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GROUND-WATER CONDITIONS IN THE RINCON AND
MESILLA VALLEYS AND ADJACENT AREAS
IN NEW MEXICO

By C. S. ConovERr

ABSTRACT

The Rio Grande in New Mexico winds through a succession of basins lying between
isolated northward-trending mountain ranges constituting part of the Basin and Range
physiographic province, The flood plain of the Rio Grande, in general, consists of wide
and narrow sections corresponding to alternately soft and hard rocks traversed by the
tiver, The Rincon and Mesilla Valleys are the two southernmost expanded flood plains
of the Rio Grande in New Mexico and ate parts of the Rio Grande project of the U. S.
Bureau of Reclamation. Water for the project is stored at Elephant Butte Reservoir,
which was constructed to equalize the flow of the river to the Rio Grande project be-
cause large variations occur in the natural flow, Caballo Dam, about 20 miles south of
Elephant Butte Dam, permits control of irrigation water to the project after its use for
generating electric power at Elephant Butte Dam.

After the heavy precipitation of 1941, Elephant Butte Reservoir filled to capacity,
2,197,600 acre-feet, but drought conditions followed, and by early 1946 the reservoir
contained less than a year’s normal supply of water for the project. The Elephant Butte
Itrrigation District, the administrative control agency for the New Mexico part of the
project desired to know whether it would be advisable to try to develop 2 supplemental
ground-water supply for the district. The District and the U, S, Geological Survey signed
a cooperative agreement whereby the Ground Water Branch of the Survey would make a
ground-water study of the area to determine the feasibility of using ground water to sup-
plement the present supply of surface water for irrigation in the district.

Below Elephant Butte Dam the Rio Grande flows westward for about 6 miles across
the northern end of the Caballo Mountains, a fault-block mountain of pre-Cambrian, Pale-
ozoic, and Cretaceous rocks dipping to the east, The river then turns south, following
the westem base of the mountains, The land rises gently west of the river in a series of
pediment slopes toward the Black Range, which forms the Continental Divide. At the
south end of the Caballo Mountains the river swings southeastward and crosses the
northward-trending Jornada del Muerto, an intermountain basin, and its southern exten
sion, La Mesa, the river being bounded on the east by the Dona Ana, Organ, and Frank-
lin Mountains. These mountains consist largely of tilted Paleozoic sedimentary rocks on
a basement of pre-Cambrian rocks, but they also contain Tettiary volcanic rocks. The
bolsonlike troughs between the mountains east and west of the river are filled with Tet-
tiary and Quaternary sands, silts, clays, and gravels, constituting a valley fill that be-
longs largely to the Santa Fe formation of Miocene and Pliocene age. Overlying this ma-
terial and terrace gravels, basalt lava flows, and the flood-plain deposits of the Rio
Grande, the latter forming the' smooth valley floor, generally bordered by steep bluffs,
which may exceed 100 feet in height

Ground water occurs beneath the plains of La Mesa and Jomada del Muerto, Gener-
ally the water is unconfined—that is, water-table conditions exist. The map showing
contours of the water table indicates that the ground water flows from La Mesa toward
the valley rather than following a possible former course of the Rio Grande toward Mexi-
co. The hydraulic gradient of the water table ranges from as little as 1,2 feet to the mile
in the central part of La Mesa, where the aquifer is thick, to more than 100 feet to the
mile on the steep slopes along the mountains, where the aquifer is relatively thin and
the water is apparently upheld by the buried impermeable rocks of the mountains, The
depth to water is generally greatest (more than 400 feet) in the central parts of the
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2 GROUND-WATER CONDITIONS, RINCON AND MESILLA VALLEYS

plains, and least (less than 100 feet) toward the edges of the plains, near the mountaias,
and along the valleys, The ground water beneath the plains is recharged from precipita-
tion upon the upland and mountainous areas. In the La Mesa area, the recharge is esti-
mated to be about 0.02 inch of water per year, The average annual precipitation is a little
less than 10 inches, The ground water from beneath the plains is discharged to the Rio
Grande at a rate estimated to be less than 1 cubic foot a second per mile of valley, with
that part in the Mesilla Valley approximating 40,000 acre-feet a year.

Water of the Rio Grande which generates hydroelectric power at Elephant Butte Dam is
stored in Caballo Reservoir for irrigation use. Diversions from the Rio Grande to the irri-
gated lands of the district are made at Percha Dam in the Rincon Valley and at Leasburg
and Mesilla Dams in the Mesilla Valley, A drainage system, consisting of 42 miles of
open drains in the Rincon Valley and 226 miles in the Mesilla Valley, discharges return
irrigation seepage to the Rio Grande,

The depth to the water table in the valley fill along the flood plain in the Rincon and
Mesilla Valleys is generally less than 10 feet, The ground-water level rises during the
irrigation season to a high level in late August and declines during the nonirrigation sea-
son to its lowest level in Febmary or March, The water table, in general, slopes down the
valley at a rate of about 4,5 feet to the mile, which is essentially the same as that of the
valley floor. The ground water in the valley fill of the flood plain is recharged by infil-
tration of water applied to the land for irtigation, seepage from canals, seepage from cer-
tain stretches of the river, precipitation upon the flood plain, and ground-water flow from
the mesas and other elevated areas. Recharge by direct infiltration of precipitation is, on
the average, small,

Discharge of ground water in the valleys is essentially by seepage to the drains and
parts of the tiver and by transpiration by plants in areas of high water table, Discharge
of ground water in the project, as represented by the water returned to the river by the
drains, is 249,400 acre-feet a year when a normal supply of surface water is available for
irrigation. A quantity of ground water, which has not been exactly determined, is dis-
charged directly to the river in certain stretches,

The coefficient of transmissibility of the alluvial deposits in the Rincon and Mesilla
Valleys averages 75,000 gallons a day per foot, as determined from pumping tests on 7
wells and from the relation between the accretion to 7 drains and the slope of the water
table perpendicular to them.

Ground water obtained by pumping in the Rincon and Mesilla Valleys does not represent
an additional supply or new source of water to the project, but rather a change in method,
time, and place of diversion of the supplies already available.

Sufficient water for irrigation can be obtained from wells throughout the major part of
the Rincon and Mesilla Valleys, Wells will “sand up’’ and special well construction may
be necessary to control it. Water for irrigation, generally in small amounts, can be ob-
tained by drilling wells on the low bench lands that border the valley floor and in the
artoyos cit in them, Some wells in these areas will have only small yields,

In 1946 the anticipated shortage of surface water gave impetus to the drilling of wells
for irrigation water in the Mesilla and Rincon Valleys. The number of irrigation wells in-
creased from 11 at the end of 1946 to about 56 at the end of 1947. By February 1948, 14
additional wells had been constructed or wete under construction,

Some of the lands now irrigated from wells do not have water rights under the Rio
Grande project. Thete are about 15,000 acres of such lands on the flood plain and border-
ing higher land which could be irmrigated by ground watet, These lands, if developed,
would ultimately utilize about 38,000 acre-feet of water annually on a basis of 2.5 acre-
feet per acre,
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GROUND-WATER CONDITIONS, RINCON AND MESILLA VALLEYS 3

The writer concludes that in a hypothetical year having only 50 percent of a normal
supply of sutface water available for diversions, the project lands would require an ad-
ditional acre-foot per acre of water from wells to assute successful irrigation of the
crops. However, because of the reduction in flow of the drains caused by pumping and
because of losses in distribution, the use of water from wells to supply this deficit
would require pumping 2,42 acre-feet per acre, or 213,000 acre-feet a year for the 88,000
acres of water-right land in New Mexico, Of the amount pumped, it is calculated that all
but 63,000 acre-feet would be diverted from sutface-water flow. If supplemental pumping
wete resotted to for 5 successive dry years, continued pumping would be necessary for
3 to 4 years after a return to normal surface supply so as to pemit bypassing of the re-
quired share of water to the El Paso district, awaiting the restoration of ground-water
storage by recharge from surface water.

The total cost of pumping equipment and pumping of this supplemental water for a
period of 5 years with about 50 percent of nomal surface supply, such as has been re-
corded in the past at San Marcial gage above Elephant Butte Reservoir, would be approx-
imately one-fifth of the resulting additional gross crop retums, on the basis of the aver-
age gross return per acre from 1937 to 1946,

Substitution of pumping of ground water for the usual winter releases of surface water
for irrigation of a small percentage of the lands would result in a saving to the project of
possibly 34,000 acre-feet of water annually if no water were allowed to bypass the proj-
ect in the winter,

The chemical quality of the shallow ground water in the alluvium of the Rincon and
Mesilla Valleys is slightly poorer than that of drain water but is satisfactory for most
irrigation requirements. Comparatively good water is obtained on the surrounding high
lands and in the arroyo beds.

As water pumped from wells in the Rincon and Mesilla Valleys is not an additional or
new supply but rather water that is nommally intercepted by the project, continuing rec-
ords should be kept of the amount of water pumped, of water-level measurements, and of
the location and performance of the irrigation wells. Measurements of the flow of the
drains should be made petiodically and at enough points to determine the magnitude of
the effect of pumping upon the flow of the drains,
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GROUND-WATER DEVELOPMENT 107

casing when the well is pumped, resulting in reduced yield. Many
of the domestic wells are equipped with small automatic pressure
pumps,

IRRIGATION SUPPLIES

Development of irrigation wells was quite rapid in 1947 and 1948
as a result of the anticipated shortage of surface water, At the
end of 1946 about 11 irrigation wells were inoperation in the Rincon
and Mesilla Valleys, 5 of which had been inoperation for a number
of years, By the end of 1947 about 45 additional wells has been
drilled for irrigation and other wells were in the process of being
drilled, However, not all the new wells were equipped with pumps
and a few, undoubtedly, will prove unsuccessful., About 70 wells
drilled in the Mesilla and Rincon Valleys by February 1948 appar-
ently had or would have sufficient water for irrigation,

Twelve of the irrigation wells drilled and equipped with pumps
by the end of 1947 are on the side slopes of the valleys, above the
level of the valley floor and present canal system., Eleven of these
wells of which 9 were drilled in 1946 and 1947, are in the Rincon
Valley, and the other 2 are in Mesilla Valley.

Owing to the anticipated shortage of surface water in 1948, normal
winter releases of surface water were suspended from the end of
the growing season in 1947 to the beginning of the growing season
in 1948. No surface water was to be delivered in 1948 to lands
classified as suspended, and only 2 acre-feet per acre was to be
allowed initially on the classified lands., Because of these water-
conservation measures, many irrigation wells were drilled to
serve tracts of land devoted to truck crops that require winter
irrigation and to tractsclassified as suspended. However, irriga-
tion wells have been drilled also on SCC classified lands (p. 18)
as a crop-insurance measure in the event of a shortage of surface
water,

PERFORMANCE OF EXISTING WELLS

The discharge of a well, other things being equal, is dependent
upon the size and condition of the pump and its speed, whichin
turnis dependent upon the amount of power available, A pump dis-
charging only a few gallons a minute does not in itself indicate
whether the well is a poor well or a good well, In order to make a
comparisonbetweenwells the specific capacities are usually given,
expressed in gallons a minute per foot of drawdown, For a partic-
dlar well this value is generally regarded as nearly constant for
reasonable values of drawdown., For cased wells the specific
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108 GROUND-WATER CONDITIONS, RINCON AND MESILLA VALLEYS

capacity depends to some extentupon the perforations in the casing.
If they become plugged or are insufficient in total area a low specific
capacity may be indicated even though the aquifer is highly
permeable.

The ultimate yield of and drawdown of water level in most of the
wells can be inferred from the hydrologic characteristics of the
aquifer, the coefficient of transmissibility, and the specific yield,
Based on results of pumping tests and correlation of drain flow
with ground-water gradients, the average coefficient of transmissi-
bility for the Rinconand Mesilla Valleys is estimated to be 75, 000
gpd per foot, In other areas of New Mexico where irrigation from
wells is done successfully the average coefficient of transmissibility
ranges from about 50,000 to about 100,000, In addition to the
favorable coefficient of transmissibility, the water is quite shallow
under the valley floor of the Rincon and Mesilla Valleys as com-
pared with depths to water of 30 to more than 100 feet in other
areas in New Mexico where ground water is pumped.

 Reliable information on some of the present irrigation wells in
the Rincon and Mesilla Valleys is lacking, particularly of those
that had not been equipped with pumps by the time field work on
this investigation had ended. Of 9 wells in the Rincon Valley floor
equipped with pumps, the discharges, either measured or reported,
range from 250 to 1,000 gpm. The specific capacities of 5 of the
wells range from 57 to 96 and average about 70 gpm per foot of
drawdown, values which indicate good irrigation wells.

In additionto the irrigation wells in the valley floor in the Rincon
Valley, about 15 wells have been drilled on the alluvial fans of the
arroyos west of the valley, 12 of which are equipped with pumps.
The discharges of 11 of these wells, either measured or reported,
range from 250 to 850 gpm and the specific capacities of 10 of them
range from 11 to 100 and average about 50 gpm per foot of draw-
down.

Two wells above the valley floor in the Rincon Valley, drilled
by Mr. Osborn for irrigation, were unsuccessful. Well 18, 5. 25,
341, in the alluvial fan of Percha Creek, produced only about 125
gpm with a drawdown almost to the bottom of the well. Well
17.5.10, 442, on top of the bluff of the Santa Fe formation over-
looking Montoya Arroyo, obtained only a small quantity of water,
which was under sufficient pressure to rise to about 30feetabove
the adjacent arroyo bed.

In the Mesilla Valley, by the end of 1947, there were about 24
irrigation wells on the valley floor and 2 on the alluvial slopes
above the valley floor that were equipped with pumps. Also com-
pleted were 4 wells on the valley floor and 3 above the valley
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GROUND-WATER DEVELOPMENT 109

floor that were drilled for irrigation but not equipped with pumps.
In addition, there were other wells in the process of being drilled.
Only 4 of these 33 wells were in existence prior to 1947, and 1 of
the new wells, on the horticultural farm of the State College, is a
replacement of a previous irrigation well.

As most of the irrigation wells in the Mesilla Valley are quite
recent, their performance characteristics are not generally known.
This is especially true of the drawdown of the water level when the
wells are being pumped. The reported discharge from 16 of the
wells on the valley floor range from about 600 to more than 2, 000
gpm, with reported specific capacities for 8 of the wells ranging
from less than 20 to about 60 gpm per foot of drawdown, The dis-
charge measured for 2 wells were 1,100 and 1,270 gpm, with
specific capacities of about 25 and 97,

As tractors furnish power for many of the wells at the present
time, it is probable that the pumps are not being operated at
capacity. Continued use of the wells generally results in an in-
creased capacity as the fine sand from the formation around the
well is removed. Running sand tends to fill the wells and causes
the ground surface to cave. In order to keep the sand from filling
the wells, constant pumping of the wells during development should
be continued as long as the water contains sand. In addition to this
trouble with sand, the inadequate perforations in some wells be-
come plugged with fine gravel and sand.

The T. L. Simpson irrigation well furnishes an example of the
effect of sand running into a well and of inadequate or clogged per-
forations. The well was drilled to a depth of 80 feet and the lower
20 feet of the casing was perforated with a Mill's knife. Large
gravel was penetrated from 55 to 80 feet, Initially the pump dis-
charged a maximum of about 800 gpm when the water level was
drawn to the bottom of the pump suction pipe at about 60 feet, After
cleaning out 10 feet of sand and gravel that had come into the well
and reperforating the casing, the discharge of the pump was in-
creased to 1,200 gpm with a smaller drawdown,

In order to reduce caving of the groundsurface around the well,
many wells are not drilled larger in diameter than the casing.
The annular space between the hole and the casing is then filled
with gravel, which fills the cavity that isformed by removal of the
sand when the well is pumped. So far as the long-term yield of
the well is concerned, gravel packing does not increase the dis-
charge of the well, The ultimate production of a well is dependent
upon the permeability of the formation surrounding the well at a
distance and cannot be changed by the addition of the gravel.
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110 GROUND-WATER CONDITIONS, RINCON AND MESILLA VALLEYS

Packing together of the gravel and sand and filling of the perfora-
tions by the mixed gravel and sand may cause the permeability
around the well to be lower than that of the sand alone and may
actually decrease the discharge of the well at a given drawdown.
Wells that can be developed by removal of the sand without caving
of the ground surface and without the gravel will be as productive,
if not more so, than if gravel is used, If a large amount of gravel
is used, if the perforations of the casing remain open, and if the
porosity of the gravel is not reduced by the sand, the gravel serves
to enlarge the effective diameter of the well, decreasing friction
and consequently increasing its specific capacity, Gravel of a
single size has a high porosity and is to be preferred to gravel of
mixed sizes, which packs tfighter and results in a lower porosity.

Performances of the present irrigation wells indicate that suc-
cessful wells can be obtained nearly everywhere on the valley
floor of the Rincon and Mesilla Valleys, provided that proper drill-
ing and development methods are used to care for the large amounts
of fine running sand. Reports of drillers suggest that more fine
sand may be found in the lower part of the Mesilla Valley than in
the remainder of the valley. Wells in the Selden Canyon area of
the Rincon Valley and in the extreme upper part of the Mesilla
Valley will be near mountain masses which delimit the sediments
supplying water to the wells and result in comparatively large
drawdowns after a period of time.

Irrigation wells on the alluvial slopes above the valley floor
generally will be successful, although the capacity of most such
wells will be smaller than that of wells in the Quaternary alluvial
fill of the valley. Some attempts to obtain wells on the alluvial
slopes will fail because of the local predominance of clay and fine
sand mixed. Some difference is to be expected in the permeability
of the undisturbed Santa Fe formation that forms the bluff along the
valley and of the alluvial fans, slopes, and arroyo deposits formed
from the erosion of the Santa Fe formation. However, no definite
difference in the yield of wells drilled in these deposits has been
noticed, good and poor wells having beencompleted in both the un-
disturbed and the reworked deposits.

FUTURE DEVELOPMENT

The extent to which irrigation from wells will be practiced in
the future is dependent in large measure on whether surface-
water supplies for the project lands continue to be insufficient.
It isalso dependent on whether farm prices conductive to develop-
ment of new lands continue in effect. The present average farm
cash return is at an all-time high, with indications that favorable
conditions will continue for some time.
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GROUND-WATER DEVELOPMENT 111

Even if sufficient surface water becomes available for the proj-
ect lands, including those classified as suspended, the incentive
for development of irrigation wells on high lands bordering the
valley will remain., The initial cost of such land is comparatively
small and its economic development probably can compete favor=-
ably with that of the project lands.

The acreage of land thatcan be irrigated by surface water in the
Rincon and Mesilla Valleys has reached the maximum possible,
being limited primarily by the amount of water available, In general
less thanone-third of the suspended land has been given water each
year. It is supposed that in a dry year this part of the suspended
land, about4, 600 acres in1946, would not be allowed to have water,
Therefore in such a dry year, when even land having a full water
right might not have a full supply of water, there would be a tend-
ency for farmers who have large tracts of suspended land to in-
stall pumps. This might also occur where anacreage of suspended
land is being farmed in conjunction with land having a water right,
A small tract of suspended land probably would not be irrigated in
a dry year as in general it would not be economically feasible to
install an irrigation well and pumpon a tractof less than 20 acres,
If there happened tobe a few such small tracts adjoining each other
it is possible that the owners might put down a cooperative well,

In 1946 there were 135 tracis of 20 acres or more of suspended
land of all classifications in the Rincon and Mesilla Valleys, in-
cluding the Texas portion of Mesilla Valley, with a total area of
5,822 acres, as given in the following table. This might be an
indication of the maximum area of suspended land upon which wells
would be drilled forirrigation, This areaof 5,822 acres is slightly
more than the 4, 606 acres of suspended land reportedly irrigated
with surface water in 1946, although not necessarily comprising
the same tracts of land. The suspended land irrigated in 1946 was
mainly land classified as seeped (waterlogged).

In addition to suspendedland in the valleys that might be irrigated
with ground water, a large part of which is now irrigated by sur-
face water, new land susceptible to ground-water irrigation is
availahle that is not now being farmed. This additional land is not
now being farmed, 'This additional land is not within the area served
by canals and some of it is located outside the boundaries of the
Elephant Butte Irrigation District. The results of a reconnaissance
survey by G. R. Chenot include the estimated maximum acreages
of land that might be susceptible to irrigation by water from wells.
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GROUND-WATER DEVELOPMENT 119

sloping line determined by the intersection of a horizontal line at
the distance of the well from the stream or a drain and a vertical
line at the time since pumping started. The residual effect of a
pumped well after pumping stops can be determined by the differ-
ence in effect caused by a well pumping continuously from the time
of start to the time in question and a recharge well pumping from
the time of actual stop to the time in question,

This diagram shows that if a well inthe Rincon or Mesilla Valleys
were located aquarter of a milefrom a drain the flow of the drain
would be reduced after 3 months of continuous pumping by 63 per-
cent of the pumping rate, after 6 months by 73 percent of the
pumping rate, and after 1 year by 81 percent of the pumping rate,
After 6 months of continuous pumping the flow of a drain would be
reduced by 88 percent of the pumping rate for a well located an
eighth of a mile from the drain, 73 percent for a well located a
quarter of a mile from the drain, 50 percent by a well located half
a mile from a drain, and 18 percent by a well located 1 mile from
a drain. Within 12 days 50 percent of the water pumped by a well
located an eighth of a mile froma drain would be diverted from the
drain,*but it would take about 2 years for a well located 1 mile
from a drain to have the same effect, If a well located a quarter
of a mile from adrain were pumpedfor 6 months and then stopped,
the drain would still be losing water 1 year after the start of
pumping, or its accretion would be reduced, at 8 percentofthe
pumping rate,

As evident from the formula and the graph, if the distance from
the well to a drain is doubled the time necessary for the same
effect upon the drain is four times as long; that is, for the same
effect, the time varies as the square of the distance,

The effect of pumping upon the flow of a stream or a drain, in
which the water is in free communication with the ground water,
will be evidenced initially either by a decrease in the accretion of
ground water by a gaining stream or drain, or by an increase in
the rate of loss of water from a losing stream or drain, With
continued pumping, in the case of a gaining drain or stream, the
gradient of the water table would be reversed and the drain or
stream would lose water inthe sectionaffected and finally in either
case, if the pumping rate were great enough, the stream or drain
would be dried in that section,

In order to dry the drains, the pumping effect per mile of drain
must be at least equal to the accretion of the drain per mile, The
average drainflow accretion under the present conditions of an
average surface supply of water is about 0,8 cfs per mile in the
late winter months, increasing to almost2 cfs per mile in the late
summer, with a maximum range from about 0.5 to 2.5 cfs per
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120 GROUND-WATER CONDITIONS, RINCON AND MESILLA VALLEYS

mile based upon the total lengths of the drains, Certain stretches
will probably show greater or less accretion than this., Wells
placed a quarter of a mile from a drain at 1-mile intervals, each
pumping continuously at the rate of 3 cfs, theoretically would dry
a drain in the summer under the present conditions of drain flow
after about 4 months of pumping. In a year with less than the
average supply of surface water, the flow of the drains wouldbe
less than normal and the amount of pumping required to dry the
drains would be less,

The theoretical effect of the pumping of a well upon the flow of
a drain is possibly somewhat greater than would actually occur at
any particular time because of clay layers that extend under the
drains, which might introduce a lag in the effects of pumping from
wells that extend below the clay layers.

If a well were located between drains or between a drain and the
river, the total depletion of their flow after any given period of
pumping from the well would be greater thanif only one drain were
involved, As theultimate effect is the same, locatinga well between
drains only speeds up the effect of the pumping, This accelerated
effect of the pumping probably would offset the possible lagcaused
by the stratification of the aquifer,

The maximum practical distance that a well can be located from
a drain or the river in the Rincon and Mesilla Valleys is about a
mile because of the narrowness of the valleys and the numerous
drains, At the northern end of the Rincon Valley in the vicinity of
Arrey, where there are no drains, a well on the valley floor could
be asfar asa mile from the river, Also, near Salem the maximum
distance from adrain thata well on the valley floor couldbe located
isabout a mile, In the remainder of the RinconValley the maximum
distance from eithér the river or a drain is less than a mile, in
generalbeingcloser tohalf a mile, and for a large number of wells
the average distance probably would be between a quarter andhalf
a mile, In some areas it would be necessary to locate a well near
a canal in order to be at a maximum distance from the river or a
drain,

In the Mesilla Valley, where drains are more numerous than in
the Rincon Valley, practically the only area where wells on the
valley floor could be more thana mile from the river or a drain is
in Las Cruces, The maze of drains in the rest of the valley pre-
cludes locating a well much more than half a mile from the river
or a drain and then the well might be near a canal, Also, in most
of the valley a well 'would be situated betweentwo drains or adrain
and the river, which would increase the total effect of pumping at
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GROUND-WATER DEVELOPMENT 121

any particular time over that upon one drain, For a number of
wells the average distance to the river or a drain probably would
be between a quarter and half a mile, and many of the wells would
be between two drains or between a drain and the river.

As the flow of the drains is derived principally from return
seepage from irrigated lands and from canals and as interception
of this seepage by a well results ina decrease in flow of the drains
such interception does not reduce the ultimate effect of the pumping
upon the flow of the drain.

SUPPLEMENTAL PUMPING OF GROUND WATER IN A DROUGHT PERIOD

Under the present conditions in the Rincon and Mesilla Valleys
the surface and ground waters are in approximate equilibrium,
The surface water is diverted throughout the year to the canals
and irrigated land and a certain percentage that is not lost by
evaporation and transpiration seeps underground and returns to
the river directly or by drain flow for reuse in the next lower
irrigation division, The drain flow, as stated before, is composed
almost entirely of return diversions and seepage of river water
but it contains a small amount of ground-water flow from the side
mesas, The drainflow is not waste water insofar as the next lower
irrigation unit is concerned but instead is counted upon as a part
of the water supply of the project. Thus, no water is wasted in
the project except by transpiration and evaporation—the total
amount of which is increased if water is used carelessly—and for
the small quantity that bypasses the lower unit, especially during
the winter,

Pumping of ground water for supplemental use does not represent
an additional supply or new source of water but rather a change in
in method, time and place of diversion of available supplies,

The pumping effect of one well upon a drain has been discussed
in another paragraph, The remaining water pumped that is not
diverted from the drains or the river or saved from evapotran-
spiration at any particular time is taken from storage. As seen
from the graph, figure 15, the percentage of water taken from
storage in the case of a single well pumping for 6 months ata
distance of a quarter of a mile from a drain is only about 27 per-
cent, Thus on a short-term basis of 1 year, only about a quarter
of the water pumped is taken from storage and represents water
not otherwise available during that year,

Thus, on a year-to-year basis, the net gain of water to the
district is that quantity of water pumped in excess of the decrease
in normal drainflow caused by the pumping, This net gain of water
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122 GROUND-WATER CONDITIONS, RINCON AND MESILLA VALLEYS

is water taken mainly from storage, that is, borrowed from the
ground-water supply. This borrowed water must be replaced in
future years if the flow of the drains is to return to normal,

If in future years no excess surface water is available to the
project to raise the ground-water level to the nonpumping stage,
then pumping must be continued, even in a year of normal water
supply, unless the pumped water is used more efficiently than
surface water, in which case the total amount needed would be
less and the debt to ground-water storage could gradually be
redyced.

The economy of a supplemental pumping project in the Elephant
Butte Irrigation District depends upon the quantity of water that
must be pumped. This in'turn depends upon how the gravity water
in the Rio Grande project is distributed to the various valleys,
what economies could be effected in its distribution, and what
salvage of water would occur by reason of the lowered water table
in a dry year., The distribution of surface water might be in pro-
portion to the average diversions, or to the average river deple-
tions. It might be assumed that pumping would be done in the El
Pasodistrict also, which would save some water that would other-
wise drain from the land, and thus provide more water for the
project; or it might be assumed that the El Paso district would not
install pumps also, in which case the Elephant Butte district might
be regarded as having an obligation not to interfere with the de-
liveries of water to the lowerdistrict. Some water would be saved
from evaporation by drying of the drains and by lowering of the
water table in waterlogged areas.

For the purpose of this study it is assumed that direct canal
waste would be largely eliminated throughout the project and that
the Elephant Butte district has no obligation to the lower district
to continue this direct loss. It is assumed also that an obligation
does exist to continue to deliver the average proportionate drain
flow, which is taken to be 40 percent of the gross diversions.

As stated on page 52, in a hypothetical year in which the sur-
face supply of water available for diversions is only half the
average, it is believed that 2, 28 feet of water could be delivered
to the farms, or about 1 foot less than that needed for successful
irrigation of the crops. If the additional foot of water were sup-
plied by pumping ground water into the canals, some loss of the
pumped water would occur, owing to waste and to seepage from the
canals., Owing to closer control of the pumps and to the shorter
distance that the pumped water would travel inthe canals as com-
pared with surface water, a wastage of 3 percentanda seepage loss
of 17 percent of the pumped water may be assumed. This combined
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loss of about 20 percent is compared with a probable minimum of
30 percentfor gravity water. Every additional acre-foot of pumped
water delivered to the farms, therefore, would necessitate pumping
about 1. 25 acre-feet.

However, pumping of wells would diminish the drain flow. This
decrease in drainflow presumably would necessitate a correspond-
ing decrease in the allowable diversions for the Elephant Butte
Irrigation District.

The narrowness of the valleys and the large number of drains
preclude locating pumps very far from either the drains or the
river. I a large number of pumps were installed, as would be
necessary for a district pumping system, the average distance
from a drain would be about a quarter of a mile, and it is expected
that the drains would be dried during the first summer of pumping
if only a small gravity water supply were available. The amount
of the drain flow in an average year is about 42 percent of the gross
diversions., In a dry year, with less excess water applied to the
lands, the drain flow is expected to be less, probably about 40 per-
cent of the diversions. In an assumed dry year when only 50 per-
cent of a normal gravity-water supply were available, 3. 25 acre-
feet per acre would be diverted in the Rincon and Mesilla Valleys,
of which 40 percent would be returned to the system as drain flow,
leaving a total diversion used within these. valleys of 1. 95 feet. If
a pumping system were installed and the drains were dried, pre-
sumably 1, 95 feet would be the justifiable diversion to these valleys.
It has been assumed that, in a dry year, 3. 3 acre-feet of water per
acre is neededfor a full crop, that 30 percent of the surface water
diverted would be lost, largely by seepage from the canals, and
that about 20 percent of the pumped water would be lost by seepage
and waste from the canals. Therefore,

3.3=1.95x0.7 + pumped water x 0, §;
therefore,

pumped water = 2,42 acre-feet per acre.

Thus, in order to make up the deficiency of 1 acre-foot peracre
that would result from gravity irrigation alone in the assumed dry
year, it would be necessary to pump about 2. 42 acre-feet per acre.
This is the minimum amount with judicioususe of water. If canal
wastage were higher and the water were inefficiently used on the
land this amount would not be sufficient.

As there are water rights for about 88, 000 acres of land in the
New Mexico part of the project, the total pumpage of water would
be about 213,000 acre-feet and the total surface water diverted
about 172, 000 acre-feet.

317267 0 - 55 - 9
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The amount of water pumped from storage in the ground would
be the difference between the amount actually used by the crops,
assumed to be 2.5 acre-feet per acre, and the amount diverted
from the river, 1,95 acre-feet per acre, plus evaporation and
waste from the canal. The latter has been estimated as 3 percent
of the pumped water or 0.07 acre-foot per acre and 5 percent of
the gravity water or 0,10 acre-foot per acre, making the water
pumped from storage 0.72 acre-foot per acre per year.

Viewed in another way, the amount of water pumped from storage
would equal the difference between the total water pumped and that
part of the pumped and surface water that would return to the water
table. This amount from storage, all quantities being given in
acre-feet per acre, would be: the total amount pumped, 2, 42, less
the pumped water lost by seepage from the canals, 17 percent
(see p. 122) or 0. 41, less the gravity water lost by seepage from
the canals, 25 percent (see p. 52 )of that diverted, 0,49, less the
difference between the water applied to the land, 3.3, and the
consumptive use 2.5, or 0,8. The amount of water pumped from
storage in 1 year would therefore be 0,72 acre-foot per acre irri-
gated, or 63,360 acre-feet for the 88,000 acres in the Elephant
Butte Irrigation District. The amount of water returned under-
ground by seepage from the canals and from the irrigated lands
would be 1. 70 acre-feet per acre or 39 percent of the total diver-
sions and pumpage of about 4, 4 acre-feet per acre,

The period of drought during which supplemental pumped water
might be needed is, of course, a matter of conjecture, A short
period of pumping would be relatively costly., The flow of the Rio
Grande at San Marcial above Elephant Butte Dam, at the head of
the Rio Grande project, averaged only 697 cfs in the 5-year period
1898 to 1902, inclusive, 46 percent of the 52-year average of
1, 530 cfs (International Boundary and Water Commission, 1846,
p. 4). During a period of drought the lake level at Elephant Butte
and Caballo Dams would be low and there would be less evaporation
loss than under average conditions. This reduced evaporation loss,
plus what water there was instorage at the beginning of the drought,
would temper the actual decrease in flow of the Rio Grande. With-
out extensive study it appears, therefore, that a 5-year drought
period in which only half the normal supply of water would be
available for diversions is about the longest that could reasonably
be expected,

If pumping were done for 5 such dry years the total pumpage
from storage would be about 316, 800 acre-feet, neglecting water
saved from evaporation or transpiration, in waterlogged areas.
This amount of ground water would have to be replaced before the
flow of the drains would return to normal,
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As the drains would have been dried by the pumping, the diver-
sions to the district in a year of average surface-water supply
following a periodof 5 years of pumping possibly would be reduced
by the amount that the drains would normally flow, or 42 percent
of the diversions. The actual diversion would then be 6,5-
(0.42 x 6.5) = 3.77 feet, This amount would make 2, 64 feet avail-
able for delivery to the farms, thus requiring additional pumping
of ground water to make up the difference to the 3, 3 feet believed
necessary for delivery to the farms. The amount of ground water
that would have to be pumped would be

3.30=23.77 x 0,7 + pumped water x 0, 8;
therefore,
pumped water = 0, 83 acre-feet per acre.

The amount of water that would seep to the water table in this
year would equal the seepage losses of pumped and surface water
from the canals plus the seepage return of excess water above the
consumptive use delivered to the farms, and would be

(0.83x0.17)+ (3. 77x0. 25)+ (3. 30 - 2. 50) = 1. 88 acre-feet per acre.

The payment or reduction of the ground-water debt would be the
returnseepage inexcess of the pumpage, or1, 05 feet. The number
of years required, while pumping 0, 83 acre-foot per acre, to pay
off the debt would be 5 x 0,72/1,05 = 3, 4 years,

The available surface-water diversions without pumping in the
fourth year of average surface supply, following the assumed 5
years of pumping, would be less than the average by the amount of
water that would have to be bypassed to the lower district to make
up for the reduction in average drain flow resulting from the re-
maining effects of the pumping., The amount of bypassed water, x,
plus the actual drain flow, .y, must be equal to the average drain
returnflowof 2, 73 feet (0. 42 x 6,5)ina year of average diversions.
The actual drain return flow would be equal to 42 percent of the
actual diversions reduced by the remaining ground-water debt. The
remaining debt would be (5 x 0.72) - (3 x 1, 05) = 0. 45 foot,
Therefore:

x+ y= 2,73
and y=(6.50 -x) 0,42 - 0, 45;
therefore: xm 0,78
and the actual diversion would be:
6.50-0.78 = 5,72 feet.

The water schedule for the 5 years of about 50-percent average
surface supply followed by 5 years of average surface-water supply
is given in the following table:
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Comparison of irrigation water available as diversions to the canals of the Elephant
Butte Irrigation District, for 5 years of 50-percent average surface supply followed
by a period of average sturface supply

[Acre-feet per acre]

With supplemental Without supplemental
pumping pumping
Year of irrigation
8 Pumped Surface Surface
water water water
1. 2.42 1,95 3.25
2 2,42 1,95 3.25
3 2,42 1.95 3.26
4 2,42 1.95 3,26
5... 2,42 1.95 3.25
6... .83 3,17 6.50
7 83 3.1 6. 50
B... 83 3,77 6. 50
9 .00 5.72 6.50
10 00 6.50 6,50
14,59 33.28 48,15

Little net water can be gained to the Rio Grande project as a
whole by pumping ground water inthe Elephant Butte district, and
- the total amount of water received by the Elephant Butte district
under a pumping system is practically no more than would be
obtained from surface supplies, if the customary interest of the
El Paso district is preserved. The reason for this is, of course,
that the drain water is used again in the project and the district
has been assumed to be responsible for any decrease of the flow
of the drains resulting from pumping,

The ground-water debt could be repaid by efficient use of water
in 4 years of average water supply. If water were wasted, it would
not be possible to repay the ground-water debt and pumping prob-
ably would have to be continued for years.

As indicated previously (p. 44), Rincon and Mesilla Valleys
customarily use about 46 percent of the total reservoir releases
in a year of average surface supply. In the assumed drought period
of 5 years the surface water available for diversions was considered
as 50 percent of the average., The average diversion to the El Paso
division has been 395,400 acre-feet, and therefore in such adry
year presumably 197, 700 acre-feet should be available for diver-
sion to the El1 Paso Valley. The reservoir releases in a year
should be equalto the sum of all diversions minus the returndrain
flow, disregarding any nonbeneficial evaporation and transpiration
losses and any undiverted water that might bypass the El Paso
Valley. Asthe returndrainflowfrom the Rincon and Mesilla Valleys
would be zero if extensive pumping were done, the reservoir releases
wouldbe 88, 000 x 1,95 + 197, 700 = 369, 000 acre-feet, The deple-
tion of reservoir releases by the Elephant Butte Irrigation District
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for any of the first 5 years of pumping is then 46 percent, which,
disregarding canal wastes, is the same reservoir depletion as in
an average year. In the sixth, seventh, and eighth years, the
drains still being dry, the depletion of reservoir releases would
be about 45 percent. This shows that the Rinconand Mesilla Valleys
would be getting their usual share of the reservoir releases,

In the analysis it was assumed that the drains would be dry dur-
ing all the first year, whereas actually they would not be dry until
near the end of the first pumping season and a small amount of wa-
ter might flow during the first winter. Therefore, during the first
summer it is probable that a smaller amount of water would need to
be pumped. Also, ithas beenassumed thatall the ground water tak-
en from storage would be derived from the lowering of the water
table under only the irrigated area of the valley, Actually, the ef-
fects of pumping would be somewhat smaller in the valley area, as
" the cone of depression would extend away from the valley, under
the mesas, As the irrigation water is applied to lands near the
drains, it is possible that water in the drains would begin to flow
in the eighth year, or earlier, even though all the ground-water
debt had not been repaid, The district would benefit by this lag,
which would spread the repayment of the ground-water debt over
a longer period of time than was assumed. A small amount of the
pumped water probably would not be taken from storage but would
be salvaged from areas of transpiration by the lowering of the
water level, This salvaged water would be a net gain of usable
water and would reduce the calculated pumpage from storage,

Pumping of ground water in the valley by individual farmers
would, of course, have the same effect upon the flow of the drains
as would pumping by the Elephant Butte Irrigation District. And
water pumped onto the land from ground-water storage that does
not return to the ground-water body would be water lost to the
project, even though a gain of water might accrue to an individual
farm. It is probable that in a dry year enough farmers would in-
stall wells and pumps so that the flow of the drains would be re-
duced markedly or, in some sections, even be stopped entirely,
If in a dry year such a reduction of normal drain flow occurred
through installation of individual pumps, and if the E1 Paso division
received its accustomed share of the reservoir water, diversions
to the Elephant Butte Irrigation District would have to be reduced
by a like amount, Any such reduction in diversions would work a
hardship on the farmers who had not installed pumps, provided
that the available surface water was distributed equally. If it were
desired to maintainthe delivery of the same amount of water to the
farms not having pumps as they would have received had there been
no pumping, then it would be necessary to reduce the delivery of
water to the farms having pumps. This would be the condition
during years of a shortage of surface water, Pumping by individuals
during years of a normal supplyis discussedin the following pages.
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PUMPING OF GROUND WATER WITH A NORMAL SUPPLY OF SURFACE WATER

Pumping of ground water in a year of normal supply of surface
water might be practiced by individuals upon project lands for
various reasons. A farmer who has a pump would have water
available at times convenient to himself. And, in years when
water was rationed, even though an adequate amount would be
available, he would be able to pump additional water to satisfy his
requirements. However, as pumped water would be an additional
cost for water, it is not expected that pumping would be prevalent
on project lands in years of normal supply of gravity water.

As the production of crops requires a certain amount of water
and as there would be adequate surface water available for all
crops in a normal year, the use of ground water for supplemental
purposes on project lands in such a year would not deplete the
project water supply any more than the use of gravity water, unless
excessive irrigation by ground water caused an excessive con-
sumptive use by the crops and excessive transpiration and evap-
oration losses,

Pumping of ground water in a year of normal surface supply
could result in some saving of water to the project if pumps were
located in areas of native vegetation where a lowering of water
level would reduce nonbeneficial transpiration losses.

Also, use of ground water instead of surface water for winter
irrigation would result in some water savings to the project, espe-~
cially if drain water were pumped., Approximately 50, 000 acre-
feet of water is released from storage annually from October
through February for winter irrigation of a widely distributed
acreage planted principally to truck crops. This acreage constitutes
a small percentage of the total irrigated acreage. An unusually
large part of this winter release is lost through waste, seepage,
and unnecessary evaporation and transpiration, the losses per acre
served being proportionately much higher than those involved in
irrigation in the summer,

The pumping of drain water during the winter would utilize some
water that is nowallowed to bypass the project. W. F. Resch,
project manager of the Bureau of Reclamation, El Paso, Tex.,
estimates roughly that, of the drain flow passing the end of Mesilla
Valley, 40 percent of that in October, 50 percent of that in November
and December, 100 percent of that in January, and 40 percent of
that in February is not used in the lower El Paso Valley. These
percentage estimates, combined with the drain flow given intable
5, pages 141, 142, show that possibly 34, 000 acre-feet of the winter
drain flow is allowed to bypass the project. However, as part of
the winter drain flow is a resultof the largelosses from the winter
releases, it is not expected that this quantity would be available
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for pumping from the drains. Some pumping from ground-water
storage would be necessary. The quantity of water saved in winter
irrigation by substituting pumping, especially from drains, for
reservoir releases therefore presumably would be about 34, 000
acre-feet anually, if all water bypassing the project in the winter
could be stopped, plus some small saving inlosses from evaporation
and transpiration, As drain flow removes undesirable salts from
the lands andis as necessary as removal of sewage from a city, it
is presumed that not all drain flow bypassing the project through-
out the year should be stopped in order to save water, but that the
drain flow seemingly could be profitably stopped in the winter,

COST OF PUMPING SUPPLEMENTAL GROUND WATER

The minimum number of pumps required to deliver the 213, 000
acre-feet of pumped water believed necessary for the Elephant
Butte Irrigation District inadry year is estimated to be about 148,
on the assumption that each pump would discharge 1, 800 gpm con-
tinuously for 6 months. Allowance should be made for periods of
high demand; otherwise, with the pumps running continuously at
full capacity, the farmers would have to take water on a strict
rotating schedule and any breakdown in pumping equipment would
result in a shortage of water. Also, it is unlikely that every well
drilled would be capable of discharging 1,800 gpm. Therefore,
allowing a 15-percent operational variance and 10 percent for
breakdowns, and assuming a lower average discharge per well of
perhaps 1, 500 gpm, the number of pumps necessary is estimated
to be about 220,

Rough estimates made in 1948 of the costs of installation of a
well, pump, and motor; fuel and lubrication; labor and transpor-
tation; total depreciation in 5 years; interest on investment; and
taxes indicate a total charge of $2, 900 per pump per year during
the first 5 years of operation. The charge for 220 pumps would be
$638,000 a year, or $3,190, 000 for the 5-year period., This is
equivalent to $7.25 per acre per year for 88,000 acres or $3,00
per acre-foot of water on the basis of 2. 42 acre-feet per acre per
year,

Under the assumptions given previously, only 73, 000 acre-feet
of water per year would need to be pumped in the sixth, seventh,
and eighth years. This would require 75 pumps, on the basis that
220 pumps would be needed for pumping 213,000 acre-feet per
year., Assuming the pumps to be fully depreciated at the end of the
first 5 years, the unit cost per pump in the sixth, seventh, and
eighth years isestimated at about $1, 540 per year or $346, 860 for
75 pumps for 3 years. The total cost for 8 years thus would be
$3,536,900,
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As stated previously, a 50-percent gravity supply would suffice,
with extremely careful use, to irrigate about 70 percent of the
acreage. The pumping of irrigation water would result in saving
all the crops on the remaining 30 percent; thus the pumping costs
should be justified by that acreage. The average gross return per
acre for the Rio Grande project was about $140 in 1945 and about
$252 in 1946, the record year up to that time. However, the
average crop return onthe projectfrom 1914 to 1946 was about $84
per acre and from 1937 to 1946 was about $120 per acre!? The
additional gross return through ground-water irrigation in 5 dry
years, on the basis of 1937-46 average crop returns, would be
$15, 800, 000, The total cost of pumping and pumping equipment is
thus approximately one-fifth of the increase in average gross crop
returns and probably less than the normal net profit. The average
cost per acre for 88,000 acres during the initial 5 years would be
about $7.25 a year.

Intermittent operation and the probable smaller capacity of a
pump on an individual farm would result in a somewhat higher unit
cost of pumping than would continuous operation of large-capacity
pumps by a district pumping system,

The favorable factor of costof pumpingis offset somewhat by the
unfavorable factor of little net gain of water and the problem of in-
stallation and operation. Installation of 220 wells, pumps, and
motors would consume some time, but possibly less than the period
of shortage of surface water supply. Among the operational prob-
lems would be the distribution of the pumped water to the New
Mexico lands only. About 11,000 acres of irrigated land in the
Mesilla Valleyis in Texas and is served by the same canal system.
Also, very strict operating and irrigating schedules would have to
be maintained, as only a 3-percent wastage was assumed in the
estimates,

RECOMMENDED LOCATION OF WELLS

Wells producing sufficient water for irrigation can be located
nearly everywhere on the floor of the Rincon and Mesilla Valleys,
As a result of the variable nature of the alluvial sediments that
have been deposited by the meandering Rio Grande, there will be
a variation in the performance of the wells.,, Many wells will be
filled with running sand and the perforations of some well casings
will be clogged by gravel and sand. It does not appear possible to
predict the locationof gravel stringers inwhich presumably better
wells would be obtained thanin sand alone. The meager information
available indicates that sand predominates in the lower end of the
Mesilla Valley,

127, S. Bureau of Reclamation, 1946, Project history: unpublished report, El Paso, Tex.
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With respect to the chemical quality of the water, generally
better water is obtained with depth; an exception is the lower end
of the Mesilla Valley, where apparently very poor water is obtained
at depth. Some shallow wells in the Selden Canyon area obtain so-
called salt water, which may occur also at greater depths. As the
shallow water is generally satisfactory for irrigation, however,
the drilling of irrigation wells deeper than 100 feet for the better
water is not justified, Many domestic wells in the Mesilla Valley
obtain their comparatively good water from depths in excess of
100 feet. Deep irrigation wells would possibly disturb this avail-
ability of better water with depth by drawing in poorer water from
the upper strata to the lower,

As water of comparatively good chemical quality enters the
valleys as underflow from adjacent arroyos, wells located on the
valley floor in line with or a short distance downstream from these
arroyos may obtain better-than-average water from the valley
fill,

The alluvial fill in the Selden Canyon area and in the northern
end of the Mesilla Valley, near Leasburg Dam, is thin and narrow,
If a large number of irrigation wells were drilled in these areas
and used continuously, comparatively large drawdowns of water
level would result and wells drilled near the impermeable rocks
at the edges of the valleys would be relatively unproductive.

In order to draw a greater percentage of the pumped water from
storage, the wells should be located as far as possible from the
drains and the river. Canals that leak excessively are paralleled
with drains, and the waterlevel inthe canalsis without doubt above
the water table, The water level in sections of canals that have
only a small leakage is also above the water table, Wells drilled
near canals whose water is not in direct contact with the ground
water will not appreciably increase the leakage from the canals,
but will divert to the pumps water that would normally be picked
up by drains.

Locating irrigation wellsin areas of native vegetation will lower
the water table in these areas and will reduce transpiration losses
and save some water for the project.

Therefore, for least effect upon the project supply and for max-
imum well production, it is recommended that irrigation wells on
the valley floors should be located as far as possible from the
drains and the river; be drilled as far as practicable from the
mountain masses in Selden Canyonand the northern end of Mesilla
Valley; be drilled near arroyo mouths where possible; be drilled no
deeper than necessary to secure an adequate supply of water; and
not be drilled in the lower end of Mesilla Valley.
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RECOMMENDATIONS FOR FUTURE STUDIES

As brought out previously, water pumped by wells in the Rincon
and Mesilla Valleys is notan additional or new supply but, instead,
is water that would normally flow to the drains and be divertedfor
use in a lower part of the project. Pumping of ground water, there-
fore, is essentially a change in point of diversion of an existing
supply. In times of normal or adequate supply of surface water to
the project, pumping obtains water that would otherwise be avail-
able by gravity. In a year of surface-water shortage, pumping re -

sults inan adequate supply of water tothose farmers having pumps
but may reduce the amount of surface water available for diversion
in the lower part of the district or project. Pumping water from
wells upon new lands, either in or bordering the valleys, will re-
sult in reducing to some extent the supply of water to the project.

Because of these effects of pumping upon the water supply of the
project, continuing records should be kept of the amount pumped
and the location of the irrigation wells.

The initial effect of the pumping, especiallyina year of inadequate
surface supply, will be adecrease inthe drain flow. This decrease
may not be readily apparent for a small number of pumps unless
accurate and frequent measurements of the drain flow are made.
If 75 pumps arein operation, the decrease in drainflow may amount
to approximately 10,000 acre-feet a year. If measurements of the
drain flow approach an accuracy of 5 percent, the error in meas-
urements in a year of average drain flow may amount to about
12,500 acre-feet. Thus, unless accurate and frequent measure-
ments of drain flow are made, any decreases noted could not be
definitely attributed to the effects of purhping. At present, the
drainage return flow is measured only at the outlets to the river.
Measurements should be made at additional points along the drains
in order that any decrease in flow caused by pumping can be local-
ized within sections of the drains.

The ground-water levels will decline as a result of pumping.
However, the decline will be small so long as water continues to
flow in the drains, the drains acting as sources of recharge to the
cones of depression caused by the pumps. An effort should be
made to continue measurements in the fifty-odd auger holes in the
Mesilla Valley that have been measured for a number of years by
the Bureau of Reclamation. Auger holes should be installed in the
Rincon Valley at pertinent locations in order topermit observation
of any effects of pumping upon the water level there. Also, meas-
urements of water level should be made in the irrigation wells at
least once a year, preferably in January or early February when
the effects from the previous irrigation season are at a minimum.
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Records as to the performance of each well and logs of formations
penetrated would aid in interpretation of the effects of pumping.

In summary, in order to have reliable data for a future re-
evaluation of the effects of pumping, if suchbecomes desirable, the
following records should be kept: information on the irrigation wells
such as, location, performance, and pumpage; measurements of
water level in the irrigation wells annually and in the auger wells
seasonally; and additional measurements of drain flow.

SUMMARY

1. The ground water in the valley fill originates mainly from
surface water, that is, from seepage of the canals and the river,
and from excess water applied to irrigated lands, but partly from
ground water from the adjoining high lands, and, occasionally,
from precipitation upon the valley floor.

2. The quality of the shallow ground water in the alluvium of
the Rincon and Mesilla Valleys is slightly poorer than drain water
but satisfactory for most irrigation requirements. The #issolved
solids generally decrease with increased depth of wells except in
a few areas, especially in the lower end of the Mesilla Valley and
in the Selden Canyon. Comparatively good water is obtained in
surrounding high lands and in arroyo beds.

3. Wells yielding sufficient water for irrigation canbe developed
over the major part of the valley floors of the Rincon and Mesilla
Valleys, with the probable exceptions of the Selden Canyon area
and the southern end of the Mesilla Valltey. Sanding of wells has
occurred and may occur in wells that may be drilled, and special
well construction may be necessary to prevent it.

4. Irrigationwells, generally of small capacity, canbe developed
on the arroyos and on the low benchlands. However, many wells
in these areas may not obtain sufficient quantities for irrigation.

5. Pumping of ground water will divert water from the drains
and the river. The drains may practically stop flowing by the end
of the first summer ina dry year if enough pumps are installed to
furnish an adequate water supply for all lands.

6. If an increased portion of releases from the reservoir were
made up to the lower district as compensation for the reduction in
flow of the drains, caused by pumping in the Rincon and Mesilla
Valleys, acorresponding reduction in the diversions to the Elephant
Butte Irrigation District would be necessary.
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134 GROUND-WATER CONDITIONS, RINCON AND MESILLA VALLEYS

7. As no unused ground-water recharge escapes from the proj-
ect, and there is very little unused ground-water discharge, only
a small amount of water can be salvaged to the Rio Grande project
as a whole over a periodof years by pumping inthe Elephant Buite
district.

8. Assuming thatthe E1Pasodivisioncontinuesto get diversions
in the same proportion of reservoir releases asin the past, pumping
of ground water will not result in any additional water for the Ele-
phant Butte IrrigationDistrict on a year-to-year basis unless the
amount of pumping exceeds the amount of the diverted drain flow,
when this excess will come from storage.

9. On a long-term basis nearly all water removed from storage
must be replaced before the flow of the drains returns to normal,

10. With a gravity water supply available for diversions of 50
percent of average, about 70 percent of the land in the Elephant
Butte Irrigation District probably could be irrigated by careful use
and control of gravity water alone.

11, During a year in which the normal supply of surface water
is deficient by 50 percent, an additional acre-foot per acre would
be needed to successfully irrigate the water-right land in New
Mexico. To supply this deficit for 88,000 acres by pumping from
wells would, because of distribution losses and reduction in flow
of the drains caused by pumping, require pumping 213, 000 acre-
feet per year, assuming that the El Paso division receives its ac-
customed share of the reservoir water.

12. As supplemental pumpage would in effect save the crops on
30 percent of the land that could not be irrigated by surface water
in a year of 50-percent gravity supply, the additional gross crop
return resulting from pumping would be $15, 800,000 for a 5-year
period on the basis of the average annual gross crop return from
1937-46 of $120 an acre,

13. The total number of wells and pumps required in a year of
50-percent gravity supply is estimated to be about 220 and the
total cost about $3,190,000 on the basis of a 5-year period and
$3,536,900 for 8 years, including all charges, or approximately
one-fifth of the average gross dollar benefits from erops grown.

14. Total cost per acre-foot of water pumped would be about
$3.00, equal to about $7. 25 per irrigated acre per year for the
district.

15. Pumping of ground water on individual farms in years of
deficient gravity water supply would ultimately reduce the water
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supply of the Rio .Grande project. If such a reduction were borne
by the Elephant Butte Irrigation District, it would be necessary to
reduce deliveries of surface water tofarms with pumps in order to
maintain the expected deliveries to farms without pumps.

16. Pumping of ground water for winter irrigation in the project
could effect savings in water, as losses of winter releases are
disproportionately large for the acreage irrigated.

17. About 15,000 acres of now undeveloped land and suspended
land could be irrigated by ground water. Water pumped on these
lands will, in afew years, reduce the water available to the existing
irrigated lands by an amount equal to the consumptive use by the
lands and crops irrigated.

18. Asthe water pumped will affect the water supply of the proj=-
ect, especially in years of deficient surface supply, continuing rec-
ords should be kept of the amount of water pumped, of water-level

measurements, and of the location and performance of irrigation
wells,
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flater iAnproprlintions.
Rio Grarde lroject. .

DEPARTILLT CF THE ITTERIOR
UI'ITED STATLS GIl0LOOICAY, SURVEY
deolunution Sexvice.

Carlsbad, leow iexico. Jun. £3, 1906.

2

. L.:I' . ”G.Vi '(] ] 1e hwl‘..[t 6 9
Territorinl Irripgation Inginecer,

santa Fe, Lew Toxico.
Dear sir:

The United Gtates Declamation Service, seting under author-
ity of an iet of Congress knowan es the lLeocluwmation Aet, @proved
June 17, 1002 (32 stat., 338), proposcs to construct within the Yer-
ritory of llev «exlec cceriuin irrigetion works in connectiorn wilth the
so=-called iiio Grande project. The operation off the wrke in question
contemnlatns the diversion o water Trom the Hio Trande niver.

seebion 22 of Jhapter 102 of the laws enected in 13005 by
tho G640 Loaislotlire asaenbly of the Perritory of iew llerlco - an
et entltled;, o gt fratlac fag OL0Tice of Torritorinl Izrlication
Enginoer, Lo ronede iyrisation Development and Conserve the deters

re

of e Me:rlso forx “ha Irrigsation of Lanrds and for other Purposss,”

approved liareh 15, 1003 - rcals as Tollows:

mThenever thoe propoer offTicers of the United States author-
ized by law to construvet irrigetion works, shall notify the terri-
torial irriontion encineer that the United States intends to utilize
certuin "pecified wateiu, the waters so deseribed, and unappropristed
at the Aate of such notic:, shiall rot be subjoot to further eppronria-
tions .under the laws of New liexico, and no adverse claims to the usc
of such waters, initictcd subscgurent to the date of sveh notiece, shall
be resognized under the laws of the territory, cxcept as to such omount
of the water desorihzd in such notlee ns mey be formally re-lessed in
writin~ by on offiger of the United States thereunto duly authorized®,

In pursuance of the above statute of the Territory you are
hereby notifed thas the lInited States intends to wutilize the follow-
ing deseribed waters, to-wit:

A volume of wabcr cquivglent to 730,000 zere-Teet per yecor
requirin~ a maxinum diversion o storage ol 2, .:00,:00 miner's inc':os
zaid vater to he diverted or stored from the Rio ‘ro~de Piver ot &
point described as follows:

Htorasme dam avbout 9 miles west ol knsle, liew llezico, with
capacl ty for 2,000,000 aore-feet, and dive sion dams helow in rlomas,

Rincon, l‘csilla, and El Paso Valleys 1n HNew fieirleo and tlexns,

00000 85
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It is, thercfore, requested th«t the wmtors above deseribed
be withheld from further approp iation and that *he richts and in-
torests of the Urited Otates in the premises be otheriiise nrotected

&s contenplated by the statute above cited.

very truly yours,

{Signed) B. ii. ilall

Supervising Engineer.
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Supplemental notice of the intention 'of the United Stotes to use the
vaters of the Rio Grande for irrigation purposes on the Rio Grande
Project.
- _ Phoenix, Arirone, April , 1908,
lir. Vernon L. Sulliven, *
Territorial Engineer,
Sante Fe, .lNew Mexico.
Dear Sir:- a

Claiming and.reserving all righfsAunder our former notioe
of January 23, 1306, addressed to David L. White, Tefritorial Irri-
gation Enginéer of New Mexigo,'whioh said notice advised him¢ of the
intention of the Uhited States fo use the weters of the Rio Grande
for the purﬁose of irrigation, and is now filed in your offide, I 4o npow
heréby glve you the following notice in addition to sald former notice
end supplementsl thereto. |

- The United States aoting-under suthority of &n ict of Con-
gress, known as the Heclamation a0t, approved Jupe 17, 1902, (32 stat.
383), proposcs to construet within the Territory of New Mexico cer-
teln irricetion wrlis in connection with the so-cailed Rio Grande
Project. Thc operation of %the works in qucstion.contemplgtes the
diversion of the water of the Rio Grande River.

Scction 40 of Chapter 49 of the laws enacted in 1907 by the
S37th Legisletive isscmbly of the Territory of New Mexico,-an Aot
entitled, "An Act to conserve and regulete the use cnd distribution
of the waters of tow Hexiqo; to create the office of Territorial -
Engineer; to create a Eoard of water~commissicners, and for other
purposes", erproved Msrch 19, 1207, reads e&s follows:

Whenever the propor officers of the United States author-
ized by law to construct works for the utilization of vaters within
the Territory, shall notify the Territorial Engincer that the United
States intends to utilize certain specified waters, the wéters 80
described and unappropria ted, and not covered by apﬁlioations of
affidavits duly filed or permits as required by law, &t the date of
such notice, shall not be éubjeot to a further appropriafibn?hnder

the laws of the Territory for a period of threce years from_fho cdate
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of snid rotier, within which %ime the nroper off'icers of the United
heboso nﬁall file nlans for the prpvoscd work 1n the of'ffice of the
_Teiritoriﬁl viminser for his iﬂfoymstion, and no adverse cleim to
the uss o the woter » auired in oconnecetion with such nlans, 1n1tijw
ated subscquent to the cate of sueh ﬁotice, sholl be recognized
under the laws of Lhe ferriﬁory, gxeept cé ;0 puch cmount of water
described in ¢meh noties as nay be Tornmalily raloasod in writing by
an of'ficer of the Urited Statcs thersunio all; authorized; Provided,
that in easc of feilurc o Tile plans of tie n oposc:d work within
threce y=ars, as herein réquirod, ~he waters specitficd in the notice
given by the Ynited 3tetes bo the Territorial inginecr suall begome
public water, éubjcct to general approp: iations.

In pursnaince o the above shusute of tha Territory you
are herchy notified ﬁhét the United Stastes intends o uiilizc the
following deseribed waters, Ho-u1t:

ALl the unann:opriatcd Jater of the Rlo Srande and 1ts

trihotarics, sald raver to be «diverted or osiored from the lilo
Grande River at 2 point deseribed as follows:

Storage dar ‘about nine mlles west of dnsle, Loew l'exico,
with canaci*ty fé: two miilion (2,020,3)0¢) aere fo ¢, and diversion
daris brlow in talomss, lincon, lesill2 and £1 Paso. Vell:ys in low
‘erico ant Texas, .

1t ic therefore r quested that the waters above deseribed
be withheld from further appronrimtion and that the rizhts snd in-
terests of the United 5=l s In the premiscs be otherwise protected
as conter~lated »y the statue abovre eited.

Very truly yours,
(signed) ZLouls C. Hill.

Supervisine Tnoineer.
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" By THE Presivent or tine Uit STATES OF AMERICA.
A PROCLAMATION. .

.Whercas a Convention hetween the United States of America and
the United States of Mexico, providing for the equitable distribution
of the waters of the Rio Grande for irvigation puiposes, and to remove
alt causcs of controversy between them in respect thereto, wias con-
cluded and signed by theirvespective Plenipotentiaries at Washington

on the twentyv-first. day of May, one thousand nine hundred and six,
the original of which Convention, being in the English and Spanish

ty
languag

The United States of America

and the United States of Mexico

being desirous to provide for the
equitable distribution of the wa-
ters of the Rio Grande for irriza-
tion purposes, and to remove all

auses. of controversy between”

thém in respect thereto, and being
moved by considerations of inter-
national comity, have resolved to
conclude a Convention for these

Plenipotentiaries:

The President of the United
States of America, Elihu Root,
Seeretary of State of the TUnited

‘States; andd

The President. of the United

" States of Mexieo, His Excellency

Sciior Don Joaquin D. Casasas,
Ambassador BExtraordinary and
Plenipotentiary of the TUnited
States of Mexico at Washington;
who, after having exhibited their
respective  full  powers,  which

‘were found to be i vood and due

form, have agreed upon the fol-
lowing articles:

es, 1s word for word as follows:

- Los Fstados Unidos de América
v los Estados Unidos Mexicanos
desensos de ponerse de acuerdo en
la equitativa distribucién de las

.o s 3 1 Y IR
aguas del Rio Grande para fisies

“de irrigacién, y de alejar todas las -

causas de discusidon entre ellos 4
ese respeeto, ¥ obrando por con-
sideraciones de cortesin mterna-
cional, -han resuelto celebrar una

_Convencion con este propdsito y
purposes and-have named as their -

han nombrado sus Plenipotencia-
rios, & saber: ' -

El Presidente” de los Estados
Unidos de América, alSeior Blihu
Root, Seerciario de Estado de los
Estados Unidos; y ;

Il Presilente de los Estados
Unidos Mexicanos, & So Exeelen-
cin el Senor Don Joaguin - D. Ca-
sasis, Embagador Extraordinario
v Plenipotenciario de los Estados
Unidos Mexicanos-en Washington;
quienes, despues de prosentar sus
plenos poderes respectivos, que &
encontraron en buena y debida
forma, han convenido en losarti-
culos siguientes:

L

14200019 (3)
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Article T.

After the completion of the
roposed storage dan near Engle,
New Mexico, and the «lMulmlm'r
\\Sfcm ‘111\'11111\ “](1(‘10 (\]l(l HES
soon as water shall be available
m said system forlho}nnpow the
United States shall deliver to Mex-
ico a total of 0(),0()0 acre-fecet of
water anpally, in the b(‘ml of the

Rio Grande at the penmt where the

head works of the Acequia Madre,
known as the Old Mexican Can 11
now exist above the mi\' of Junrez,
Mexico.

Article TI.

The delivery of the said amount
of water ¢hall be assured by the
TUnited States and shall be distrib-
uted through the vear in the same
pxonomom as the water sup; )1\
proposcd to Lo furnished from (4
said irrigation system to lands.) m
the United States'inthe vicinity of
11 Paso, Texas, accovding 0 the
follow m'r \umuuln as nearly ‘as
may be l)O\l<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>