IR YEAR 1

e
YEAR
Il

e
YEAR
IIT

TASK

1§2I3I4|5|61718‘9|10§11[12

1]2]3le

1tz{ale

HYDROLOGIC AND SAL

INITY MODELING

Review exiscing data

Review model structurc and input requirements
Select preliminavy nodal layaut
Develop preliminary model input data

Preliminary simslations for design of field network,
genaitivity analysie, ctc,

Selection of sampling stations-surface and ground water
Field obscrvations, surface and ground water
Compilation, analysis snd Interpretation of fleld data
Hydrology
Soils
Obtaining sails maps
Collecting and compiling existing soil, chemical and physical data
Cbtaining soll samples from major sail series in project area
Compiling soil chemical and physical data
Determining further soil information needed
Cropping patterns
Obtain mapa
Collecting and compiling valley cropping patterns
Determining additional cropping pattern information
Obtain additional cropping pattern data
Detailed evaluation of water and mass balance for e single node
Model calibration for subsystem components
Model calibration for a single node
Preliminary results for ic, t and d ation studies
Selection of f£inal pulti-nodal medel configuration

Develop multi-nodal input data
Evaluation of multi-nodal mode, calibracion

Predictiong for ic, g and d ration studies

FIELD PLOT DEMONSTRATIOH

Agronomics at NMSU Plant Scicnce Farm (Water and golute movement studies)
Spring Wheat

Sorghum
Barley
Cotton
Barley
Cotton
Collection of climatic and crops data

Compile detalled soila map of research area
Compiling, correlating, and reporting climatic crops and soil water data
Instrumentation and Calibration

Heutron probe calibration

Lysimeter, flowmeter construction and installation

Lysimeter, flowmeter, ncutron probe and salinity aensor teoting

Evaluation aad repocting of lysimeter, fiowmeter, neutron probe and
salinity senaoy, testa and instrumentation xecommendation

Modeling soil water and salt fiux

Reevaluate 1973 and 1974 neutron and climate data
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APPENDIX B

TRICKLE IRRIGATION WELL GEOLOGY AND WELL LOG
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Table B~1l. Geology of trickle irrigation well on
demonstration farm

Depth Description
feet
0-5 Soil
5-40 Sand
40-65 Sand & gravel
65-68 Clay & some sand
68-75 Sand & gravel
75-103 Sand
103-116 Some sand & light brown clay
116-151 Sand & gravel
151-158 Clay (light brown)
158-183 Sand & gravel
183-192 Sand & large gravel
192-203 Gray to light brown clay & gravel
203~205 Sand
205-210 Clay & gravel
210-212 Sand & gravel
212-~221 Sand & clay
221-248 Sand & gravel
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Figure B-1. Trickle irrigation well log at J. F. Apodaca Farm, La Mesa, New Mexico.
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APPENDIX C

PIEZOMETER READINGS

47



Water stage below surface

Table C-1.

Piezometer No.

11 12 13 14 15 16 17 18 19

10

Date

g 1

5.0

5.3 4.0 5.2 5.1 5.1 5.1 5.0 5.0 4.9 4.8 4.9 5.1 4.5 4.8

5.5 6.2 5.2

8-25-75

5.0 4.0 4.8 4.6 4.3 4.4 4.1 4.2 4.4 4.6 4.9 4.8 4.2 4.5 5.0

4.3 6.2 4.8

9-2-75

4.0 6.3 5.1 5.2 4.1 5.4 5.2 5.0 4.8 4.6 4.6 4.4 4.5 4.6 4.6 4.2 4.5 5.0 5.1

9-8-75

6.2 5.1 5.1 4.3 5.1 5.0 4.6 4.6 4.5 4.5 4.5 4.5 4.4 4.4 4.3 4.5 5.0 5.2

9-16-75
9-23~75
9-30-75

4.5 5.0 5.8 5.7

5.8 5.7 4.5 5.6 5.5 5.4 5.4 5.4 5.4 5.1 4.5 5.0 4.3 4.9 5.3 5.5 5.5

4.4 6.6 5.5 5.5 4.4 5.4 5.5 4,9 5.1 5.0 5.0 4.9 4.6 5.0 4.7

4.9 6.7

5.0 4.8 4.9 5.2 5.6 5.7
5.3 5.0 5.0 5.6 5.9
4.8 5.5 4.9 5.4 5.6 5.9 6.2

5.6 5.5 5.4 5.6 5.1 4.7

5.8 5.7

5.2 6.9 6.0 5.8 4.7

10-7-75

5.6 5.5 5.5 5.4 4.7

7.1 6.4 6.2 4.8 6.3 6.0 6.9 5.8 5.7 5.8 5.5
6.0 7.3 6.6 6.6 4.8 6.5 6.3 6.0 6.0 5.9 6.0 5.8 4.9 5.8 5.2 5.5 5.7

5.5 7.1 6.0 6.2 4.6 6.2 6.0 5.7

5.7

10-12~75

10-22-75

6.1 6.2

10~28-75

6.2

7.4 6.7 6.6 5.0 6.5 6.4 6.2 6.1 6.0 6.0 5.9 5.0 5.9 5.3 5.7 6.0 6.3

6.1

11-4~75

6.1 6.4 6.5

7.3 6.8 6.8 5.0 6.8 6.6 6.3 6.4 6.1 6.3 6.0 5.2 6.3 5.4 5.7

7.4 6.8 6.8 5.1 6.7

6.4

11-11-75

6.2 6.5 6.5

6.4 6.5 6.3 6.3 6.0 5.6 6.0 5.3 5.7

6.7

6.3

11-18-75

7.0 7.1 5.1 6.9 6.8 6.6 6.6 6.4 6.5 6.3 6.2 6.3 5.2 6.0 6.4 6.4

7.1 6.4 5.3

7.9
6.4 8.0

12-18-75

6.5 6.6 5.3 6.3 6.4 6.5 6.7

7.9 6.6 5.7 6.7

7.1 6.8

7.2

12-30-75

1976

5.2 6.4 6.4 6.5 7.0
5.3 6.4 6.6 6.6 6.8

6.8 6.7
7.8 7.6 5.5 7.5 7.3 6.9 6.9 6.6 6.5 6.4 FloodFlood 5.4 Flood 6.6 6.6 6.9

7.2 6.7

7.2 7.2 6.8 7.0 6.8 7.7

7.2 6.7

7.4 5.4 7.4 7.4 7.2
7.5 5.4 7.5 7.4

6.8 8.2 7.5

6.8

1-6-76

6.7

7.6

7.9

1-13-76

8.4 8.1

1-21-76
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LA MESA DRAIN FLOW AND QUALITY DATA
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Table D-2. Composition of water samples taken at La Mesa drain site A during 1975 (sampling was begun in April)

SO4 N03

HCO3
- m e e == e m(Meq/l)e = - m ke e e ke w e e s oo e - o

C%

Cl

Ca Mg Na

ECxlO3 pd Cations Anions

Date

(ppm)

Site

Qs CreD M0 Y NG
O O & F™ONFORE T O
¢ B & 5 0 2 &3 ¥ 0F O %R I O
Qe QODD QOO ri Ot NNl O

VL0 00V OFRNF N VNDNY

AN QIO O F UMD OO

P & ® & % 9 5 ¢ &8 & 8 U P3O e 0 0

D e O B DO DO
—t

NONNOOXDOFONOOIOT0OND T
AHA DTNt OO M= = D PN NSO OO
® 8 & 5 ® & g% g F PO W R & O O
A NP AN MO O F DN O OINN

O
ODCOTOMOODOOQOCCOOCOON0

0 % o % ¢ p 4 s P 2 Q0T

[olslelniminjalelololelaleialwlialelale)

~ONMNO ONING DO G F My — -
MO0 N N@F N M NN T
LI I SN TR O I I D A B B B B )
SR MO ) N M@ O N F O IAN

AN F O F NN T F OOV S OIN
NNNNNNNNNNNNNNNF\IONN
s ¢ 00 v g ot * % 2 0 e 80 o

COOOOOOODGCC‘OOOOOOO

O RCUNOT QNN O—~ONC P
o-ed-mmr\:morﬁmlnv\mmm'\lm—im

LN IR N T I L L I I I I DT I I Y ]
NNNO\OT‘\OI\\OO@OWFNFNI\N

P A O d N OO DN P OGO et O
COMNOINVONE D MM oo M0
9 0 % & 3 % ¢ 0 90 g e s et gt e
O OO st (\J ol et gt = O U NN I O

0 0 CHA =N MO O T N QO ~ PPN
D=0 O PN Ot DN = O DN\ =
¢ a ¢ 0 8 2 kRS " 3 09 st o g
WO FMINS OV IO T NO

e =t —

DONCOT D OT O~ O F N0 e NN
(oI Zra ITATA T s TaH e N TR N, Yo o Vo 1. X7 0 Yo )
4 9 0 % 9 9 * s s Pt t Yo
DA MM MG OO~ DO OO
red o b g et s e md e et e el SO\ O O N O

D OFINNDN =000 (O N MO
HED PO OO0 DN NNV O T O &
EINL I I L L A I I O I R N N N}
N O DT NN BN FIND P CNO W
el ] e sd o psd o] et o] gt ] i et O\ OV 2 i g T

PO Frd O T N F DG PNOM O™ O
PANAHTNMQNG T ATT DNCE G
e % 2 ¢ 3 ¥ ¢ ® @ 2 % P 0 e 9 a0t e
e P OO €0 D0 E0 O = 00 = P (D P e P G0 CO P e

P AN DO O E O Nt ONNF O - O
CONF ST F O F OO OP PO D0
L 2NC T N T B DR INU DT R DN DN DAY TN N )
el ik e pied e ot o il paa] oot 7l g e (] 2 pand (N ] )

LaliasiaNalialiaNialialislialiotiatiatiotio o tiatioYis]
[ 5 o O 1 e P [ P [ [ { P P oo (e (o [ [
e Tt ML N N
O SO C FO U NP TN O
N o~ AN 8 N el M
e T i i S N
T ONDDODM~DOOPNCO i NI

e Pt gl el ] et ek

T o o <L L ] T <L T o <L T ] <

51

0.95
0.82

4462 7.89
1.35

1.13

0.02
0.08

2,25 7.C9 0.24 4.17
0,05

€.04 16.9% 16.72 71.37

1.56

M EAN
STH.

0.S8

Co.45 0451

3417

2.87

NDEV.




in April)

begun

te B during 1975 (sampling was

in si

Table D-3. Composition of water samples taken at La Mesa dra

CO3 HCO3 SO4 NO3

C1

Ca Mg Na

Date ECxlO3 pH Cations Anions

Site

(ppm)

g 1 1 S e U

P O MmO NO e

NN ONND AT OO MNCRONO
s 8 3 8 8 ¢ ¢ e s 00 P g e oo
el QOO COett QOO NN ~O

O+ DONOFND=MOMn P OV oOm
OFF AN T NN —O O
0 a2 et gt P % e T b
PP P e OO PO O P 0V OO Q00

] e ok et s

QONCHOTTNEFOLTOOG M
mq'\nrmowm\ow--huowuroonaom
* & 9 9 0 ¢ + 9 € g " gt e 9o

mm¢¢¢wmm¢¢¢mmmmmmm¢

olelelolalalotnlalololalelslotate Yatal

® 8 8 P 8 % a0 s e B WP E g ey

CCOCOOO0OOOTCOTTOOOCOCC

& O AN OO G OO =D QU0
PP O AN PN e O I N NN
* 2 % ¢ 4 0 2P s W & st et g
O MMM PG AN O T NN AN

AtV LA F A EOUIDIAAINA P SN O O~
'\}NNNN’\Jf\lNNNNNNNNNONW
e ¢ % 5 P ¢ O B VS 9t P e ¢ @

OOOOOOO’)O(‘)OOOOOOQOO

OO 0 V= MM DO VN DO S N
—-CNJ\:DN&:OO‘O‘O""’\INGD\r\?—"\T"'m

» 4 8 @ 3 ¢ 8 2t g g
FNNOQOQONOOQQONNN?-N

ot ] 00} et et LY N O DD e e P 20 QO DNLO O
ﬂﬂN-—‘NOJ‘OO@wNQNMwU‘QN
* v q ¢t 0 0 *e % o8 9 0 & &R
NNNN—*N'—‘NNHANNNMNNNN

W OCNNDNDONIOM O OO~ 3

S F O PM OGN RN 00

S 4% & a4 e e ® st gt Y

mmNOQGII\QO\DONmU\v—‘U‘SG‘U\
-

DI P~ DRI BC FetP-NIm
LA DC NN DO NS OO
*® 2 0 ¢ 0 2 W ANy e o
INFIDNAFOIOT AN G DO b ey &
P L Las Lo Lo Lo TRr v parpmppar iy N T NTINT X EN]

[xA RN A Re ST RN Fa g WA i T oY FaT Ll el ST o o R T iU a Yo o)
DINE GO W T VOGO O D el
* & 8« 6 o 2@ e u P 5 0 e 90
NN NF O F N OT T O-DNC OO
B Lamae Lo Ko B I P R B R e R LAV RN T SN P [N

NG RVOWUMDF TN ~NON
O e e (N FAN O DOV D 0 N D 0
e % & % 8 3§ % 2 % 9 0 4 8 9 2 Qb

SO 0YNNO i O F QTN ROM
T F NN OO
e 9 & % g & ¢ P ¥ 9 0 &P 3 e e 0
P L K R o o e B e R L e B R B o

INIA IV L AL AR
7 T e [ oo 155 P £ P [ oo o [ {00 £ [ T [ [
B L N L
N U A O N W = U G2 0O P md N ANNO O
N e e i N N o
R T s Y
FONO OO~ VRECOCO~A~NNN

d yomd el ek g pond

T D A L O D00 00 06 D ED G G D D e

52

1.02
0.92

8413
1.48

4.62
1.01

0.0
0.0

4418
0.88

8407 17.15 16.94 T.41 2.33 7.17 0.24
Je 16 C.83

1.56
0.21

MEAN
STD.

0.05

L.84 C.44

3.11

2.41

DEV.




April)

ing 1975 (sampling was begun in

1

ite C dur

in st

Table D-4. Composition of water samples taken at La Mesa dra

NO
(ppm)

003 HCO3 SO4

ClL

Na

Mg

Date ECXlO3 pH Cations Anions Ca
e e € =T A T I

Site

NP OOHUN OO0 IO med et

QOO ri N O OO MNMENONNO it N et N O
s 2 ¢ 0 0 % a3 o 6 % o0 ¢ s 90 9
~OOOOC OO mrd et d (NN 0V e O

VOV NOOOQO DN At F QU QN
¢\?‘HNF‘¢O‘~O\DU\“\¢OO¢NCDO\N
? o e 9 g %o P 0 et e o0 o

NNFNNNQNNO\ONO‘Q‘OOO‘O‘O

N ONLOTNNGETOOIOVONONO~
DGO MO VOO DI DinD-
* o R 0 0% 2 2 90 e g s s a0

AT W 3 RN G OB nnIIan

COODOCOCOQOO0O0DO0OQODOOC
o 4 ¢ ¢ @ ¢ 0 0 % o 08 2 #4009 g 9

QOQOOQONCOAOCOOOOCC

O FNCRDOODF M T O~
OGN IOF O OTTOOMT NN
[N I T DN T N I DN SR N DL B B B B B J
F AN M NN M A PG Ennn

Qe POV OO DININ DD D OOIN
NNN’\JNNNNNNNNNNNNON(\J
« 0. ¢ P 5P e 4% 4t 00N * e

OOOO(“OOOOOOOOOOOOCO

NI NG D DN DD OO PR O
MAAONM¢NmNoOwwNOmMN
- 0'00!00000000.00'
thhoNOOOON@@DNNNNP

DU e == O T 0~ O N NO T N O D rd
Om N O TN O L 0N 0
& g % o P o % 2 % P ek 2 s ey S g 0
DAY 0 O e O et et (] et et O O3 OOV OIS OV

WO OO LT - PINC AN D
O e md O O NN PP RO OV (D e N
T ¢ % 2 0 0 % 9 ¢ & 6 % g & 4 ¢ 9y
NN 00NN DI SO0 GO0

—-— i md

MNVOONMNM-t SR ogNT PP
NWNEF F M et DN D P DD = UV it = O Y
f & @ 4 ¢ & 0 & P & B " P A 00 s
T FADNNONOVAOFT oD A OO~
ok g 4 gmd 4 guosd —F st 7l e e el ek ped (VN N N OV

LaRTaa RN AR T S G TTRT SO Be Y ltaTe eY T ré Yol
COPNMUVOTNCQO T DO
® 9 T * 9 9 P g 0 F e P e e 3 s 0
EaltatisJIaRN L % JTATTRS STat N ST s Frke N adoRon
n«h—-imdr—l-—i-—lr—d.-ir—l._d—-‘—-ir—-dv—lf\j-—'f\}'\[r\]

RO CUND Dt N QOO =S FN D
rﬂo\r\l—dr--m(-\mooa!\cﬂ'p-—dc;n(\f-*c
® ¢ % 2 4% 2 P g 0 2P e

)"NC‘O'DP"’IC'I"\'COO?[\JJNG}J,‘-JOJCO(&-

DAY= rOY D T =t -5 D O et O 00 OND T et
MAET T ANTOV0C
$ ¢ % ¢ 8 2 % o % 0 g% 0t st ¢
[ P e B b P L e e e P T e ]

LA O VA A A UANIAY LA NI N
o P e [ 1750 s [ o o o T e 0 T P ) [ P
N e N
NN O OO D DN AT =N DN O
(N b NN N DN A -
B e e
NG DO X PN OO0~ NN

i T L P P

LN OO0V LLOLOLOVL

53

8.16 1.22
1.08

4.606
1o11

0.0

4412
C.86

5.09 17.12 lo.96 7.30

1.57

MEAN

1.28

0.0

C.83 0.05

Oat?2

DFV.

STD.




Table D-5. Composition of water samples taken at La Mesa drain site D during 1975 (sampling was begun in April)
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Table D-6. Electrical conductivity (mmhos/cm) and flow (m™/sec) of water at La Mesa drain sampling site

A, B, C, and D during 1975 (sampling was begun in April),
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APPENDIX E

IRRIGATION PUMP NATURAL GAS CONSUMPTION AND WATER METER READINGS
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Table E~1. Irrigation pump natural gas consumption and water meter readings on
selected wells, demonstration farm

Demonstration Farm Wells

No. 1 & 2 No. 3 No., 4 No. 5
Natural Natural Natural Natural
Gas Water Gas Water Gas Water Gas Water
Date Meter Meter Meter Meter Meter Meter Meter Meter
(000) (000) (000) (000) (000) (000) (000) (000)

4-18 6,594 4,382 2,724 324

5-29 6,727 5,419 2,985 891

6~2 7,162

6-9 7,164 5,444 3,048 1,221

6-16 7,165 5,457 3,048 1,226

6~23 7,167 5,550 3,158 1,632

6-30 7,170 5,607 3,264 1,958

-7 7,173 5,612 3,295 2,159

7-14 7,174 5,661 3,321 2,168

7-21 7,509 5,675 3,371 2,177

7-28 7,685 5,688 3,536 2,513

8-4 8,111 5,741 3,581 2,516

8-11 8,112 6,084 3,704 2,817

8-18 8,114 6,143 3,855 2,948

8-25 8,115 6,154 3,948 2,954

9-1 8,116 6,224 4,001 2,958

9-8 8,117 6,237 4,001 2,963

9-16 8,118 g 6,252 0 4,001 0 2,968 0

9-23 8,119 0 6,265 0 4,001 0 3,019

9-30 8,121 5 6,509 5,917 4,042 1,073 3,312 5,351
10-7 8,122 5 6,512 5,917 4,042 1,073 3,813 13,466
10-14 8,123 5 6,572 7,386 4,042 1,073 3,908 14,679
10-21 8,125 5 6,627 8,600 4,043 1,073 4,039 16,591
10-28 8,125 5 6,636 8,600 4,043 1,073 4,055 16,591
11-4 8,128 5 6,694 9,870 4,043 1,073 4,069 16,591
11-11 8,129 5 6,700 9,870 4,043 1,073 4,084 16,591
11-18 8,131 5 6,706 9,870 4,043 1,073 4,108 16,591
11-26 8,131 5 6,714 9,870 4,043 1,073 4,115 16,591
12-2 8,131 5 6,714 9,870 4,043 1,073 4,115 16,591
12-9 8,131 5 6,714 9,870 4,043 1,073 4,115 16,591
12-16 8,131 5 6,714 9,870 4,043 1,073 4,115 16,591
12-30 8,131 5 6,714 9,870 4,043 1,073 4,115 16,591
1976
1-6 8,131 5 6,714 9,870 4,043 1,073 4,115 16,591
1-13 8,279 (pumping} 6,756 9,870 4,043 1,073 4,124 16,591
1-21 9,827 (pumping) 6,756 2,870 4,043 1,073 4,124 16,591
1-28 10,416 21,736 6,767 9,870 4,043 1,073 4,246 16,591
2-7 10,418 21,736 6,774 9,870 4,043 1,073 4,263 16,591
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Figure E-1. Natural gas consumption versus water pumped for Pump No. 3, demonstration farm
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Natural gas consumption versus water pumped for Pump No. 5, demonstration farm
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APPENDIX F

CLIMATOLOGICAL DATA
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Table F-1. Climatological data, Plant Science Farm, NMSU, February 1975

Maximum Minimum szzt Solar Evaporation
Day Temp. Temp. Temp. Wind Rain Rad. Pan
F. F. F. mi/day inches lang. inches
1 53 45 42 53 145.4 .07
2 59 42 39 53 .29 257.5 .07
3 61 41 34 85 256.3 .15
4 59 33 25 153 377.7 .12
S 60 28 30 73 347.5 .14
6 55 25 20 170 377.0 .12
7 61 24 22 44 360.2 .09
8 66 39 29 140 380.0 .23
9 68 22 28 140 384.3 .24
10 67 30 29 136 356.9 .20
11 61 31 31 107 407.7 .15
12 65 27 27 36 407.1 .11
13 73 19 21 52 401.5 .14
14 63 31 32 100 186.5 .11
15 67 32 31 247 364 .4 .48
16 60 31 31 144 401.5 .16
17 57 25 28 267 355.2 .26
18 55 22 25 65 425.1 .08
19 60 19 20 48 432.5 .09
20 69 18 22 128 426.4 .30
21 55 27 30 181 .07 143.8 .07
22 40 19 22 93 . 272.0 .05
23 51 i6 16 87 469.7 .12
24 64 16 20 55 457.8 .11
25 70 22 23 69 423.7 .17
26 72 25 27 66 450.7 .16
27 72 27 32 116 457.4 .25
28 74 31 36 56 457.2 .18
Total 1,737 767 772 2,964 .36 10,183.1 4.42
Average 62 27 28 106 363.7 .16
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Table F-2. <Climatological data, Plant Science Farm, NMSU, March 1975

Maximum Minimum Pg:zt Solar Evaporation
Day Temp. Tenp. Temp. Wind Rain Rad. Pan
F. F. F. mi/day inches lang. inches
1 78 29 35 50 461.5 .16
2 82 30 30 113 456.8 .30
3 78 28 24 113 433.0 .13
4 67 30 57 416.5 .18
5 62 27 116 450.1 .30
6 58 41 188 484 .3 .37
7 77 28 69 458.7 .21
8 72 40 183 204.8 .22
9 64 42 234 462.3 .27
10 72 28 117 485.9 .25
11 60 35 262 .15 331.8 .26
12 53 36 111 « 04 269.3 .13
i3 61 28 90 524.4 .15
14 67 28 204 404.4 .25
15 60 30 250 497.3 .27
16 66 24 136 536.4 .24
17 63 27 240 540.5 .35
18 71 25 53 671.6 .18
19 79 28 57 412.5 .18
20 82 31 143 496.1 .35
21 74 46 190 428.1 .32
22 79 35 243 540.8 .48
23 64 39 270 511.1 W41
24 74 28 135 551.3 .28
25 82 33 203 506.6 44
26 72 37 33 412 * 43
27 56 37 34 262 464.5 .32
28 54 34 38 228 .02 186.3 W11
29 45 29 35 139 316.5 .08
30 53 26 25 137 566.1 .25
31 68 28 29 137 780.7 .26
Total 2,093 987 283 5,142 .21 13,850.2 8.13
Average 68 32 31 166 461.7 .26

*Instrument down for repairs.
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Table F-3. Climatological data, Plant Science Farm, NMSU, April 1975

Dew
Maximum Minimum Point Solar Evaporation

Day Temp. Temp. Temp. Wind Rain Rad. Pan
F. F. F. mi/day inches lang. inches

1 71 38 24 288 578.7 .40
63 . 34 24 115 611.1 .23

3 72 26 23 66 576.5 .24
4 79 32 26 110 542.3 .31
5 76 31 24 82 544.2 .29
5 70 37 29 145 296.7 .18
7 55 36 30 239 T 511.3 .28
8 58 30 27 175 505.5 .26
9 67 26 26 79 433.8 .20
10 64 41 32 227 424.6 .31
11 67 37 40 444 542.6 .36
12 73 44 35 204 594.7 .33
13 66 32 34 153 602.5 .30
14 73 30 29 78 524.3 .24
15 82 34 24 82 634.5 .31
16 85 43 40 176 588.4 .43
17 80 48 34 387 597.0 .60
18 62 39 35 171 540.2 .31
19 72 35 32 171 636.7 .31
20 82 34 25 82 640.4 .30
21 86 37 31 92 610.3 .28
22 84 49 34 106 403.5 .22
23 81 37 32 122 644.2 .36
24 83 34 32 71 630.3 .30
25 84 43 34 112 607.7 .34
26 83 46 38 170 157.9 .25
27 68 46 31 210 666.2 41
28 75 28 30 89 659.2 .30
29 76 34 30 157 653.4 .39
30 76 37 36 58 584.2 .24
Total 2,213 1,098 921 4,661 16,542.9 9.28
Average 74 37 31 155 551.4 .31
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Table F-4. Climatological data, Plant Scisnce Farm, NMSU, May 1975

Maximum Miniuum P?}i:t Solar Evaporation
Day Temp. Temp. Temp. Wind Rain Rad. Pan
F. F. F. mi/day inches lang. inches
1 80 35 31 106 653.0 .38
2 80 41 35 127 650.5 .40
3 82 43 34 56 * .26
4 81 43 35 170 * .46
5 77 44 32 248 651.2 43
6 73 40 34 130 672.5 .28
7 75 33 33 72 673.2 .28
8 81 33 31 88 670.2 .31
9 85 36 32 62 659.7 .31
10 85 49 54 130 .09 294.8 .18
11 85 44 42 94 657.9 .28
12 90 43 32 135 664.7 43
13 88 46 27 126 678.0 .37
14 89 45 32 127 673.4 A1
15 89 63 30 194 671.8 .52
16 87 64 29 254 .05 375.1 .33
17 85 52 45 140 583.9 .37
18 87 51 36 117 643,5 .39
19 77 46 40 122 .02 555.5 .33
20 80 49 24 182 687.2 47
21 86 49 36 156 695.0 46
22 73 47 41 151 628.5 A4l
23 76 44 35 68 650.,9 .28
24 82 38 36 63 690.8 .30
25 89 42 36 63 688.9 .30
26 91 45 37 100 * .35
27 90 39 44 148 616.5 .48
28 84 48 46 198 567.1 e
29 80 46 44 140 542.4 .29
30 76 47 48 70 535.0 240
31 89 43 48 77 693.1 .33
Total 2,572 1,388 1,136 3,914 11.07
Average 83 45 37 126 .36
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Table F-5. Climatological data, Plant Science Farm, NMSU, June 1975
Dew
Maximum Minimum Point Solar Evaporation

Day Temp. Temp, Temp. Wind Rain Rad, Pan
F. F. F. mi/day  inches lang. inches
1 92 48 40 60 651.8 .33
2 96 50 38 92 676.5 .38
3 98 59 40 91 664.3 .46
4 95 53 42 102 642.6 A7
5 96 46 38 89 675.0 .50
6 98 52 36 134 665.0 .50
7 90 58 56 90 408,7 .29
8 91 55 51 99 641.2 .37
9 90 53 49 94 594.8 .39
10 91 52 49 137 * A48
11 88 53 49 66 686.4 .31
12 95 57 57 77 657.5 .35
13 926 58 54 71 641.5 .37
14 100 57 41 188 630.4 .76
15 100 58 35 95 690.0 .53
16 96 59 46 133 693.7 .54
17 93 52 46 142 685.7 .53
18 92 62 47 186 650.4 .63
19 90 55 57 93 671.1 WAl
20 90 57 61 104 671.9 b
21 90 55 57 90 * Ll
22 93 51 48 65 * .31
23 95 59 62 195 * 47
24 97 71 64 109 * .37
25 97 67 59 87 * 45
26 99 56 42 53 * .34
27 100 55 52 929 * 43
28 100 63 66 110 * 45
29 99 64 61 135 w A
30 94 72 69 160 668.3 A
Total 2,841 1,707 1,512 3,246 13.10
Average 95 57 50 108 b
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Table F~6. Climatological data, Plant Science Farm, NMSU, July 1975

Maximum Minimum ngt Solar Evaporation

Day Temp. Temp. Temp, Wind Rain Rad. Pan
F. F. F. mi/day inches lang. inches
1 91 66 68 142 683.5 45
2 91 68 63 168 677.1 .50
3 89 69 68 162 483.8 .35
4 90 68 70 100 543.5 .31
5 92 63 62 71 612.0 .20
6 92 66 69 78 544,7 .37
7 96 64 . 65 105 .05 633.6 40
8 91 67 64 80 .02 591.3 .34
9 95 62 57 75 649.5 .36
10 98 64 60 113 .05 601.3 40
11 96 69 65 120 11 488.3 .22
12 84 65 61 96 .12 354.9 .36
13 89 59 55 59 663.1 .31
14 92 55 59 88 630.5 43
15 93 68 54 163 666.5 s
16 90 69 61 157 672.5 43
17 86 64 66 93 46l.4 .27
18 93 60 60 81 * .28
19 96 63 62 58 * .26
20 94 63 62 123 .13 554.6 .41
21 89 64 67 83 543.2 .28
22 95 65 66 91 622,1 .33
23 95 66 64 99 .04 390.6 .28
24 90 65 64 98 598.4 .33
25 88 59 61 124 * .34
26 88 64 62 98 554.9 .27
27 90 62 61 126 648.8 . 39
28 96 62 63 76 1.05 * .74
29 84 63 66 50 .03 365.8 .19
30 92 61 56 63 616.3 .32
31 98 59 53 39 649.9 W42
Total 2,843 1,982 1,934 3,081 1.60 10.98
Average 92 64 62 99 .35
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Table F-7. Climatological data, Plant Science Farm, NMSU, August 1975

Maximum Minimum Pg?r:t Solar Evaporation

Day Temp. Temp. Temp. Wind Rain Rad. Pan
F. F. F. mi/day inches lang. inches
1 97 59 47 61 570.5 .18
2 9% 63 58 128 578.9 b
3 93 66 63 100 1.09 517.0 .81
4 89 60 63 114 * .34
5 92 57 56 81 643.3 .35
6 91 61 48 90 * .37
7 90 54 53 56 641.0 .31
8 94 59 51 64 559.2 .32
9 92 61 561 108 521.4 43
10 89 63 48 122 524,1 .38
11 88 58 51 76 613.5 .31
12 89 56 64 72 .17 437.8 .22
13 90 60 58 73 .03 * .27
14 89 64 60 65 531.6 .26
15 92 60 56 109 605.7 .39
16 94 58 57 87 588.9 .34
17 92 60 55 84 .29 581.0 41
18 97 64 59 53 607.6 .26
19 90 60 59 112 .23 503.3 .30
20 82 64 65 76 . 04 403,0 .19
21 90 62 64 101 .73 497.0 .28
22 89 63 64 54 .01 447.5 .18
23 90 62 59 52 573.1 .26
24 94 63 60 53 545.5 .29
25 94 62 54 86 594.4 .33
26 94 64 55 129 575.6 .29
27 86 63 64 110 607.7 .35
28 90 65 60 49 562.6 .27
29 95 61 58 51 572.4 .30
30 97 56 51 68 571.3 .31
31 9% 59 56 97 571.5 .35
Total 2,837 1,887 1,774 2,581 2.59 10.09
Average 92 61 57 83 .33
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Table F-8. Climatological data, Plant Science Farm, NMSU, September 1975
Dew
Maximum Minimum Point Solar Evaporation

Day Temp., Temp. Temp. Wind Rain Rad, Pan
F. F. F. mi/day  inches lang. inches
1 92 58 56 9( 517.3 .33
2 91 63 58 183 .04 554.5 .37
3 82 61 62 126 .08 411.9 .24
4 86 61 58 116 .06 498.6 .30
5 82 62 56 100 .02 239.,2 .17
6 77 62 63 100 186.4 .09
7 86 60 56 149 .06 443,7 .34
8 85 60 58 80 355.3 .16
9 88 63 57 111 .01 474.,3 .28
10 90 63 60 76 529.6 .23
11 90 62 59 153 1.25 332.1 .27
12 69 58 52 236 .40 339.3 b
13 65 52 51 183 .04 290.0 .18
14 77 57 57 25 403.5 .10
15 85 53 ¥l 44 526.0 .21
16 87 54 47 41 531.9 .23
17 90 51 53 49 469.9 .22
18 90 55 56 81 .02 504.3 .28
19 90 57 54 79 12 504.7 .24
20 85 60 60 73 497,2 .26
21 77 53 53 168 390.2 .27
22 73 45 38 77 523.9 .20
23 78 40 37 55 517.2 .23
24 79 42 37 68 509.9 .19
25 82 40 33 40 500.6 .13
26 83 40 27 41 503.1 .27
27 86 40 30 30 469.7 .11
28 86 41 29 34 486.6 .20
29 87 43 29 43 460.1 .18
30 84 46 39 120 419.8 .29
Total 2,502 1,602 1,469 2,777 2.10 7.01
Average 83 53 49 93 .23
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Table F-9. Climatological data, Plant Science Farm, NMSU, October 1975

Maximum Minimum Pzizt Solar Evaporation

Day Temp, Temp. Temp. Wind Rain Rad, Pan
F. F. F. mi/day  inches lang. inches
1 74 47 46 136 454.7 .27
2 76 43 42 127 460,7 .26
3 76 41 41 55 460,8 .18
4 82 39 34 38 465.4 .17
5 85 39 32 44 465.4 .13
6 85 39 23 46 461.4 .23
7 82 39 34 99 454.,5 .23
8 80 45 38 71 453.9 .18
9 81 39 37 53 447,1 .16
10 86 40 31 49 441,1 .16
11 85 41 32 71 434.4 .20
12 86 44 31 71 430.4 .20
13 78 37 41 87 390.8 .18
14 74 36 21 80 442,0 .18
15 73 32 11 57 437.4 .14
16 76 34 7 54 433.3 14
17 74 34 20 73 423,7 .13
18 78 39 21 73 420,3 .13
19 82 37 26 31 397.4 .11
20 82 43 67 .12 379.1 .15
21 66 47 109 .75 152.4 .37
22 72 40 89 397.0 14
23 73 40 139 403.7 .19
24 69 37 28 75 400.4 .23
25 66 39 26 76 397.1 14
26 74 34 25 46 396.5 .13
27 74 34 20 80 400.3 .19
28 79 34 21 49 389.2 .07
29 75 38 38 126 377.4 .23
30 76 42 40 116 375.9 .22
31 76 42 35 125 371.6 .25
Total 2,395 1,219 808 2,412 .87 5.65
Average 77 39 30 78 .18
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Table F~10. Climatological data, Plant Science Farm, NMSU, Novembexr 1975

Maximun Minimum Pgizt Solar Evaporation
Day Temp, Temp. Temp. Wind Rain Rad, Pan
F. F. F. mi/day  inches lang. inches
1 69 36 37 110 329.0 .13
2 70 35 25 61 372.5 .15
3 74 31 31 43 368.5 .12
4 77 37 28 47 362.4 .12
5 77 36 31 27 355.3 .11
6 79 32 22 77 * .19
7 79 32 27 40 355.0 .09
8 79 32 24 110 356.4 24
9 74 33 33 92 356.5 .20
10 74 32 41 38 347.8 .04
11 73 28 33 71 352.3 17
12 63 31 27 64 352.6 .16
13 68 20 30 45 354.7 .10
14 70 26 31 27 346.5 .10
15 72 25 35 37 295.5 .08
16 76 27 38 35 320.6 .11
17 75 25 35 57 330.2 12
18 72 27 46 137 .15 217.0 .13
19 59 36 39 92 334.4 .15
20 57 22 32 34 .02 335.4 .13
21 62 21 25 100 326.0 .06
22 50 20 29 37 339.8 .09
23 56 18 26 44 210.3 . .04
24 55 19 27 46 329.9 .07
25 67 18 22 175 310.4 .22
26 70 17 21 81 298.5 .10
27 70 17 22 73 307.6 .11
28 64 34 42 356 101.7 .08
29 49 28 40 143 .06 190.1 .19
30 47 19 18 82 325.4 .07
Total 2,027 814 917 2,381 .23 3.67
Average 68 27 31 79 .12
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Table F-11. Climatological data, Plant Science Farm, NMSU, December 1975
Dew
Maximum Minimum Point Solar Evaporation
Day Temp. Temp. Temp. Wind Rain Rad, Pan
F, F. F. mi/day  inches lang, inches
1 54 18 23 60 319.1 .05
2 65 21 32 60 307.8 .05
3 65 19 33 38 297.2 .07
4 67 23 26 72 % .13
5 66 21 28 64 * .12
6 63 25 32 68 294.0 .09
7 64 23 25 80 300.5 .11
8 69 22 28 63 287.3 .08
9 66 28 34 51 290.7 .11
10 68 22 31 26 294.1 .08
11 70 21 27 46 287.2 L11
12 69 20 24 102 296.4 14
13 64 27 33 142 275.6 .16
14 58 19 37 143 296.4 .16
15 50 23 28 61 286.0 .06
16 55 19 29 69 44914 .08
17 52 21 28 75 436.0 .15
18 50 28 30 124 264.4 .07
19 54 21 30 39 276.6 .02
20 58 23 28 91 .09 234.4 .09
21 46 35 38 77 .11 73.2 .00
22 57 38 42 95 .08 229,5 .07
23 46 39 41 131 .10 80.9 .06
24 50 36 32 115 .03 214 .4 .11
25 51 21 26 70 301.1 .05
26 56 26 27 61 306.8 .06
27 56 23 26 98 252.,0 .09
28 51 30 24 123 307.5 .15
29 47 18 21 52 305.0 .06
30 53 16 18 44 308.8 .05
31 62 18 18 219 302.0 .15
Total 1,802 744 2,559 AL 2.78
Average 58 24 83 .09
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Table F~12. Climatological data, Plant Science Farm, NMSU, January 1976

Maximum Minimum PIo)?rit Solar Evaporation

Day Temp, Temp. Temp. Wind Rain Rad. Pan
F. F. T, mi/day  inches lang. inches
1 39 26 30 113 .09 47.7 .07
2 40 25 22 42 299.0 .05
3 41 12 16 53 333.6 .05
4 46 15 20 53 291.6 .05
5 52 13 24 53 315.5 .06
6 56 17 19 184 * .17
7 46 25 16 88 318.5 .10
8 54 14 16 44 313.6 .08
9 57 18 22 30 297.5 .04
10 66 23 27 92 290.2 .13
11 56 23 27 92 315.9 .12
12 65 18 29 65 316.7 .09
13 65 20 28 67 317.1 .11
14 61 23 32 83 314.5 .11
15 65 23 33 86 321.6 .12
16 67 24 36 86 317.3 .10
17 64 25 34 43 318.9 .11
18 65 23 35 43 313.9 .11
19 55 29 34 281 204,7 .21
20 50 32 36 62 248.5 .12
21 57 19 32 18 269.0 .04
22 61 24 36 38 316.1 .08
23 61 30 40 86 .19 149.4 .06
24 58 41 40 226 .02 270.0 .16
25 54 29 32 142 314.,5 .13
26 46 23 16 93 .15
27 50 19 24 67 .08
28 59 19 26 57 ' .07
29 64 23 28 56 .12
30 69 23 32 88 .16
31 57 31 36 78 .05
Total 1,746 711 2,609 .30 3.10
Average 56 23 84 .10
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APPENDIX G
TRRIGATION SCHEDULING FOR SURFACE WATER DELIVERIES

BY ELEPHANT BUTITE IRRIGATION DISTRICT
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Table G-1. Preliminary estimates of surface irrigation water deliveries to
demonstration farm by Elephant Butte Irrigation District

Amount
Date Date Charged by
Ordered Field Acres Crop Car}al Received Bur. of Recl.
(ac-ft)
3-14 3 72.2 Tomatoes Upper Chamberino 3-16 — 3-18
3-14 4 68.4 Cotton Upper Chamberino 3~18 - 3-19 87.28
3-18 1l 50.0 Chile San Miguel 3-22 - 3~24 36.44
3-25 10 50.0 Alfalfa San Miguel
3-25 2 12.0 Wheat Upper Chamberino 3-26 2.27
4-15 3 30.0 Tomatoes Upper Chamberino 4-15 16.36
422 3 15 Tomatoes Upper Chamberina 7.44
422 3 55 Tomatoes Upper Chamberino 2.58
4-29 7 30 Pepper Upper Chamberino
5~2 4 60 Cotton Upper Chamberino 42.15
5~2 7 30 Chile San Miguel
5-13 4 60 Aifalfa San Miguel 5-13
5-13 23 Pepper San Miguel 5-13 7.93
5-20 10 50 Alfalfa San Miguel 5~16 18.60
5-27 3 60 Tomatoes Upper Chamberino 5-27 10.0
5=27 6 i5 Pepper San Miguel 5-27 6.61
5-30 10 60 Alfalfa San Miguel 5-29 27.77
6~3 5 12 Chile San Miguel 6-6 6.36
6-3 6 15 Chile San Miguel 6-6 9.09
6-3 9 ) 25 Chile San Miguel 6-9 8.43
6-3 14 30 Chile San Miguel 6-3 37.00
6-3 12
6-6 1 3 Pecans Upper Chamberino 6-10 1.49
6-6 8 25 Cotton San Miguel 6-17 14,55
6-13 8 30 Cotton San Miguel
6-16 3 65 Tomatoes Upper Chamberino 6-16 - 6-19 51.82
6~16 4 60 Cotton Upper Chamberino 8.48
6-16 9 25 Chile San Miguel 20.66
6-16 11 50 Chile San Miguel 6.45
6-23 11 50 Chile San Miguel 1.98
6-27 1 3 Pecans Upper Chamberino 6-29 1.98
75 Peppers 7=4 25.45
3 50 Tomatoes Upper Chamberino 7-7 15.21
7-13 1 3 Pecans Upper Chamberino 7-13 1.49
7-18 8 30 Cotton San Miguel 7-21 24,46
7-18 4 60 Cotton Upper Chamberino 23.35
7-22 9 80 Chile San Miguel
7-22 18 Alfalfa  San Miguel
8-1 11 60 Chile San Miguel
8-1 10 60 Alfalfa San Miguel 41.66
8-1 3 30 Tomatoes Upper Chamberino 8-11 12.7
8-7 4 60 Cotton Upper Chamberino 8-11 25.29
8-11 8 30 Cotton San Miguel 8-16 21.16
8-11 6 10 Corn San Miguel
8-11 3 60 Tomatoes Upper Chamberino 8-15 14.88
9-5 8 30 Cotton San Miguel 9-10 12.0
9-5 11 50 Alfalfa San Miguel 33.06
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APPENDIX H
MACHINERY AND EQUIPMENT INVENTORY

FOR DEMONSTRATION FARM
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Table I-1.

demonstration farm, La Mesa, New Mexico, 1975

Preliminary per acre enterprise cost and return budget for cotton on the

Planting date(s):
Harvesting date(s):

April 15
Nov. 15

Gross Return:

Expenses:

225.15 + 26.40 = 251.55

162.62

Yield: 395 1b/lint; 660 1b/seed Net return to capital: 88.93
Price: .57/1bs.
Fuel Depreciation
Purchased and Insurance
Item Unit Quantity Inputs Labor Repairs Shelter Total
dollars dollars dollars dollars dollars
Purchased Inputs
Seed 1b. 30 .08 .08
Fertilizer 18-46 1b. 200 22.00 22.00
Canal Water ac~ft 2.5 13.50 13.50
Pump Water ac—ft 1.0 2.10 1.38 3.48
35.58 2.10 1.38 39.06
Preharvest Operations
Cut stalks & disc hr. .45 1.35 1.32 .85 3.52
Plow hr. .36 1.08 2.07 1.04 4.19
Disc hr. .28 .84 .87 .63 2.34
Plane hr. .34 1.02 1.33 1.00 3.35
Float hr. 17 .51 .46 .23 1.20
Furrow hr. .50 1.50 1.64 .78 3.92
Pre-irrigate hr. .61 1.22 1.22
Harrow hr. .17 .51 .45 .28 1.24
Plant hr. .20 .60 .92 46 1.98
Seed bed firmer hr. .26 .78 .55 .18 1.51
Cultivate lst hr. .59 1.77 1.46 .73 3.96
Cultivate 2nd hr. .50 1.50 1.25 .62 3.37
Cultivate 3rd hr. .32 .96 .80 40 2.16
Cultivate 4th hr. .32 .96 .80 .40 . 2.16
Irrigate hr. 4.60 9.20 9.20
Subtotal 9.67 23.80 13.92 7.60 45.32
Harvest Operations
Downtime hr. .96 2.88 2.88
Pick (2x) hr. 1.25 3.75 12.75 18.46 34.96
Haul hr. 40 1.20 .72 1.32 3.24
Management (10% of gross) 25.16 25.16
Land Charge (10% of 1,200) 12.00 12.00
Subtotal 37.16 7.83 13.47 19.78 78.24
Total 12.28 72.74 31.63 29.49 28.76 162.62
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Table I-2. Preliminary per acre enterprise cost and return budget for wheat on the
demonstration farm, La Mesa, New Mexico, 1975

Planting date(s): January 6 Gross Return: 210.12
Harvesting date(s): July 25 Expenses: 122.07
Yield: 3,502 Net return to capital: 88.05
Price: 6.00/cwt
Fuel Depreciation
Purchased and Insurance
Item Unit Quantity Inputs Labor Repairs Shelter Total
dollars dollars dollars dollars dollars
Purchased Inputs
Seed 1b. 120 12.00 12.00
Anhydrous ammonia 1b. 100 10.50 10.50.
18-46 1b. 100 20.00 20.00
Irrigation water ac-ft 1.0 4.50 4.50
Pump ac-ft .5 1.05 .69 1.74
Subtotal 47.00 1.05 69 48.74
Preharvest Operations
Disc hr. .28 .84 87 .63 2.34
Chisel hr. .33 .99 1.13 .57 2.69
Disc hr. .28 .84 87 .63 2.34
Plane hr. .34 1.02 1.33 1.00 3.35
Float hr. 17 .51 46 23 1.20
Border hr. .17 .51 46 23 1.20
Harrow hr. 17 .51 45 22 1.18
Drill hr. .26 .78 1.17 94 2.89
Irrigate hr. 2.0 4.00 4.00
Subtotal hr. 4.00 10.00 6.74 4. 45 21.19
Harvest Operations
Combine (custom) 1b. 100 12.25 12.25.
Hauling (custom) 1b. 100 5.95 5.95
Management (10% of gross) 1.0 21.01 21.01
Land Charge (6 months) 1.0 12.00 12.00
Downtime hr. .4 .93 .93
Subtotal 51.21 .93 52.14
Total hr. 4.0 98,21 10.93 7.79 5.14 122.07
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Table I-3. Preliminary per acre enterprise cost and return budget for tomatoes on the
demonstration farm, La Mpsa, New Mexico, 1975

Planting date(s): May 1 Gross Return: $75.00
Harvesting date(s): October 15 Expenses: 608.20
Yield: 13 tons/acre Net return to capital: 366.80
Price: 75.00
Fuel Depreciation
Purchased and Insurance
Item Unit Quantity Inputs Labor Repairs Shelter Total
dollars dollars dpllars dollars dollars
Purchased Inputs
Fertilizer 1b. 300 33.00 33.00
Urea 1b. 100 9,25 9.25
Seed 1b. 2/ac 30.00 30.00
Insecticide pt. 1,0 2.00 2,00
Herbicide qt. 1.0 15.86 15.86
Irrigation ac~ft 3 13.50 13.50
Subtotal 103.61 103.61
Preharvest Operations
Disc hr. .28 .84 .87 .63 2.34
Plow hr. .36 1.08 2.07 1.04 4.19
Disc hr. .28 .84 .87 .63 2.34
Plane hr. .34 1.02 1.33 1.00 3.35
List hr. .21 .63 .55 .27 1.45
Plant hr. .20 .60 ,92 46 1.98
Spray hr. .23 .69 .48 .35 1.52
Spray hr. +23 .69 .48 .35 1.52
Roll Cultivate hr. .59 1,77 1.46 .73 3.96
Spray hr. .23 .69 48 .35 1.52
Cultivate lst hr. .50 1.50 1.25 .62 3.37
Cultivate 2nd hr. .32 .96 .80 .40 2.16
Cultivate 3rd hr. .32 .96 .80 .40 2.16
Blocked hr. .25 .75 .95 .63 -2.33
Fertilize hr. ;20 .60 «92 46 1.98
Spray (hellicopter) acre 1.0 2,25 2.25
Hoe hr. 5.6 15.40 15.40
Irrigate hr, 4.8 9.60 9.60
Subtotal hr. 14.94 2.25 38.62 14.23 8.32 63.42
Harvest Operations
Pick ton 13 162.50 162.50
Load hr. 10.67 29.34 29.34
Haul ton 13 52,00 52.00
Subtotal 214.50 29.34 243.84
Downtime hr. 1.49 3.86 3.86
Management (10%Z of gross) 1.0 97.50 97.50
Land charge (8% of 1,200) 1,0 96.00 96.00
Subtotal 193,50 3.86 197.36
Total 513,86 71.82 14.23 8.32 608.20
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Table I-4. Preliminary per acre enterprise cost and return budget for alfalfa on the
demonstration farm, La Mesa, New Mexico, 1975

Planting date(s): November 1974

Harvesting date(s):
Yield: 6 ton/acre

Gross Return:
Expenses:

348.00
296.22

Net return to capital: 51,78
Price $58.00
Fuel Depreciation
Purchased and Insurance
Item Unit Quantity Inputs Labor  Repairs Shelter Total
dollars dollars dollars dollars dollars
Purchased Inputs ESTABLISHMENT
Fertilizer
0-46-0 ib. 300 27.75 27.75
Seed 1b. 30 49.50 49.50
Irrigation watex ac-ft .75 3.38 3.38
Subtotal 80.63 80.63
fstablishment Operations
Plow hr. .36 1.08 2.07 1.04 4.19
Disc (2x) hr. 56 1.68 L.74 1.26 4.68
Plane hr. .34 1.02 1.33 1.00 3.35
Fertilize hr. .20 .60 .92 W46 1.98
Drill hr. .26 .78 1.17 .94 2.8%9
Irrigate (2x) hr. .40 .80 .80
Subtotal hr. 2.12 5.96 7.23 4,70 17.89
Downtime . hr. .21 .60 .60
Management (1/2) acre 1.00 17.40 17.40
Land charge (8% of 1,200) 1.00 96.00 96.00
Subtotal hr. .21 113.40 .60 114.00
Total hr. 2.33 194.03 6.56 7.23 4.70 212.52
ANNUAL
Purchased Inputs i
Fertilizer 1b. 300 27.75 27.75
Insecticide qt. 1 2.81 2.81
Establishment Cost  1b. 1/5 42.50 42.50
Irrigation Water ac~ft 4 13.50 2.11 1.39 17.00
Wire 16.74 16.74
Subtotal 60.80 2.11 43.89 106.80
Maintenance Operations
Fertilize hr. .20 .60 .92 46 1.98
Spray hr. .23 .69 49 .35 1.53
Irrigate hr. 4.8 9.60 _9.60
Subtotal hr. 5.23 10.89 1.41 .81 13.11
Harvest Operations
Swath (5x) hr. .80 2.40 7.46 17.82 27.68
Bale (5x%) hr. 1.00 3.00 4.82 8.36 16.18
Subtotal hr. 1.80 5.40 12,28 26.18 43.86
Downtime hr. .70 1.65 1.65
Management (10% of gross) 1.0 34.80 34.80
Land Charge (8% of 1,200) 96.00 96.00
Subtotal 130.80 1.65 132.45
Total 191.60 17.94 15.80 70.88 296.22
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Table I-5. Preliminary per acre enterprise cost and return budget for corn (silage)

on the demonstration farm, La Mesa, New Mexico, 1975

Planting date(s): May 15 Gross Return: 161.00
Harvesting date(s): Sept. 15 Expenses: 232.45
Yield: 14 tons/acre Net return to capital: ~71.45
Price: 11.50/ton
Fuel Depreciation
Purchased and Insurance
Item Unit Quantity Inputs Labor  Repalrs Shelter Total
dollars dollars dollars dollars
Purchased Inputs
Fertilizer 1b. 200 22,00 22.00
Urea 1b. 100 9.25 9.25
Anhydrous ammonia 1b. 100 16.50 10.50
Seed 1b. 10 10.00 '10.00
Irrigation water ac-ft 3 13.50 13.50
Subtotal 65.25 65.25
Preharvest Operations
Disc hr. .28 .84 .87 .63 2.34
Plow hr. .36 1.08 2.07 1.04 4.19
Disc hr. .28 .84 .87 .63 2.34
Float hr. .17 .51 46 .23 1.20
Fertilize hr. .20 .60 .92 .46 1.98
List hr. .21 .63 .55 .27 1.45
Plant hr. .20 .60 .92 .46 1.98
Cultivate 1lst hr. .59 1.77 1.46 .73 3.96
Cultivate 2nd hr. .50 1.50 1.25 .62 3.37
Cultivate 3rd hr. .32 .96 .80 .40 2.16
Fertilize hr. .20 .60 .92 46 1.98
Irrigate hr. 2.80 5.60 5.60
Subtotal 6,11 15.53 11.09 5.93 32.55
Harvest Operations
Harvest hr. .28 21.00 21.00
Downtime hr. .61 1.55 1.55
Management acre 1.0 16.10 16.10
Land Charge acre 1.0 96.00 96.00
Subtotal 133.10 1.55 134.65
Total 198.35 17.08 11.09 5.93 232.45
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Table I-6.

Preliminary per acre enterprise cost and return

budget for fall lettuce

on the demonstration farm, La Mesa, New Mexico, 1975
Planting date(s): Sept. 1 Gross Return: 1,840.00
Harvesting date(s): Nov. 15 Expenses: 1,231.05
Yield: 460 ctn/acre Net return to capital: 608.95
Price: 4.00 ctn
Fuel Depreciation
Purchased and Insurance
Item Unit Quantity Inputs Labor Repairs Shelter Total
dollars dollars dollars dollars dollars
Purchased Inputs 1
Fertilizex 1b. 400 44.00 44.00
Urea 1b. 100 9.25 9.25
Seed 1b. 3/ac 64.50 64.50
Herbicide pt. 5/ac 5.65 5.65
Insecticide qt. i 2.81 2.81
Irrigation water ac-ft .8 5.40 5.40
Subtotal 131.61 131.61
Preharvest Operations
Plow hr. .36 1.08 2.07 1.04 4,19
Disc hr. .28 .84 .87 .63 2.34
Float hr. 17 .51 46 .23 1.20
Apply herbicide hr. .23 .69 .48 .35 1.52
List hr. .21 .63 .55 .27 1.47
Pre-irrigate hr. .61 1.22 1.22
Harrow hr. .17 .51 .45 .28 1.24
Plant hr. .20 .60 .92 46 1.98
Seed bed firmer hr. .26 .78 .55 .18 1.51
Cultivate lst hr. .59 1.77 1.46 .73 3.96
Cultivate 2nd hr. .50 1.50 1.25 .62 3.37
Cultivate 3rd hr. .32 .96 .80 .40 2.16
Cultivate 4th hr. .32 .96 .80 40 2.16
Apply insecticide acre 1.0 4,00 4,00
Thin hr.. 8.00 22.00 22.00
Hoe hr. 6.00 16.50 16.50
Irrigate hr. 4.80 9.60 9.60
Subtotal hr. 23.02 4.00 60.15 10.68 5.59 80.42
Harvest Operatiomns
Sales & Harvest
(1.75) ctn .805.00 805.00
Downtime hr. 2.30 6.02 6.02
Management (10%Z of gross) 1.0 184.00 184.00
Land charge acre 1.0 24.00 24.00
Subtotal 1013.00 6.02 1019.02
Total 1148.61 66.17 10.68 5.59 1231.05
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Table I-7. Preliminary per acre enterprise cost and return budget for chile on the

demonstration farm, La Mesa, New Mexico, 1975

Planting date(s):
Harvesting date(s):

April 15
October

1,275.00
670.58

Gross Return:
Expenses:

Yield: 7.8 tons-green 300 lbs-red Net return to capital: 604.42
Price: $150/ton-green $35/cwt
Fuel Depreciation
Purchased and Insurance
Iten Unit Quantity Inputs Labor Repairs Shelter Total
dollars dollars dollars dollars
Purchased Inputs
Fertilizer
18-46 1b. 300 33.00 33.00
Urea 1b. 100 9.25 9.25
Seed 1b. 2 17.00 17.00
Insecticide pt. 1 3.75 3.75
Irrigation water ac-ft 3.0 13.50 13.50
Pump ac—ft 0.8 1.69 1.11 2.80
Subtotal 76.50 1.69 1.11 79.30
Preharvest Operations
Cut stalks hr. .17 .51 45 .22 1.18
Disc hr. .28 .84 .87 .63 2.34
Plow hr. .36 1.08 2.07 1.04 4,19
Disc hr. .28 .84 .87 .63 2.34
Plane hr. .34 1.02 1.33 1.00 3.35
List hr. .21 .63 .55 .27 1.45
Pre-irrigate hr. .61 1.22 1.22
Harrow hr. .17 .51 45 .28 1.24
Plant hr. .20 .60 .92 46 1.98
Thin hr. 8.00 22.00 22.00
Spray hr. .23 .92 .48 .35 1.75
Cultivate lst hr. .59 1.77 1.46 .73 3.96
Cultivate 2nd hr. .50 1.50 1.25 .62 3.37
Cultivate 3rd hr. .32 .96 .80 .40 2.16
Cultivate 4th hr. . .32 .96 .80 .40 2.16
Irrigate hr. 4.80 9.60 9.60
Hoe hr. 5.60 15.40 15.40
Subtotal 22.98 60.36 12.30 7.03 79.69
Harvest Operations
Pick 1b. 15,600 225.42 225.42
Load hr. 9.25 25.43 25.43
Haul 1b. 15,600 31.20 31.20
Subtotal 256.62 25.43 282.05
Downtime hr. 2.30 6.04 6.04
Management (10% of gross) 1.0 127.50 127.50
Land charge (8% of 1,200) 1.0 96.00 o 96.00
Subtotal 223.50 6.04 13.99 8.14 229.54
Total 556.62 91.83 13.99 8.14 670.58
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ALBUQUERQUE JOURNAL

Sunday, December 14, 1975

By JEANNE GLEASON

In an attempt to help the farmer, the Environmental
Protection Agency is funding New Mexico State University
in a three-year project in the upper Rio Grande area,

The study focuses on both water quality and crop yields.

The project is an all-out effort to assist the farmer un-
prove water quality and thus meet the new federal water
quality standards for the Rio Grande.

The project centers on the JF. Apodaca Farms Inc.,
managed by Orlando Cervantes. The farm produces a wide
variety of crops, including tomatoes, peppers, chile, corn,
cotton, wheat and pecans.

_ Although detailed laboratory research on the problem
has been conducted, the principles learned in the lab are
now being applied on the demonstration farm. Under actual
farm conditions, the research encounters real-life econom-
ic, engineering and crop yield problems as well as water
purity problems. .

Cervantes has approved the installation of several units
of test and measurement equipment. He is also cooperating
with modifications of his irrigation management. The re-
searchers are looking at the relationship between water
salinity and different irrigation practices, such as drip irri-
[gation, lined ditches and the traditional flood method.

Specialists on the project measure the quality and quanti-
ty of the water as it leaves the irrigation channels or deep
wells. They again use the meters to record the amount and
salinity of the water as it returns to the Rio Grange water
system.

As the first crop year ends, the present quality of the
water and ground water level have been recorded. Next
year, the project will make additional changes in the irriga-
tion process and hopefully improve the quality of the irri-
gation return flow.

In future years, computers will be used to schedule crop
waterings to allow for the most benefit from irrigation
while maintaining the best water quality.

Project results can be extremely important to New Mexi-
co farmers. Each time water is used for irrigation, it is
degraded. For example, as water moves down the Rio
Grande, the salinity increases due to stream flow depletion
by consumption and impurities from natural and man-made
sources.

Irrigation accounts for 90 per cent of New Mexico's wa-
ter consumption.

During irrigation, the pure water is utilized by the plants
and the original salts are concentrated. Industrial and mu-
nicipal water use also adds salts to the river. When the
water accumulates a heavy salt and mineral load, it begins
!go salt-up the land, eventually rendering it worthless for

arming.

Although there are some saline areas in the U.S,, few
areas in New Mexico have been irrigated long enough to
cause heavy salting damage. However, poor irrigation
practices could seriously damage cropland in the South-
west.
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Project Studies Salinity

In Irrigation Return Flow

By Jeannre Gleason

NMSU Associate Agricultural EdHor

Salt bu!ld—u.p on New Mexico
farm land can be disastrous.
However, every irrigator using
water of less
than  distiled
quality ia
aware of the

Gleason
apply
more water than his erops need-

A RECORD of ground water
fluctuvation Is gathered by a
series of  plezometers
strateglcaily located across
the deménstration area.

THE QUANTITY AND QUALITY of the
open draln water flow 1s monitored as draln

Page 38  Southwest Farm Press

ed or his soll proflle could store,
Thus the extra water leached
away excessive saits,
Defintfe Problesus
Although the immediate
solutlon seems slmple enough,
there are dcﬂnite problems.
Unfertunately for the down-
siream user, this Jeached water
finds its way through the soil
profile to open drains. Sub.
soquently the water the
excessive salts returng to the
river where it Is reused on farms
downstream. ‘Thus, the water
becomes saltler with ench reuze.
While this irrigation return
Bow [3 a way of life and survival
inarid region farming, it is also a
big *"no-no’* under current
Envirenmental Protection

test le:ne to show how modern
water management techniques
can improve the rveturn ?low
qmuty and quantity.

four acre test aite near the
large dernonsiration farm will
show the feasibility of irrigating
&t or near 100 percent elficiency

water of medium sallnity
(1200 parts per milllon) while
maintaining optlmum crop yielde
over many years.

The main project centers on
the J. F. Apodaca Farms, Inc.,
which covers moere than 650
acres. The comme';:IaLﬂe{A

terprise produces a wide variety
of crops, including tomatoes,
peppers, chife, corn, vegetahlas.
cetton, wheat pecans. Thus
the NMSU researchers encoun!tr

Agency 1
reveals that this old method of
irrigation is actually a point-
source for water. pollution and
should be eliminated

water quality.

creates a real
for the fn;mir If the
tedmlque or leaching

1d 15 elimina

the
sa!t will bulld-up In the uand
virtually destroy ll;«i: a?‘l;'g
ca) tat
bl oo
s-Yuerjm

In an attempt fo help the
ﬁm&, the EPA ia tmxdlngf New

esent

-life
and crop yield problems In ad—
dltion to the water purity

objecﬂvc here Is
to monitor an on-going successh

and to danonstnte tho ef eﬂem of
salinity cof tochnlques, such
a8 canal lining, irrlgallon
scheduling and trickle

on the quality and quantity of the
ntering the Rle

flow @

To accomplish this, the normal
operutlon of the form waa

three year p:ojact in the
Rio Grande erea. ﬂm?mjm iu
an allout effort to ways to
deal with Irrigation return How
salinity control and thus meet
new federal water quality
for the Rio Grande, In
addition, the project is also
concerned with the affect of the

new techniques on the farmer’s -

crop yields,

Basically the project
demonstrates the feasibility of
large scale uze of alternative
waler management practices lo

the 1975
season, be[m'e n]fnx control
maasums m a.dded.

ez0 meters, &

ers, plezo
drl lrri ation sysiem, open
dra?n 8 systems and

other hardwm were installed.
Recordings of a “before”
nature were taken. S| on

dsep wells. They again used the
meters {o record the amount and
salinity of the water asz it
rdumedwtheRmendewﬂ:r

control the quality of drai

are also

return flow and sofl salinity.
Present day irrigation
technology will be used on the

area.

monllnrlng and collecﬂng such
obvious physical data as sofl
(See COMPUTERS, pg. 42)

water enters and jeaves the demonstration

Thursday, February 26,1976
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COOPERATING FARMER Orlando Cervantes, left,
ranager of the J. F. Apadaca Farms, keeps careful record
of fleld labor, production, equipment Hme and other

- economic Inputs which might affect the farm’s operation as

a result of an imposed salinity control regime.

A LATERAL LINE for drip irrigation was added to a flve.
acre pecan plot on the demonstration farm. A plgtale line
(contfer) distributes water 0 every tres.



Computers May Schedule Crop Waterings

{Continued from Page 38)

salinity buildup.
Checks Inputs

In addition, Orlando Cer-
vantes, manager of the JF,
Apodaca Farms, is keeping a
careful record of field labor,
equipment time and other
economic inputs which might
affect the farm’s cperation as a
result of an imposed salinity
control regime.

During the 1976 crop scason,
vatious water saving and salinity
control practices are being in-
stituted and their effects will be
noted at varfous data bases.

in future years, computers wiil
bhe used io schedule crop
waterings to allow for the most
benefit from Irrigation while
maintaining the best water

quality.
Team Supervigion

The EPA project is belng
conducted through the facilities
of the New Mexico Water
Resources Institute who has put
together a multi-discipllnary
team of
agricultural economists and
agricultural engineers with both
rescarch and Extension ex-
pertise to guide and direct the
project.

Robert R. Lansford, professor
of Agricultural Economics -
Water Resources Economics at
the New Mexico State Unlversity
Agricultural Experiment
Statlon, is the project coor-
dinator, Also representing the
NMSU Experiment Statlon are
Peter J. Wicrenga, associate

agronomists,

grnfessor of Agronomy, Soil
hysies.

Lynn W. Gelhar, associate
protessor of  Hydrology,
represents the Nesw Mexico
Insiitute of Mining and
Technology and Buck Sision,
research associste in Agronomy,
15 from NMSU.,

Charles M. Hohn, Extension
agricuftural engineer and Gene
Qi Extenston farm
management speciplist, serve
with the NMSU Cooperntive
Extension Service.

In a nutshel), the three year
study will evaluate the Feasibility
of controlling salinity by known
technology and evaluating [is
impact on the successful large
scale farming cperation i the
Upper Rlo Grande basin near
Las Cruces.

New Rases Take Time

A lot of time and money goes
Inte the development of & new
rose variety, points out a hor-
ticulturist for the Texas
Agricultural Extenslon Service.
It can take a5 long as 10 years to
produce a single new rose and
can cost up to $100,000.

Sclecting plants for color,
shape, firmness and seent s a
long, endurlng process, not to
mention testing for strength,
disease resistance and beauty.
Tests are made in gardens
throughout the Unlted States.

THE SEEPAGE LOSS occurring in Hined and unlined dlt-
ches Is compared in flefd laterals.

Page 42

Southwest Farm Press

WATER APPLIED FROM WELLS is
monltored by propeiler type meters In an
effort to record all inpuis to the irrlgation

operatlon. Cooperating farmer Cervantes
reads the meter prior to the start of the 1976
watering season,

Thursday, February 26,1976
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Appendix L. Listing of revised USBR computer program ACUMEN

Program Modif{cations:
A: cards changed
1 cards added
CH:  cards deleted, ¥ = no. of cards
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APPENDIX M

INPUT DATA AND A TYPICAL OUTPUT
FOR ONE MONTH FOR THE MESILLA VALLEY SIMULATION
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Appendix M.

Input data and a typical output for one month for the

Mesilla Valley simulation
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APPENDIX N

PLANT SCIENCE FARM DEMONSTRATION PLOT DATA
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Table N-2.

Staff gage and flow data for the Del Rio drain measuring station

Del Rio Drain

Del Rio Drain

Site A Site A Site B Site B Site A Site A Site B Site B
Date Stake Flow Stake Flow Date Stake Flow Stake Flow
1975 feet cfs. feet cfs. 1975 feet cts. feet cfs.
2-4 3.30 20.88 4.20 24,22 8-18 4.64 50.89 4.66 52.11
2-10 3.20 17.39 4.10 22.95 8--25 4.57 51.58 4,70 55.05
2-17 3.10 16.41 3.90 20.41 8-31 4,42 42.04 4.63 51.41
2-24 3.10 16.16 4.00 21.17 9-8 4.56 55.89 4 .84 59.62
3-3 3.15 17.25 4.00 22.47 9-16 4.16 41.88 4.58 48.25
3-10 3.30 21.86 4,15 27.38 9-23 4.10 38.62 4.50 45.29
3-17 3.40 24.03 4.20 30.94 9-30 4.14 42.90 4.52 49.54
3-24 3.60 32.29 4.40 36.99 10~-7 3.85 30.89 4.30 38.13
3-31 3.60 31.67 4.40 38.10 10-14 3.70 23.93 4,20 32.39
47 3.55 28.87 4.35 33.73 10-22 3.68 26.53 4.15 32.24
4-14 3.55 30.51 4.35 34.44 10-28 3.60 23.82 4.09 31.17
4-21 3.50 28.00 4,35 35.02 11-4 3.55 20.96 4.03 28.67
428 3.50 29.72 4.40 33.64 11-11 3.49 19.24 4.00 26.33
5-5 3.60 28.76 4,40 34.40 11-18 3.46 19.44 3.98 25.36
5-12 3.60 29.33 4.50 36.17  11-25 3.50 17.70 4.10 24,82
5-19 3.60 27.42 4.60 35.80 12-2 3.46 24.07 4.00 22.76
5-26 3.70 28.72 4.60 26.27 12-9 3.35 16.32 3.95 24.29
6-2 3.80 29.84 4.80 43.12 12-16 3.32 16.01 3.96 22.16
6-9 3.90 32.74 4.80 40.86 1230 3.45 14.66 3.95 21.44
6-16 4.00 34.79 4.90 43.03 1976
6~23 4.15 37.12 5.00 41.04 1-6 3.45 12.93 3.95 20.52
6~30 4.20 33.43 5.00 40.67 1-13 3.43 13.37 4,95 18.47
7-7 4.30 37.56 5.00 42,77 1-21 3.60 16.29 4.03 22.87
7-14 4.50 39.51 4.90 43.33 1-26 3.68 19.72 4,15 25.30
7-21 4,50 36.94 4.70 39.88 2-2 3.72 4,18
7-28 4.60 43.62 4.70 46.68 2-7 3.65 20.55 4.15 25.52
8~4 4,85 67.26 4.82 56.15 2-14 3.60 18.88 4.05 24.05
8-11 4.60 46.63 4.58 49,57
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Composition of water samples taken at Del Rio drain site A, 1975

Table N-3.

HCO, S0, NO,
(ppm)
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Composition of water samples taken at Del Rio dra

Table N-4.
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Table N-5. Electrical conductivity (mmhos/cm) and flow (m™/sec) of water at Del

Rio drain sampling sites A and B during 1975
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Table N-6. Estimated electrical conductivity (mmhos/cm) of return flow between

Del Rio drain sampling sites A and B for 1975%

Increase EC at EC at Increase EC of re-
Site B

Flow at

Flow at

turn flow

in EC

Site A

in flow
“m = mom w(mO/seC)m = -~ - -

Site B

Site A

Date

- e - . - - ST (meq/)m - - - - -

D ONA PO ODVOION YO AT DO DN -—ALRMNNDIN0DND A O
A ~NNMAN O OO P UN O NN FNT-ONMOCOA T NN 0N QO F AN~ P .0 NN
® 2 0% 00 2o g U 9% Q0% 00 P DOV g R OGN OO S Q90 O o % 00 0 0 o 0 6 @ 0 95X 9B O 9 O B

THANAN ~ 0 DO NN DN AN 0.0 MU G =N\ DM 0 ONNN D O3 N T O ed P OND O

VDOODO0VBOVLOORLODOTL0OQLOCUQIHNOCOOVOTLOOOSOODLITDO~ODOWOD

® 90 ® p @ ¢ g 0008 Q009 98O 9 90 QO L O 0N B O e S O g o0 0B Q0 0P 9 GO0 9 O QO

DOODD00DT00OVTODVOOODVOOTI0OTOOVOIODLOOVTDIDULROIDIDIO
f | ! t !

U QI et N e O3 QO o L0 T e W P THINLOD T U e T OO ¥ (O N 00 O 8210 0D vd MY U DY U g LI 2O e
NN AN 2 NN N NN SO NN NN NN AN DN NNy Nl oy NN YN Nt O ) N e
® 62 @ o ° % 0 99009 @ 0P P g E o000 g ¢ O 0O g 0T g0 0 g0 O ¢ %9 9 C¢ o0 0 G o O O O R o
b i ot ol ol g et e o ok ] el o e o ot a1 el e e i o e e ] o o 06l s e e ol ol e o i el g ) o] ol 1 g e el b e ok

Poo MY T VY LD 0030 Y NQ OO TN 0V o P UN A T (T3 L0 e N N D O O ST UV D D ey O 3 NS O IO
N O = N EGIY A NGN N N NN N NN ot 3] o e | el o) ed o ] red (3] =4O NG N N O g~ N D A
9 R ® e 0T Q0 F ¢ 0o ¢ a0 0O P9 ¢S 0 9 900 Qg ® O o SO e P SO G0 Qo DO o % 5 G P o
1ol b e e od A i g ol sl o 7 s g o ] o ol e o e e ool ] o e o ] ot ol ed S g ok sk ol e e €t el e 7o e yd

PIOINV-Y N D QOO NP AP D P N 27D D NV A AN DN IOCNND UMD AN O N

DOTND AT G AN O et O O~ M=tV I DNV DN PNLOWRDOL 9O~ QO NN

et e RO R e F B F e B e T e e B Ee AV I S T VRGN [N P R L o s T R o SN o B R SV NESN PPN F N TaV = RN Yoo TR purpie)

® o % 0 6 0 e % P o g 0 F g & 0w Y90 0 C 0 0 P g e o2 OV o B g o O 0 O O 0 O g 4 08 0 0 0O D A

DVODDATVLOVIDVDVOOVOLYLOLODVURNLOOVLDDUONIDUUDLLOOCCOIOQIOMNO
1 i I

PO QOO O APV A T N DN S AN DT SN 20 LN O RO D3 T O O
SN ALY D Y I U Y S OO AN N Y Y 0 u OGN DN G s v 3G U S A LD ) vt v (X it w7~ L0 ST 1A N\ Al
Y QOO0 pnN QWY ARPNPD DOM NNt ==Y N T AT AW NPFDIPOORANSNSOD 50
oooaocacooo‘eoo-naooonaao-an-.‘aeaaounaeacooo-osqo
DDAV OO0DDVD DD DRI ot O ot g e vl ) ] et ] ] e S e e e 4 (DD O YD DD O DI

N Q4 N4 VDRV D T IF VYT O LA i P N W O ot 2D 00 F 3 W LT md N U D g O Y SN
NDVIOVRP DNV~ OAR A DD G AP SN DAT IS AONGF OPD D PP AN Fr ) D 000 U ~ed
M FANH/D F T FO OV 0 VWSOV O WEIUN PO NI NDNNY 3 e )~ 2D 0 L) AN AU -F T
2 290 0 ¢g 80 g9 0 g0 %9 R g 9N o o e 0 C 500 g8 SO OC OB 0O G g P OO O g ¢ O g 0
PODVDVODDVOLOA0VDVIDVLICO O il —tdroad b g = ] 4 = e =l ek =t T3 SOOI DO DD

TR FOMNET 0T =T = 0NED GNP DI Pl 0P =GN I YD~ D P00 N VO
NN ] M N N N SO el N e N o AV T N N A 23 ¢ —4Vy
Bt i e i e R e e N
TEH el NN NN O F T F PO ADNO 0D D OB 0N DVPR DRI DDt =N NN
1ok o ok ek e =l ] o vk g -t rond

1.56

MEAN=

ECB X flowB - ECA x flowA
flowB - flowA

*Electrical conductivity as caluclated by the equation:
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Table N-7. Estimated electrical conductivity (mmhos/cm) of return flow between

Del Rio drain sampling sites A and B for 1975%
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*Electrical conductivity as calculated by the equation:

Table N-8. Estimated Ca concentrations of return flow between Del Rio drain

sampling sites A and B for 1975%
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#*Ca concentrations as calculated by the equation:
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Table N-9. Estimated Na concentrations of return flow between Del Rio drain

sampling sites A and B for 1975%
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“Na concentrations as calculated by the equation:
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Composition of water samples taken from the

Science Farm, NMSU during 1975
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Composition of water samples taken from test well #1 on the Plant Science

Farm, NMSU, during 1975

Table N-12.

HCO, 50, NO,
(ppm)
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Composition of water samples taken from test well #2 on the Plant Science

Farm, NMSU, during 1975

Table N~13.
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Composition of water samples taken from test well #3 on the Plant Science

Farm, NMSU, during 1975

Table N-14.

NO3
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Composition of water samples taken from test well #4 on the Plant Science

Farm, NMSU, during 1975

Table N-15.

CO3 HCO3 SO4 NO
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Composition of water samples taken from test well #5 on the Plant Science

Farm, NMSU, during 1975

Table N-16.

CO3 HCO3 SD4 NO3
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Electrical conductivity (mmhos/cm) of water samples taken from the irrigation well and test wells 1-5 during 1975

Table N-17.

Test well 4 Test well 5

Test well 3

Test well 1 Test well 2

Irrigation well

ECxlO3 Date ECxlO3 Date ECxIO3 Date ECxlO3 Date ECxlO3 Date ECx103
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