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ABSTRACT

This project is part of a continuing inquiry into regional
patterns of recharge and groundwater flow in a large and complex
artesian basin plagued by problems of overdraft, declining water
quality, and saltwater intrusion.

Starting from the Hydrologic Model established in a previous
investigation, the present phase of the work has concentrated on
determinations of environmental tritium in the basin's Recharge
Belt. Sampling density, frequency, and areal coverage in the Dis~
charge Belt were also increased. Special attention was given to
the southern part of the study area (Artesia) where tritium peaks
predicted by the Model apparently had failed to materialize.

For the sampled wells, all available information on depth and
geologic character of water-bearing horizons, as well as construc-
tion and history of each well have been collected and summarized.
The areal precipitation over the basin has been recomputed for the
years 1955~1974, and statistics on surface runoff have been assem-
bled. All of the relevant data are included as appendices to the
present report.

Tritium concentrations in groundwater from the Recharge Belt
are, on the whole, lower than might be expected from the Model.
Also, in considerable parts of the Recharge Belt the groundwater
is confined. It is tentatively concluded that a slow recharge

component is more important than had been assumed by the Model.

iii



Rapid recharge seems to occur along present drainage systems, es-—
pecially that of Rio Hondo. This requires a re-examination of the
sources of recharge, the loci where recharge is preferentially fed
into the groundwater system, and the details of the recharge pro-
cess. In addition to tritium determinations, other methods of
physical measurements and of mathematical analysis will have to be
used, such as: Oxygen-18/0xygen-16 isotope ratio measurements;
analysis of observation well water level records, and their cor-
relation with precipitation and runoff; recharge computations.
Some of these studies are presently in progress.

The distribution of envirommental tritium within the basin
itself, both in time and space, suggests that interaquifer leakage
is an important factor in these patterns, not considered in the

previous study.
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INTRODUCTION

The Roswell Groundwater Basin

General

The Roswell basin is located in western Chaves and Eddy coun~
ties, New Mexico (Fig. 1). It is drained by the Pecos River. The
eastern edge of the basin is east of the Pecos River and its west-
ern boundary is formed by the Sacramento Mountains. The northern
and southern limits of the basin are arbitrarily drawn at Arroyo
Macho (north of Roswell) and Major Johnson Springs (south of
Artesia) respectively. The basin is divided into three longitudi-
nal zones: the Sacramento (elev. 9,000 feet) and Guadalupe moun-
tains form the west flank; a bedrock (structural) slope dips east-
ward from these mountains, and a flat alluvial plain, up to 24 mi.
wide, forms the eastern flank along the Pecos River (elev. 3,400
feet). The Roswell basin has a semi-arid continental climate,
with abundant sunshine, low relative humidity, and large tempera-
ture contrasts. Winters are short and mild, and summers are long
and hot. Annual mean temperature is 59°F. Nearly 70% of total
precipitation falls from May through September, mostly by intense,
but brief and localized, thundershowers. However, winter snows
accumulate in the Sacramento Mountains and enter the basin as
spring runoff. The Roswell basin is one of the most important
areas of artesian water production in the United States (Bean,

1949). Irrigated lands (140,000 acres in 1968) produce mainly
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Figure 1

Orientation map of the study area.



alfalfa, cotton, and sorghum. O0il is produced from the Permian
San Andres formation in the vicinity of Roswell and other loca-
tions in the basin.

The irrigated lands are mainly located in the alluvial plain.
Most of the irrigation waters are pumped from the Permian San An-
dres formation and from the Alluvium. Heavy pumpage has produced
a continuous decline in water levels since about 1942. Further-
more, salt water intrusion northeast of Roswell threatens the ba-
sin economy. These problems have prompted quantitative studies of
the socio-economic and hydrologic facets of the basin management.

Surface Drainage

Only four major streams cross the study area. They are, from
north to south, Arroyo del Macho, Rio Hondo, Rio Felix, and Rio
Penasco. These streams are perennial in their upper reaches, in-
termittent in the central region, and they rarely flow at their
outlet, the Pecos river. The most important of these by far is
Rio Hondo with its tributaries Ruidoso and Bonito.

Geohydrology

A geologic sketch of the study area is given in Fig. 2. A
simplified representation of the groundwater flow system consists
of three members, called the Alluvium aquifer, Semiconfining Layer,
and Principal aquifer, respectively (Fig.A%). A succinct descrip-
tion follows. Further details are found in Appendix A.

A shallow water table aquifer is present in the quaternary
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alluvium which forms a strip up to 24 miles wide and up to 500
feet thick along the banks of the Pecos river (Relley, 1971). It

is the Alluvium aquifer of the present report.

Below the Alluvium there is in some areas (especially west
and north of Roswell) a clastic, poorly consolidated formation of
red beds included by earlier authors into the Permian Artesia
group (see below) but mapped by Kelley (1971, p. 30) as the Plio-

cene/Pleistocene Gatuna formation (up to 200 ft thick). Hydrolog-

ically it possibly forms one unit with the Alluvium. It is also
possible that Kelley's Gatuna formation is identical with the red
shales forming a thin aquitard over the lower San Andres formation
in the Roswell area, as described by Havenor (1968, p. 11). 1In
the present report, we make the arbitrary assumption (for lack of
adequate information) that Alluvium and Gatuna form one hydrologic
unit. This assumption may have to be revised in the future.

In much of the study area, especially in its southern part,
the Alluvium aquifer rests upon a semiconfining layer of heteroge-
neous clastic and evaporite rocks which produce water in certain
parts of the basin (especially around Dexter and Hagerman - see
Havenor, 1968, p. 11). These strata belong to the Permian Artesia
group which, as mentioned above, is partly (or completely) missing
west of Roswell due to erosion; it is thickest around Dexter and
Hagerman. This variation in thickness may, at least in part, be

responsible for the large contrast in interaquifer leakage



(between the Alluvium and Principal aquifers) between the morthern
and southern parts of the study area (Hantush, 1957). The Artesia
group is up to 2000 feet thick (Kelley, 1971).

Especially in the Artesia area, it is possible that shallow
groundwater, classified as Alluvium aquifer, actually comes from
the upper part of the Artesia group.

Below the Artesia group is the Permian San Andres formation.
It is predominantly composed of dolomite and limestone but west
and north of Roswell contains much gypsum giving rise to sinkholes
and other spectacular solution features. Tt is up to 1400 feet
thick. Near its base it contains about 100 feet of sandstone
(thinning southward) which is correlated with the Glorieta sand-
stone of northeastern New Mexico.

The San Andres formation is the predominant hydrologic unit
in the basin. Together with the Artesia group, where it yields
significant quantities of groundwater, the San Andres formation

forms the Principal aquifer.

The San Andres is about 650 feet below the surface near the
Pecos river at Roswell. It dips to the east-southeast. In the
region under study, three complex zones of flexure, fracture, and
faulting cut the basin diagonally from NE to SW. These '"'structur-
al zones" are the loci of large-scale solution features, and con-
ceivably serve to channel both recharge and groundwater flow.

Moreover, they divide the study area into three tectonic



blocks which have been differentially displaced with respect to
each other.

The sequence of structure zones and blocks in the northern
part of the study area is from north to south:

Border Hill Structural Zone

Six-Mile Block

Six-Mile Hill Structural Zone

Roswell Block
Y~0 Structural Zone
Orchard Park Block

The displacements between the blocks also introduce changes
of an as yet ill-defined character into the groundwater flow pat—-
terns.

Kelley (1971) subdivides the San Andres formation into thrge
members; the upper member (Fourmile Draw), the middle member (Bon-
ney Canyon which contains the Slaughter porosity zone of the pe-
troleum geologists), and the lower member (Rio Bonito). He recog-
nized a change in facies in the Fourmile Draw member of the San
Andres formation along a north-south traverse (loc. cit., pp. 12—
14 and Fig. 4). To the south of T.16S. the evaporite facies of
the Fourmile Draw changes to a carbonate facies without gypsum.
This explains a large decrease of the transmissivity going from
Roswell to Artesia.

In parts of the study area (notably west of Roswell) the



upper part of the San Andres has been removed by erosion. Beneath
the erosional surface, solution removal of calcium carbonate, gyp-
sum, and anhydrite has created a zone of secondary porosity and
high permeability of 200-300 feet thickness.

Going from west to east parallel with the Ric Hondo, the
Principal aquifer rises (stratigraphically) from the Glorieta
sandstone into this high-permeability zone. The transition occurs
approximately at R21E. It is marked by a dramatic flattening of
the hydraulic gradient (see water table contour map in Mourant,
1963). Between Roswell and the Pecos river, the Principal aquifer,
developed mainly in the secondary porosity zone, is above the
Slaughter porosity zone.

In the central part of the study area (between Dexter and
Hagerman, Havenor's Orchard Park block) the Principal aquifer is
developed in the upper member of the San Andres (Fourmile Draw)
and in the overlying Grayburg formation of the Artesia group
(Havenor, 1968, p. 9).

It is to be expected that the hydrologic properties of the
Principal aquifer vary with the lithology of the host rocks. In-
deed, studies by several authors (Theis, 1951; Hantush, 1957;
Motts and Cushman, 1964) have shown that in different regions the
Principal aquifer has widely different transmissivities (e.g.,
200,000 ft2/day near Roswell; 10,000 ft?/day near Dexter). Par-

ticularly, a region of low permeability is indicated between



Artesia and the Village of Hope. This region is east and south-
east of the location where Kelley (1971) observed the absence of
gypsum in the Fourmile Draw member of the San Andres formation.

By contrast, the high gypsum and anhyvdrite content of the San
Andres west of Roswell has given rise to large solution and col-
lapse features, especially where the formation is intersected by
the structure zones. The old Hondo reservoir is located in a de~
pression of this origin (on the Six-Mile Structure zone). The Rio
Hondo loses most of its water between Picacho and Roswell where it
flows through two of these zones, the Border Hill and Six-Mile
Hill (Bean, 1949).

Recharge Belt

The Recharge Belt is considered to lie on the structural
slope (see above) that connects the Sacramento-Guadalupe uplift to
the Pecos valley. 1Its landscape is dominated by the San Andres
formation which also is the Principal aquifer in this Belt. In
some parts, it appears that the Glorieta sandstone is the princi-
pal water~conducting horizon.

Fig. 3 is an outline, taken from Bean (1949), showing the re-
lation of the Recharge Belt to the basin. Two points are worthy
of note: (1) the large size of the Recharge Belt compared to the
Discharge Belt which is a narrow strip along the Pecos river; (2)
the uncertainty of the Recharge Belt's eastern boundary over a

substantial part of its course, especially at Roswell.
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The most important groundwater boundary for the purpose of
this study is the zone where the Principal aquifer changes from an
unconfined aquifer in the west to a confined aquifer in the east.
Rather than a sharp boundary, it is probably a zone of transition.
The width of this Transition zone is rather ill defined. West of
Roswell, we estimate that it may be as much as 5 miles wide. TFor
the lack of precise information we assume that this boundary
roughly coincides with the western edge of the Alluvium. This as-
sumption is made specifically for the northern part of the study
area (west of Roswell). A better understanding of the nature of
the aquitard in this area, and of the hydrologic character of the
Gatuna formation may require a revision of this view in the future.
The boundary here defined is the eastern boundary of the Recharge
Belt (or recharge boundary). South of Rioc Hondo this boundary,
though irregular in detail, roughly parallels the north-south
trend of the basin. North of Rio Hondo, however, it is seen to
angle in a northeasterly direction thus reducing the confined area
of the Principal aquifer (Fig. 2).

The total area contributing to recharge is about 7000 o 8000
square miles. It extends from about 10 miles west of Roswell to
the crest of the Sacramento Mountains and from Vaughn south to the
Guadalupe Mountains (Bean, 1949, p. 20) in a zone that is about 60
miles wide at the latitude of Roswell (Fig. 3). Fiedler and Nye

(1933) consider that the principal intake area is a north-south
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strip, only about 12 miles wide, along the Alluvium/San Andres
boundary. Structure zones, sinkholes, and solution channels are
believed to create an ideal situation for water percolation. Bean
(1949) comments further on the fact that within the "principal in-
take area" itself, recharge conditions are more favorable along
the Rio Hondo drainage system and north of it due to the evapo-
ritic composition of the upper San Andres.

In the Recharge Belt, soil cover is scanty and mainly found
in draws and depressions. The water table is deep (typically 300
feet to 500 feet below the ground surface). The land is used pri-
marily for cattle and sheep raising. Water from the Hondo and the
Felix are used for growing cattle feed, notably on the J. P. White
Ranch (formerly Diamond A Ranch) and the Flying H Ranch, respec~
tively.

Toward the western edge of the Recharge Belt, where the pale-
ozoic sediments abut against or lie upon the igneous and metamor—
phic complex of the Sacramento Mountains, higher elevations, high-
er precipitation, and evergreen forests change the character of
the Recharge Belt.

Basin Discharge: Interaquifer Leakage

Interaquifer leakage between the Principal aquifer and the
Alluvium aquifer plays an important role in the basin's hydrologic
cycle. In addition, there may be leakage of unknown extent be-—

tween the Principal aquifer and deeper aquifers.
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Prior to the intense development of the basin during the last
25 or 50 years, groundwater discharge toock place as leakage from
the Principal into the Alluvium aquifer, as springs along the
Pecos river, and as base flow in the latter. Irrigation now
drains a water volume in excess of natural discharge; most of the
springs have ceased to flow, and base flow to the Pecos river is
greatly reduced.

Direction and amount of leakage between two aquifers depend
on the sign and the amplitude of the head difference between the
two and their hydraulic connection. In the Roswell basin the
leakage is therefore a function of both precipitation and pumpage.

In the early stages of basin development, the piezometric
head of the Principal aquifer was always higher than the water
table of the Alluvium aquifer. Consequently, leakage was, in gen~
eral, from the Principal into the Alluvium aquifer (Hantush, 1957,
pp. 30-51; pp. 67-70; Saleem and Jacob, 1971, p. 56, Table 19).

As the basin was developed and pumpage from the Principal aquifer
increased, seasonal reversals began to be observed, although net
annual leakage still remained, in general, from the Principal into
the Alluvium aquifer (see, e.g., Hantush, 1957, p. 70, Table 15).
It is, however, possible that in a sequence of dry years and con~
sequently increased pumpage the net annual leakage may also become
reversed. This point may be of considerable importance for the

understanding of tritium measurements, to be discussed later.
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Similar reasoning may be applied to the relation between the
Principal and deeper aquifers, although quantitative estimates are
impossible for this case because of lack of data.

In principle, leakage from the Alluvium to the Principal
aquifer will increase tritium concentration of water pumped from
the Principal aquifer, while leakage from deeper aquifers would

dilute it.
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Summary of Previous Results

The model proposed in a previous report (Rabinowitz and Gross,
1972; Rabinowitz, Gross, and Holmes, 1976a, b, c) was based on the
correlation of tritium pulses in wells of the central and eastern
parts of the basin with atmospheric tritium concentration.

The main features of this model are summarized as follows:

Recharge is added to the Principal aquifer mainly through the
outcrop of the San Andres formation. This outcrop occurs in a
north-south oriented strip of about 20 miles width on the western
flank of the basin. Most of the recharge occurs along a narrow,
12 miles wide strip in the "principal intake area"” (see Recharge
Belt above) through fractures and solution features. Surface run-
off in this area is negligible. The "principal recharge area"
west of Roswell is characterized by a very low hydraulic gradient
indicating a high flow velocity.

The major recharge loci are the "structure zones" where they
are close to (within 6 miles of) the eastern edge of the Recharge
Belt. It is there where fractures and solution features are most
highly developed.

The recharging water, which enters the aquifer near the re-
charge boundary, flows under confined conditions a short time (a
few months) later. Therefore, the flow in the unconfined part can
be neglected and the confined part is treated as a uniform veloci-

ty field.
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In the calculations, recharge is treated as a line source.

In the confined aquifer, uniform mixing of recharge water
with aquifer water is assumed over a vertical interval of 200 feet
with one percent average porosity.

Leakage from the shallow aquifer is, on the whole, negligible.
Hence, tritium concentration peaks observed in deep wells along
the Pecos river can be correlated with peaks earlier observed in
precipitation. The picture, then, is one of an orderly parade of
peaks progressing across the basin from the Recharge Belt in the
west to the Pecos in the east, each with its distinctive "flag"
for easy identification.

With this model, regional values of groundwater velocity,
groundwater residence time, and dispersivity were computed.

In following discussions, this model will be referred to as

the Hydrologic Model or, simply, the Model.
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OBJECTIVES OF THE PRESENT WORK

The previous investigation (Rabinowitz and Gross, 1972) was a
first attempt to fashion tritium data spanning about 15 years into
a regional Hydrologic Model of the Roswell basin. The Model was
mainly based on a comparison of tritium concentration in samples
from irrigation wells in the basin with tritium concentration in
precipitation. The tritium here referred to is "environmental
tritium} that is tritium spontaneously occurring in natural waters,
as opposed to tritium artificially introduced into the hydrologic
cycle as a tracer. For further discussion, see Rabinowitz et al.,
1976a. During this work it became apparent that groundwater data
from the Recharge Belt were needed for an interpretation. Because
they were not available the Model failed to take into proper con-
sideration a boundary condition of critical importance. It cir-
cumvented the problem by assuming practically instantaneous re-
charge.

Recharge is defined here as the process by which new water is
incorporated into an aquifer by precipitation and percolation
through the unsaturated (vadose) zone to the water table. It is
one of the factors controlling the amount of water that may be ex—
tracted from an aquifer without depleting it (safe yield). Be-
cause of the complex interaction of evapotranspiration and unsatu-
rated flow it is the least well understood phase of the hydrologic

cycle.
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In subsequent phases of the work, covered in part by the
present report, emphasis was therefore placed on measurements in
the Recharge Belt.

Moreover, a number of new sampling points within the basin
itself were established, especially in its southern part (between
Hagerman and Artesia). The objectives were (1) to obtain a more
complete areal coverage and, at the same time, a better character-
ization, in terms of tritium vs. time profiles, of both the shal-
low and the deep aquifer complexes. (2) To check the Model pre-
diction of delayed appearance of tritium peaks in the southern
part of the study area.

To our surprise, we found that tritium concentrations of
groundwater in the Recharge Belt appeared to be, on the whole,
lower than seemed consistent with the Model. This suggested one
of two possible causes: (1) recharge takes place much more slowly
than previously assumed; (2) mixing with older (deeper) water is
more important than previously assumed. However, tritium deter-
minations alone are not sufficient to clarify this point because
tritium concentration depends not only on time elapsed during per-
colation through the unsaturated zone but also on hydrodynamic
mixing of recharge entering the groundwater system, with the water
it already contains.

We started therefore to look for other approaches that might

be helpful in this matter. One major source of potential
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information were the water level records of six observation wells
in the Recharge Belt, kept by the Pecos Valley Artesian Conservan-
cy District for more than 15 years. These could be expected to
show seasonal effects of recharge.

A third approach consisted in looking for alternative sources
or mechanisms of recharge and the data required to either support
or reject them.

The present study reports the progress made in this investi-
gation. It broadly formulates alternative recharge mechanisms as
working hypotheses and presents the data that have been acquired
in the course of their examination. It points out future direc—

tions to follow.
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PROCEDURES

Sampling Points for Tritium Measurements

As a result of the previous report (Rabinowitz and Gross,
1972) the need was recognized to increase the number of sampling
points (which had been largely restricted to only seven wells and
precipitation during the eight preceding years, 1965 to 1973) in
order to obtain typical tritium concentration values for water
from different parts of the basin, specifically:

Precipitation

Streams

Springs

Groundwater

Recharge Belt
Observation wells
Windmills and House wells
Irrigation wells
Discharge Belt
Windmills
Irrigation wells
Alluvium aquifer
Principal aquifer

Sampling points include six long~record wells discussed in

detail in a previous report (Rabinowitz and Gross, 1972):

Woods
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Patterson

Allison

Elk

Clardy

Pollard

Systematic sampling was extended to the southern part of the
basin (between Hagerman and Artesia).

All sampling points for this report are described in the
listing of Appendix A and are shown on the map of Fig. A2. Infor-
mation on well depth, lithology, casing, perforated intervals,
ownership, and other pertinent facts were mainly extracted from
the files of the New Mexico State Engineer's Office in Roswell.
They are given for each well in Appendix A.

The stratigraphic position of the aquifer horizons is gener-
ally not known. An interpretation for a majority of the wells was
attempted on the basis of the available data. Because these data
are generally poor, the interpretation is highly speculative and
subject to revision as better information becomes available.

Sampling procedures for some of the sampling points are dis~
cussed in the following.

Precipitation

Continuous sampling of precipitation (rain and snow) takes
place at Socorro (4,600 ft a.s.l.). Additional samples are col-

lected primarily in summer at Langmuir Laboratory (10,783 ft a.s.
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1.), Roswell (FAA weather station - 4,300 ft a.s.l.) and Elk.
Composite monthly samples have generally been measured.

Precipitation measurements are required for the interpreta-
tion of tritium in groundwater.
Streams

Stream samples have been taken periodically from various
points along the upper and middle course of the rivers Bonito,
Ruidoso, and Hondo in the north of the study area; from Salado
Creek, a Bonito tributary; from the Rio Felix in the center; from
the Rio Penasco in the south; and from the Pecos river at Roswell
and Artesia, in the east (Fig. A2).

The tritium content of surface streams averages out the large
fluctuations of atmospheric samples. Seasonal fluctuations in
streams are the result of different runoff sources (winter snows,
summer thunderstorms) and of dilution of precipitation runoff by
base flow (bank storage, groundwater).

Springs

Three springs in the Recharge Belt have been sampled repeat—
edly. They are: Trout Farm spring, about 1 mile west of Hondo;
Cleve's spring; Paul's spring, close to the western edge of the
Recharge Belt, west of Artesia.

Recharge Belt

Following a suggestion by M. S. Hantush (1957) ten observa-

tion wells were drilled in the Recharge Belt by a cooperative



23

effort of the New Mexico State Fngineer Office, the Pecos Valley
Artesian Conservancy District (PVACD), and the U. S. Geological
Survey (USGS). They are located along a north-south line a few
miles east of the 105° meridian in R.19 to R.21. These observa-
tion wells were equipped with water level recorders. Six of these
recorders have been maintained continuously for the last 15-18
years. These wells, shown on the sample location map of Fig. A2
as 01, 02, 03, 04, 07, 08, have been sampled periodically for the
present work since the spring of 1974. They are described in de-
tail in Appendix B. The description is based on Crawford and
Burton (1958).

Windmills in the Recharge Belt, used for stock tanks and
domestic use, are a useful complement to the observation wells.
They are typically from 300-500 feet deep, and their pumping rate
(order of <10 gpm) is not expected significantly to distort the
natural groundwater flow, (even in those few cases where they are
equipped with electric pumps).

A number of windmills was therefore added to the sampling
points. They are mainly located to the northwest, west, and
southwest of Roswell.

Flowing irrigation wells exist on both banks of the Rio Felix

(center of the study area - Flying-H Ranch). One of these wells
flows always, others only in winter when no pumping takes place.

Another regularly sampled well in the southern part of the
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Recharge Belt, though not flowing, is the municipal water well of

Hope.

Southern Part of the Principal Aquifer

According to earlier findings (Hantush, 1957) the Principal
aquifer south of Hagerman has a lower transmissivity than in the
north. The leakage between the Alluvium aquifer and the Principal
aquifer is also much lower in the south. As a result of our ear-
lier tritium studies (Rabinowitz et al., 1976b) it was therefore
concluded that the residence time in the south was at least twice
that in the north (7-15 years vs. 5 years). The passage of these
peaks should therefore be apparent in samples taken after 1967.

A number of deep and shallow sampling points in and around

Artesia were therefore added for the present work.
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Tritium Measurement Techniques
The laboratory procedures have been described in detail in a
previous report (Rabinowitz and Gross, 1972). During the present
report period, the electronic counting circuitry was completely

replaced under the direction of Prof. C. R. Holmes of this insti-

tution. This resulted in substantial improvement of resolution

and accuracy in the measurements.
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Observation Well Recoxrds

During the course of this study it was recognized that the
water level records from the recharge observation wells could
yield important clues to the recharge characteristics of the basin

Several of the wells, notably No. 2, show a high barometric
efficiency. Large fluctuations, typically with periods of a few
days, show a strong correlation with atmospheric pressure changes
recorded at Roswell. They mask longer term (e.g. seasonal) trends
related to recharge.

A statistical analysis, still in progress, will include cor-
relation of water level data with several other possible inputs
such as atmospheric pressure, precipitation, mean temperature,
basin pumpage, and stream discharge. It is hoped that the rela-
tionships between water levels and the previously mentioned varia-
bles will lead to a physical connection between system input and

output.
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RESULTS
Precipitation Inventory

Fifteen rain gauges operated by National Oceanic and Atmos-
pheric Administration (NOAA: Local Climatological Data, 1976) in
the study area were used to compute partial and total precipita-
tion volumes by the Thiessen polygon method (Linsley, Kohler, and
Paulhus, 1975) for the period 1955-1974. The results are tabulat-
ed in Appendix C. The average total yearly precipitation volume
over the basin for this period was 6X10% acre-feet. Some records
are incomplete and were complemented by correlation with neighbor-
ing gauges. These precipitation data are the basis for computing
the tritium input function (Rabinowitz et al., 1976a).

Of particular interest is the year 1974. Precipitation over
most of the basin was extremely low from January through July, and
extremely high in August, September, and October, practically a-
mounting to a step function. This feature is used to examine the
Hydrologic Model's concept of "instantaneous recharge." If re-

charge is "instantaneous,” then the aquifer response to a sudden,

large input should also be quite abrupt.



28

Surface Water Inventory

Stream gauges, maintained by the U. S. Geological Survey
(Water Resources Data for New Mexico) are located on the main
basin tributaries (Fig. D1). The three major lines of drainage,
the Rio Hondo, Rio Felix, and Rio Penasco originate in the western
mountains and flow in an easterly direction to their outlet, the
Pecos river. Discharge data for these streams are presented in
Appendix D.

The most important tributary is the Rio Hondo formed by the
confluence of Rio Bonito and Rio Ruidoso. Several gauges are
maintained on this stream system. Spring runoff in the headwaters
of this channel system can be considered a snowmelt index (Rio
Ruidoso, Hollywood gauge, see Table D2). For the most part, irri-
gation, infiltration, and evapotranspiration completely absorb the
flow in the Rio Hondo between the village of Hondo and Twin Rivers
Reservoir. The latter is generally dry and its only purpose is
flood protection for the City of Roswell (population 45,000).

The two other main streams in the study area, Felix and
Penasco, also have gauges which are located near their outlets at
the Pecos river.,

Arroyo Macho, toward the northern end of the study area, has
no gauge. It flows only after large rainfall events.

Channel leakage in the Rio Hondo and Rio Penasco constitute a

rapid recharge component to the groundwater basin. Mourant (1963,
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p. 10) has estimated the loss in streamflow to be 1.0 to 1.5 cubic
feet per second per mile in the Hondo. Water level data from Ob-
servation Well #8, near the Hondo at Diamond A Ranch indicate that
the average water level is about 300 feet below the streambed,
thus allowing for substantial storage in the aquifer below. Large
fluctuations in the water table below the Hondo correspond with
changes in stream depth. It is suspected that a similar mechanism
occurs in the Penasco Drainage. However, Observation Well #7 is
not located near a stream gauge to confirm this. No data exist
concerning the Rio Felix.

The contribution of these tributaries to groundwater recharge
in terms of volume is not known at present. However, a model has
been proposed and is currently being tested to give a more ade~

quate description of rapid recharge.
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Tritium Meagsurements

All tritium measurement results are listed in Appendix A.

units used for reporting these results are defined in Appendix

Where referred to in the text of the report, sampling points
designated by a letter symbol followed by a number, keyed to
listing of Appendix A. The letter symbol represents the sam-
category (such as Spring, Principal Aquifer Well, etc.) and
number refers to the sampling point location. The categories

symbols are tabulated in Appendix A.

Precipitation

Tritium in precipitation has been steadily declining since

1963 (Test Ban Treaty) when it peaked around 10,000 TU.

Simple yearly average concentrations of tritium in precipita-

tion for the study area are shown in Table I.

Streams

The tritium concentration in streams appears to have de-

creased substantially from January/July 1973, when it exceeded 100

TU at sampling points on Rio Hondo and Pecos, to 1974, when it was

80 TU or less. Moreover, the Hondo and its tributaries seem to

show a summer tritium high (possibly related to snowmelt and storm

runoff) and a winter low. Because of the large fluctuations in

eritium content of the atmospheric water samples it is not possi-

ble

at present to compare average tritium levels in surface and
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Table I. - Yearly Precipitation, Tritium Concentration, and Tritium
Input Function.

Computed with precipitation estimates of Appendix C and
tritium concentration measured at Socorro and Ottawa
(TAEA, 1974).

Total P,

Precip. (Areal) f=0.1—=
Year (Inches) TU Pre*TU P f*TU*Precip.
1955 13.77 .102
1956 7.56 .056
1957 13.88 117, 1624, .103 167.3
1958 19.35 257. 4973, .143 711.1
1959 12.16 801. 9740. .090 876.6
1960 14,13 191. 2699, .104 280.7
1961 12,40 173. 2145, .092 197.3
1962 14.79 551. 8149, .109 888.2
1963 9.08 1897. 17225, .067 1154.1
1964 8.88 827. 7344, .066 484.,7
1965 13.82 447, 6178. .102 630.2
1966 12.92 226. 2920, .095 277.4
1967 11.43 259, 2960. . 084 248.6
1968 15.47 156. 2413, .114 275.1
1969 15.64 .116
1970 9.65 173. 1670. .071 119,
1971 14.16 141, 1997, .105 209.6
1972 20.33 88.1 1791. .150 268.7
1973 11.10 147, 1631. . 082 133.7
1974 20.07 72. 1445, . 148 213.9
Mean: 13.53
P, = Precip. in ith Year

i

= 1955~1974 Mean Precip.
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precipitation water. The tritium content in streams would gener—
ally be decreased due to dilution by base flow fed by older
groundwater.

Springs in the Recharge Belt

Paul spring, Cleve's spring, and Trout Farm spring all showed
high concentrations (20~100 TU) in early 1973. They are at pres-
ent below 10 TU. Thus, they are apparently fed by systems in
which rapid recharge can take place.

Observation Wells in the Recharge Belt

Observation Well #8, located within the drainage of Rio Hondo,
shows inequivocal evidence of rapid recharge. Tritium levels are
consistently high (40-50 TU), and water level fluctuations are
closely synchronized with discharge through the river. Thus, this
well exhibits the characteristics of rapid recharge as formulated
in the Hydrologic Model.

Observation Well #7, located near the north bank of Rio
Penasco, shows these characteristics also. Unfortunately, it
could be sampled only twice because of a cave-~in in the well bore
which has also prevented the continuation of water level records.

By contrast, the remaining observation wells show generally
much lower tritium contents.

Observation Wells #2, #8, and #9 showed one high (>10 TU)
tritium concentration each in April 1974 (Fig. 4a). In the case of

wells #2 and #9, measurement error may have been involved. But,
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if real, these high values suggest a rapid recharge component from
a 1972/73 atmospheric high.

Several observation wells (notably #2 and #9) show strong wa-
ter level oscillations with periods of days,xin response to baro-
metric pressure changes. Thus, even in the Recharge Belt, partly
confining conditions are encountered. Confining or partly confin-
ing conditions are also observed in the southern portion of the Re-
charge Belt (flowing wells on the Flying-H Ranch). This suggests
that percolation of precipitation water perhaps does not, every-
where, occur as freely or as rapidly as required by the Hydrologic
Model. Alternatively, dilution by mixing with older (deeper) wa-
ter is greater than assumed heretofore.

The barometric—pressure fluctuations in water levels mask
seasonal water level changes in response to recharge. However,
taken together with the tritium data, these seasonal fluctuations
appear to be pulses of head changes in response to recharge else-
where rather than recharge occurring in the immediate surroundings
of the observation wells themselves. This problem, of considera-
ble importance for an understanding of recharge in the basin, is
discussed below.

Observation Wells #2 and #3 are located on the northwest and
southeast flank, respectively, of the Border Hill structural belt,
characterized by intense fracturing, faulting, and folding. These

structural belts have been considered prime loci for infiltration
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(Bean, 1949). ©No evidence for this is apparent from the data (wa-
ter levels and tritium) of these two wells.

Observation Well #4 is located in a major dry valley. A near-—
by windmill (distant 100-200 ft) was also sampled and no signifi-
cant tritium difference observed. Tritium does not indicate rapid
recharge, but seasonal well level fluctuations are pronounced.

Mourant (1963, p. 21) gives the hydrograph of a well
(12.23.5.311) located to the southeast of the now abandoned Hondo
reservoir in the Hondo drainage. This location corresponds exact~
ly with our Patterson wells [WR5]. A water level rise of 17 feet
was recorded in response to the extraordinary (>30") rainfall of
1941, The rise seems to have been general in wells around Roswell.
Runoff through Rio Hondo in 1941 was about 178,000 acre-feet
(Table D1), the highest ever recorded.

Bean (1949, pp. 25-26) and Mourant (1963, pp. 20~23) show
conclusively that wells in the eastern zone of the Recharge Belt
(the "principal intake area"), specifically between Woods well in
Range 22 to the west, and Patterson in R. 23 to the east, exper-—
ience seasonal drawdown effects due to pumping in the irrigated
basin around Roswell.

Whether this effect extends to the observation wells here
discussed, especially Nos. 2 (in R. 20) and 3 (R. 21), has not yet

been established.
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Other Wells in the Recharge Belt

Hope Municipal Well [WR14]. This well showed a concentration

of 15 TU in July 1973, perhaps related to the 1973 atmospheric
high, and a high of 20 TU in January 1975, perhaps related to the
heavy rains of fall 1974, Thus, a rapid recharge component may
exist for this well.

The Flying-H Flowing Wells [WR16, 17] are in the San Andres

formation. Systematically sampled since 1974 and showing, as a
rule, very low tritium values. But 45 TU were recorded in August
1973, in one of these wells in apparent correspondence with an at-
mospheric high. Thus, in spite of confining conditions, a rapid
recharge component is present.

Windmills in the Recharge Belt. Used as stock and house

wells, a number of them have been regularly sampled to supplement
information from the observation wells. They are, in general,
characterized by low tritium contents. But one of them, located
where U. S§. 380 crosses the Border Hill [M1l], has given high
tritium values indicating rapid recharge at that location. This
windmill is also located 2 miles north of the Rio Hondo. The as-
sociation between high tritium values and rapid recharge is evi-
dent here.

Discharge Belt

Elk #1 [WP1l] is a flowing observation well in the confinped

section of the Principal aquifer. It is equipped with a pressure
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recorder maintained by the United States Geological Survey. It is
located on the east bank of the Pecos River east of Roswell. This
well showed a concentration of 20 TU in April 1974, in correspon—
dence with modest tritium highs observed in the Allison and Clardy
wells (see above).

Irrigation Wells: Principal Aquifer. Roswell. Irrigation

wells in the Principal aquifer show, in general, tritium levels of
less than 10 TU like the Recharge Belt observation wells and wind-
mills. Significant differences have been observed as follows (Fig.
4b):

Allison [WP5] showed 20 TU in May 1973 (one well) and close
to 40 TU during the early summer of 1974 (2 wells). An early sum-
mer 1974 peak was also observed in one of the Clardy wells [WP4].

These summer peaks coincide with a period of below-average
precipitation (January-July 1974) and therefore increased pumpage
in the basin.

Irrigation Wells: Principal Aquifer. Artesia. A number of

wells have been sampled systematically since the summer of 1973.
Except for two instances in July 1973, tritium levels have been
below 10 TU. The hydrologic model predicts that high values
should have been observed between 1967 and 1972 (corresponding to
an estimated residence time between 7 and 15 years of the 1958/60
atmospheric tritium high).

Alluvium Aquifer and Transition Zone (between Recharge and
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Discharge belts). This category includes shallow irrigation wells,

windmills and one hand~dug well equipped with a windmill [M12].
The wells in this category generally show tritium levels higher
than the Principal aquifer. The highest concentrations were ob-
served in the hand-dug well on the Pecos flood plain east of
Artesia (80-90 TU). 1Imn general, it appears that water from the
upper 100 feet of the Alluvium has higher tritium concentrations
than water from deeper portions of the unconfined aquifer. This
may possibly reflect a hydrologic difference between Alluvium and
Gatuna. The higher tritium content of the shallower groundwater
may also be related to recirculation of irrigation water, selec-—
tive retention of tritium in the soil, or evaporation effects.,
The shallow Patterson wells [WR5], with concentrations of up
to 40 TU, may belong into this category. We have, however,
classed them in the Recharge Belt because they produce mainly from

the San Andres formation.
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DISCUSSION

Tentative Interpretation of Tritium Measurements Since 1973

This section refers to data summarized under Results and
listed in Appendix A.

A tritium peak in recharge is indicated by measurements on
samples taken between January and July 1973, from streams, springs,
and certain wells in the Recharge Belt. However, this peak is not
evident in measurements of rain and snow during the same time pe-
riod or the year before (see Table I).

The presence of this peak supports the concept of a rapid re-
charge component (appearing in springs and wells only months after
the atmospheric event and disappearing equally rapidly). As a
rule, however, tritium levels in the Recharge Belt are low (<10 TU),
similar to levels measured in deep wells along the Pecos River,
and the apparent failure of sampling points in the Recharge Belt
to respond to the large precipitation input of July/October 1974
is puzzling. Since the Recharge Belt is so wide, it is possible
that any new contribution is so highly diluted in the large reser—
voir that, in general, a modest tritium increase, or one limited
to the input of one single year or less, will be hardly noticeable,
except under special localized circumstances, or at times when
tritium concentration in recharge is unusually high (e.g. 1962-
1964). Therefore if, as at present, tritium concentrations in re-

charge are relatively low, groundwater (piezometric or water table)
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levels could show rapid changes in response to recharge while trit—
ium concentrations stayed low on the whole. This mechanism would
require the existence of a slow recharge component, or one of "old"
(deep?) water, in which to dilute the new recharge. "Slow" means
older than the half-life of tritium (12 yrs).

Our results suggest that rapid recharge occurs especially
along present drainage systems.

A tritium peak also seems to show up in certain irrigation
wells pumping from the confined part of the Principal aquifer, in
the dry months of intensified pumping that precede the high rain-
falls of July/October 1974, This suggests leakage from the Allu-
vium to the Principal aquifer (Fig. 4).

Tritium levels in precipitation water of <10 TU represent the
background tritium concentration generated by cosmic rays. This
was the typical level before 1954 (date of the first atmospheric
nuclear tests). From.a high around 10,000 TU in 1963, tritium
levels in precipitation have been declining continuously, until
now the average level in the study area is around 100 TU or less
(see Table I). Minor peaks (of a few hundred TU) may be superim~
posed on this essentially uniform decline. They are attributed to
small atmospheric tests conducted by parties who were not signato-~
ries to the Nuclear Test Ban Treaty of 1963,

On the basis of the Hydrologic Model one would therefore ex—

pect a continuous decline of tritium levels in groundwater of both
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the Recharge and Discharge belts. But with a residence time of 3
to 4 years (computed by the Model), the levels in the Discharge
Belt could actually be higher than in the Recharge Belt unless, of
course, dispersion in the migrating groundwater compensates for the
higher tritium content of the older recharge. Also, migration in
the unconfined part of the Principal aquifer has been supposed to
be much slower than in the confined region (Saleem and Jacob, 1971;
Rabinowitz and Gross, 1972). Overall, therefore, tritium levels
would tend to equalize in both zomes. If the typical residence
time in the recharge area is no more than a few years (Rabinowitz
et al., 1976) then the average tritium concentration in ground-
water from the Recharge Belt should be a weighted average over the
last 5 to 10 years (corrected for radiocactive decay) and, there-

fore, should be appreciably higher than presently observed.



43

The Hvdrologic Model

The Model outlined earlier was a first attempt to use the
tritium data of the basin to examine concepts derived from conven-
tional hydrologic and geologic studies, and to predict future hy-
drologic developments. It may be the only study of this type of
as large a hydrologic basin as this one.

The Model results seem to confirm accepted concepts regarding
transmissivities, porosities, and flow patterns in different parts
of the basin. Groundwater residence times were computed that seem
to harmonize with the general hydrologic picture. However, part
of this agreement was achieved by adjusting parameters (groundwater
flow velocity, dispersivity, size, and location of the Recharge
Belt) in the dispersion model.

Major objections to the Model as formulated concern the as-
sumption of a uniform and rather high flow velocity for the north~
ern part of the basin (70 ft/day); the practically simultaneous
appearance of the most prominent tritium pulses in seven long-
record wells (monitored for 10 years or longer); the apparent lack
of broadening of these pulses as they travel from west to east
through the basin; the discounting of leakage between the Shallow
and the Principal aquifer as a significant factor in the observed
tritium distribution; the apparent failure of major tritium pulses
to materialize after 7 to 15 years in the southern part of the

study area (Artesia), as predicted by the Model; and the arbitrary
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treatment of recharge due to the lack of observations in the Re-
charge Belt.

Another point of concern is the similarity in tritium concen-
trations between well waters in the Recharge Belt and near the
basin outlet.

These problems will now be discussed.

Uniform flow velocity

The water table contour map published by Mourant (1963) shows
a large flattening of the hydraulic gradient eastward between
R.21E and R.22E (about 2 miles west of Observation Well #3). This
is believed to be the zone where the water table passes from the
Glorieta in the west into the carbonate facies of the San Andres.

The Model assumes that significant recharge only occurs east
of this zone and thus excludes from consideration the major part
of the Recharge Belt.

Correlation of well pulses in long-record wells

Only one well in the Recharge Belt was systematically moni-
tored during the last 15 years. It is Woods Well [WR3], located
about 6 miles west of the Recharge Boundary, within Mourant's zone
of high groundwater flow velocity.

The Patterson wells [WR5] are located about 5 miles east of
the Recharge Boundary, near the Hondo drainage. Allison is rough-
ly on the center line of the basin, and the remaining three

(Clardy, Wiggins, Pollard) are aligned approximately north-south
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along the Pecos River. Yet the largest tritium pulse in all of
these wells occurs at about the same time (within about 6 months),
thus apparently contradicting the concept of a sequential progres-
sion of these pulses from the Recharge Belt eastward across the
basin. In order to meet this difficulty, the hydrologic model as-
sumed that (a) recharge to the basin wells came mainly from the
high-velocity zone east of Woods Well; (b) recharge to Woods well
came from the low-velocity zone to the west. According to this
view, the synchronicity of tritium peaks between Woods well and
the remaining wells is fortuitous. The synchronicity of pulses in
wells along the western flank of the basin (Patterson), or along
its center line (Allison [WP5]) with those along the Pecos river
(Elk [WP1l], Clardy [WP4], Wiggins [WP8], Pollard [WP12]) was ex-—
plained by supply from different portions of the intake area and,
consequently, different flow directions and distances.

The approach followed in the Hydrologic Model was to estab-
lish a detailed correlation between individual tritium peaks in
recharge with those in well samples, as a function of time.

In the present report we suggest an alternative approach that
may possibly prove of some usefulness in light of the objections
raised against the hydrologic model. Considering the long-record
wells (Fig. 5), the over—all similarity of all seven curves is ob-
vious. This is particularly striking if, instead of looking at

individual peaks, one considers the general trend. What appears
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then is a roughly monotonic build-up to a maximum in 1962/63, and
a subsequent steep decline (with a minor hump in 1965) to the
present. This general trend roughly parallels the over-all build-
up of tritium in the atmosphere (Fig. 6a) apparently without time
lag.

Interaquifer leakage

An orderly synchronous progression of groundwater recharge
pulses down-gradient across the basin was deduced from about 60
wells distributed over the northern part of the basin and sampled
repeatedly over a period of 3 years (1959-1961). Their tritium
concentrations were contoured into a sequence of highs and lows
oriented in a general north-south direction and seen to migrate
with time eastward across the basin. From this it was argued that
inter—aquifer leakage between Alluvium and Principal aquifer in
the northern (Roswell) part of the basin is negligible, since a
much more random pattern of tritium highs and lows should be ex-
pected in this case. The number of sampling points in relation to
the basin area was, however, insufficient to establish a conclusive
contour pattern.

Tritium pulses in the southern part of the basin.

From earlier geological and hydrological studies (e.g.
Hantush, 1957) it was known that the transmissivity between Artesia
and Hagerman is much lower than further north, around Roswell.

Thus, when no large tritium pulses were observed in the south, in
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remarkable contrast with the north, this was seen as evidence for

a much larger travel time (>8 ys. vs. 4 ys.). High tritium values
have never been observed in the Principal aquifer around Artesia.

The model prediction has not been substantiated.

The reason may lie in an insufficient sampling density and
frequency in the Artesia area during the critical time period. It
may, however, be related to the smaller leakance of the Artesia
Group in this area compared to the northern portion (Hantush, 1957).

Recharge mechanism

As mentioned above, only very few tritium measurements of
groundwater from the Recharge Belt were made between 1956 and 1974.
Since that time, sampling emphasis has been shifted to the Recharge
Belt.

A rough calculation of expected tritium levels according to
the Hydrologic Model can be made as follows: The annual mean pre-
cipitation over the basin in 1974 was 20" (see Appendix C). A
representative tritium content for precipitation at that time is
conservatively estimated at 100 TU. According to the model we as-
sign (Rabinowitz et al., 1976a, c).

Effective recharge: 4.5"

Effective porosity: 1%

Effective aquifer thickness: 200 feet
Therefore, assuming "instantaneous" mixing of recharge, typical

concentrations in water from the Recharge Belt in 1975 should be:
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4.5" x 100 TU

200 ft x 0.01 % 12"/fc ~ 20 TU

Actual concentrations would be higher if mixing was not in-
stantaneous over the whole aquifer thickness, and smaller if the
"effective thickness" (= aquifer thickness x porosity) was substan-
tially higher.

As a rule, the concentration was found to be substantially
lower than 20 TU. Exceptions are, as indicated earlier:

Observation Well #8 [08], located within the drainage of Rio

Hondo;
Observation Well #7 [07], located within the drainage of Rio
Penasco

Border Hill Windmill [M1], located on the Border Hill struc-

ture zone.

Thus, "instantaneous" recharge can and does occur as conceived
by the model, but it does not seem to be uniform over the Recharge
Belt.

High flow velocities, whether uniform or not, and rapid re-
charge appear to be supported by the quick recovery of drawdowns
in the basin following copious summer rains. Hantush (1957, p. 81)
calculated a typical recovery time of about 20 days for a drawdown
of 63 feet. He carefully pointed out, however, that the major por-
tion of such a recovery is due to well shutdown, mot recharge ef-
fects. Moreover, the recovery here considered is that of head, or
impulse, it does not represent actual mass flow in the aquifer.

Saleem and Jacob (1971, pp. 117-121) have calculated the applicable

impulse travel times for a distance of 6 miles as follows:
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Alluvium aquifer: 2-4 years

Principal aquifer: 3 days

Recharge Belt (Roswell): 2-4 years

We suggest that recharge has both a rapid and a slow component
and that mixing (dilution) of new recharge with "older" water is,
on the average, significantly greater than assumed by the Model.

The slow component may owe its existence to a low rate of per—
colation of precipitation from the surface to the water table over
a major portion of the Recharge Belt; or it may be the result of
mixing of rapidly percolating surface water with older water. The
older water may come from one or both of two sources: (1) slow
migration of water in the Principal aquifer itself from parts of
the Recharge Belt outside the "principal intake area"; (2) migra-
tion from deeper aquifers (either by upward leakage or by lateral
migration from the west where these aquifers outcrop).

Bean (1949, pp. 20-25) distinguishes, within the Recharge Belt,
areas of high and low intake capacity related to both lithology and

structure (see above, section on Geohvdrology).
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Alternative Mechanisms for Recharge and Tritium Pulses

The difficulties with the Hydrologic Model, as they have been
discussed above, became progressively apparent as this work was
being completed and led to a search for alternative mechanisms of
recharge and propagation of tritium peaks that may either supple-
ment or replace the Model by providing a better fit to the data.
Moreover, these mechanisms may act singly or in combination.

These alternatives will now be presented, together with the
evidence to substantiate or reject them.

The Tritium Input Function

The Hydrologic Model was based on a tritium input function

computed from the formula (Rabinowitz et al., 1976a)

Py
C xk—=07P
n P 1
where
- . . s . . th _,
Cn = tritium concentration in precipitation in the n~ time
. s .th
period during the i~ year
k = 0.1, a calibration constant
_ s . , . th
Pi = precipitation in the i year
- s . . th _. . . . th
Pn = precipitation during the n~ time period in the i~ year
P = mean annual precipitation

Tritium concentration was averaged for seasonal pulses, and
precipitation from two rain gauges (Farnsworth Ranch and Dunlap)

was used.
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The resultant tritium input function is shown in Fig. 6c.
Also shown is tritium concentration in precipitation (Fig. 6a).
The latter builds up in successive years to three major peaks (1954,
1959, 1963). The minima between peaks are successively higher in-
dicating a tritium build~up in the atmosphere. Thus, the peaks are
superposed on a monotonic increase of atmospheric tritium to a max—
imum of near 10,000 TU in 1963 and a basically monotonic decrease
from then to the present.

The tritium vs. time plots of the long-record wells studied
for the hydrologic model (Rabinowitz et al., 1976b and Fig. 5 of
the present report), also show one dominant peak in 1962/63. 1In
the Hydrologic Model, this peak was correlated with the 1958-1960
tritium input function (Rabinowitz et al., 1976b).

For the present report, a new approximate tritium input func-
tion was computed from above formula but using (a) the basinwide
annual precipitation as computed in Appendix C; (b) the average
tritium concentration for each year, as measured at Socorro. The
results are shown in Table I and Fig. 7. In contrast to the orig-
inal tritium input function, this one shows a monotonic increase
and decrease similar to the tritium concentration vs. time curves
for precipitation and for long-record wells.

The above considerations have a bearing on the following dis~
cussion of alternative interpretations of recharge and tritium

peaks.
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Alternative 1: Recharge is transported mainly through the drainage

system.

If a major part of the recharge were introduced through the
major stream channels, both as surface and subsurface flow, it
could be injected into the deep aquifer further to the east. Re-
charge could be rapid, as postulated, but the groundwater flow
velocity could be substantially lower. The correlation of tritium
well peaks with peaks in precipitation and the progression of
these peaks eastward through the basin would stand as developed in
the Hydrologic Model. This is an important consideration for the
following reason: If it is assumed that tritium peaks in wells
along the Pecos river are the result of down-gradient migration
within the Principal aquifer, then the correlation is unique and
the time lag of 3% to 4 years is confirmed by the best available
evidence (Rabinowitz et al., 1976b). This is so because tritium
observations in Principal aquifer wells began as early as 4 to 5
years after the first atmospheric nuclear explosion series so that
the correlation has a rather precisely defined starting point.

The three major rivers in the groundwater basin, Hondo, Felix,
and Penasco, have stream gauges and the runoff has been measured
for over 30 years. The results are presented in Appendix D. Be-
cause on the Felix and Penasco the gauges are located near the out-
let, it is difficult to evaluate the contribution of these streams

to recharge. On the Hondo, however, there are several gauges (Fig. D1);
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along with groundwater level data they indicate that the Hondo is

a losing stream. It 1s possible that even those drainage channels
which are usually dry could play an important role in concentrating
and transmitting subsurface runoff (at velocities substantially
greater than deduced from the average water table gradient) and
therefore make a significant contribution to groundwater recharge.
No quantitative estimate of this contribution can be made at this
time.

Bean (1949, pp. 20-25) has estimated the recharge along the
prominent drainage systems in the basin. The largest recharge oc-
curs along the Hondo drainage below Picacho. He estimates that in
a typical year the Hondo contributes about 19,000 acre-feet to
basin recharge and the Penasco about 9,000 acre—feet. This com~
pares to an average basinwide yearly recharge (period 1952-1972)
variously estimated at 130,000 acre-feet (Rabinowitz and Gross,
1972, pp. 150 and 164) or at 240,000 acre-feet (Saleem and Jacob,
1971, p. 30). During the same period, the yearly basinwide pump-
age was about 434,000 acre-feet (Saleem and Jacob, 1971, p. 45,
and Water Master reports from N. M. State Engineer Office, Roswell).

Subsurface runoff is greatest west and north of Roswell be-
cause of the lithologic character of the San Andres in that area
(gypsum and anhydrite) which is enhanced by intersection with
structure zones. Figs. D2 and D3 indicate appreciable channel

losses.
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On the negative side, tritium measurements from the deep Pat-
terson wells [WR5], located close to the Hondo drainage near the
western edge of the Alluvium, show no evidence of very receant re-
charge from the Hondo. Tritium measurements from these wells are
therefore in striking contrast with Observation Well 8 in the Re~
charge Belt, the location of which with respect to the drainage is
quite similar. The difference is, of course, that Rio Hondo has
ceased to flow 10-15 miles west of Patterson while it is perennial
at Observation Well #8. Thus, subsurface flow along the Hondo
drainage at this point (Patterson) appears to be minor. The 17—
foot water level rise in 1941/42, mentioned earlier (see Results -~
Observation wells) may not be indicative of local injection of new
recharge water.

Alterpative 2: Recharge takes place over a much broader zone than

postulated in the Model, including a substantial contribution from

snownelt in the Sacramento mountains and, on the average takes

much longer than previously assumed.

A slow recharge component has not been considered in the Mod-
el. Infiltration of snowmelt and summer rain from the Sacramento
mountains could be a recharge source that has not been considered,
except for the surface runoff provided to the major drainage chan-
nels discussed under Alternative 1.

Consequences of this mechanism for the Hydrologic Model would

be far reaching:
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(1) A substantial part of recharge would come from winter and
not summer precipitation.

(2) This portion of the recharge would occur much more slowly
than the recharge component postulated in the Model. This would
account for the "dilution" of recent recharge as suggested by the
tritium results.

I1f winter precipitation provides a substantial part of the
recharge, a plausible mechanism is as follows: Snowmelt enters
the system at the westernmost edge of the Recharge Belt (or 30-50
miles west of the string of observation wells), perhaps through an
aquifer deeper than the San Andres.

Data on snowpack and snowmelt are not available for the
Sacramento mountains.

Runoff through the Rio Ruidoso in its upper reach (Hollywood
gauge, see Table D2) was taken as a measure of annual snowmelt. A
correlation of these data with observation well levels gave an
essentially negative result. However, it could still be possible
that a large runoff component, produced by seasonal snowmelt, is
absorbed into the groundwater system in the headwaters reaches. A
comparison of runoff through the Ruidoso between gauges at Holly-
wood and Hondo, during the years when both gauges operated simul-
taneously (Table D3) or through the Hondo between Picacho and
Diamond-A Ranch (Table D4) indicates that some runoff from snow-

melt disappears in the upper channel reach. Thus, Bean's estimate
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of recharge through the Hondo below Picacho probably takes into ac~
count a major part, but not all, of recharge taking place in the
channel system formed by the Ruidoso, Bonito, and Hondo.

A further approach, to be tried in the next phase of this
work, consists in determining the source of water in the Recharge
Belt by 0187016 isotope ratios. These should differ depending on
the origin of the water (summer thunderstorms vs. snowmelt),

Dither Alternative 1 or 2 could lead to the conjecture that
the aquifer tapped by the observation wells and windmills in the
Recharge Belt is not directly connected to the Principal aquifer
but is perhaps a separate sub-system hemmed in between the struc~
ture zones. These structure zones are supposed strongly to local-
ize recharge. Since they trend southwest~northeast, this sub-
aquifer may therefore actually discharge in the same direction and,
if so, can not be the main supply to the Principal aquifer to the
east.

Alternative 3: The Principal Intake Area or Recharge Belt is as

postulated (a strip 6-12 miles wide along the western edge of the

Alluvium) but two recharge components, one rapid, one slow, occur

and complicate the picture.

Rapid recharge occurs in zones or areas of tectonic fractur—
ing, areas of intense solution features, and along the prominent
drainage lines (Macho, Hondo, Felix, Penasco).

Slow recharge occurs in the intervening portions of the -
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Recharge Belt.

The likely consequences of this mechanism would be as follows:

The over~all recharge to the basin consists of a mixture of
the two components. As a result, large tritium fluctuations in re-
charge tend to be damped out. For the years of very high tritium
content in the atmosphere this would mean that the effective trit~
ium content in recharge was much lower than computed by assuming
that the Tritium Input Function is uniform throughout the Recharge
Belt. This, in turn, would lead to lower values of the dispersiv-
ity (Rabinowitz et al., 1976c).

Alterpative 4: Prominent tritium peaks in wells tapping the

Principal aquifer are, in part or mainly, due to leakage from the

Alluvium aquifer or from direct infiltration.

According to this view, the 1962/1963 tritium peak of the
long-record wells (Fig. 5) does not correspond to any specific
tritium concentration peak in precipitation; rather, the well peak
reflects the progressive build-up of tritium in recharge (especial-
ly of the Alluvium aquifer) in the preceding years, combined with
the progressive lowering of heads in the Principal aquifer due to
intensified withdrawal during a series of years of below-average
precipitation. In fact, withdrawal by pumping reached a peak in
1964 and then declined, especially after water pumpage began to be
metered in 1967 (Fig. 8).

Alternative 4 would explain the absence of peaks in the
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southern portion of the study area (where leakage between the
Alluvium and the Principal aquifer is much smaller than in the
north.

In spite of the high values of computed dispersivity and ve-
locity, the peaks do not appear to get appreciably flatter and
broader in their (assumed) progression from the recharge area and

across the basin. This was interpreted as the result of "slug
flow" (Rabinowitz et al., 1976c). If, however, these peaks are
the result of vertical rather than horizontal migration, this
would be expected without special assumptions about flow charac—
teristics.

A similar argument is made for the parallelism in the tritium

vs. time curves of the seven long-record wells among themselves

and with atmospheric concentration trends.
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SUMMARY OF CONCLUSTIONS AND RECOMMENDATIONS

Tritium measurements on precipitation, surface, and ground-
water from the Recharge Belt suggest that recharge consists of
both a slow and a fast component and that the slow component may
be more important than previously assumed.

In the Hydrologic Model which was the starting point for this
investigation, the Recharge Belt was arbitrarily limited to areas
of high transmissivity due to tectonic fracturing and development
of solution features. This was in line with the concept of pre-
dominantly rapid recharge. This concept requires further examina-
tion by methods other than tritium determinations. Approaches
presently contemplated include Oxygen-18 to Oxygen-16 isotope ratio
determinations, modelling of recharge, and correlation between pre-
cipitation and observation well records. Specifically, the roles
of winter snows and of (surface and subsurface) drainage channels
requires, and is being subjected to, close scrutiny.

The synchronicity of tritium peaks throughout the basin,
their fallure to broaden appreciably downgradient, and their ap-
parent absence in the Artesia area all point to interaquifer leak-~
age as an important factor in explaining the distribution of en-

vironmental tritium in both space and time,
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Appendix A

LISTING OF TRITIUM MEASUREMENTS
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Notes to Appendix A

This listing continues and supplements that given by Rabino-
witz and Gross (1972).

Units of tritium measurements.

Tritium measurements are reported in Tritium Units (TU).

1 TU = 1 tritium atom per 10'® hydrogen atoms

7.2 x 1073 dpm/ml

1

3.24 x 10715 ci/ml

Coordinate system.

The coordinate system used for reporting the location of sam-
pling points is the standard Land Survey coordinate system illus-
trated in Fig. Al.

Most irrigation wells have this coordinate location affixed
to the water meter, in addition to the well permit number. This
number (preceded by the letters RA) is also given in the listing
if it was available.

Listing categories and symbols.

Sampling points are shown in the map of Fig. A2. Each sam-
pling point is labeled with a letter symbol designating its cate-
gory, and with a number. The categories and symbols used in this

report are as follows:

Listing category Symbol
Precipitation None

Socorro (incl. Condensed Water)
Langmuir Lab
Elk (Charles Mulcock)



69

*STI®M 3UTIBO0T 1037 wolsks 231BUTPI00)

*IV *813
\v L L _19m
ﬁ_.ﬂ| sjw | \“ 4.. sajjw 9 V__

T T _ <
| ¥ k "\oe Ge be ¢¢ z2¢ e
ts = ¥— | N
e b X

¥ -t - s2 92 iz 82 62 og
_ _ \

e
“ _ v /nm zz2 12 02 /m_/,.z
lllllll 2l-——b— , 2

I gl o S 9l 21 g1 |4
| \
| Yot 1M

2 i 2l i /o_ 6 ) 2
_ X
_ 1 2 g b g 9
| \

FANNEEIS NEVARS

UOII3S D UIyM  SioDUy
Buaquinu jo wayshg

diysumos o uiypm 1R
Buuagquinu jo wajshs Uounuon



70

Listing category Symbol
Precipitation con't. None

Roswell airport
Fort Stanton

Surface Water S
Springs T
Observation Wells 0
Windmills M

(located mostly in the Recharge Belt but
includes a few in the Discharge Belt)

Wells in the Recharge Area WR
(includes irrigation wells, house wells,
Hope municipal supply)

Wells Producing from the Alluvium Aquifer WA

Wells Producing from the Principal Aquifer WP

Wells Producing from the Alluvium and Principal WAP
Aquifers

Geological well correlation.

With the continued study of the hydrology of the Roswell Basin,
the need for a better understanding of the structure, stratigraphy,
and geological history of the area has become more pressing. The
lithologies of the domestic, stock, and irrigation wells samp led
for tritium are of particular interest. Without some knowledge of
the construction of the wells (depth, casing, perforation) and the
lithologies encountered in the well bore, the interpretation of
the tritium measurements in relation to the Alluvium and Principal
aquifers is difficult, and the validity of the suggested alterna-

tives to the Hydrologic Model cannot be ascertained.
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For this report, an effort to collect the necessary data for
the wells sampled was started. When possible, the well construc-
tions were taken directly from the drilling reports required by
the State Engineer's Office, and the lithologies were interpreted
from the drillers' logs which must accompany these reports. If
these reports were not available, data for some of the wells were
acquired by communication with the person in charge of the well.
The above procedures do not apply to the Observation Wells, for
which data were obtained from a paper by Crawford and Burton (1958).

A simplified stratigraphic column and cross-section for the
area of the study are given in Figs. A3 and A4. From the logs the
best actual examples of the full section seem to be found in
Artesia. 1In the determination of the well lithologies, no divis.
sions were made beyond the formations and groups (underlined in Fig.
A3) due to lack of information obtainable from the simplified dril-
lers' logs. While these logs are descriptive, they are often am-
biguous in regard to geologic meaning, e.g. "hard rock,'" an entry
sometimes referring to the carbonate facies of the San Andres for-
mation and sometimes referring to some rock which wore the drill
bit rapidly. An example of the difficulties encountered in inter-
pretation is the Lovington sandstone. This unit in the upper part
of the San Andres formation is a well defined marker bed in the
area of Artesia (Kinney et al., 1968). It is lithologically well

described, but it could not be picked out with any certainty from
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AGE GROUPS ,FORMATIONS , MEMBERS DESCRIPTION
Holocene 0-300 ft. thick
and Alluvium Caliche, gravels, sands
Pleistocene some clays.
Pleistocene 3—220 fti thick 1
and Gatuna formation ag s,lc ays;.grive Ss
Pliocene red color, thin layers
of carbonates.
0-400 ft. thick
Permian Artesia group Upper portion:
Tansill formation Clays, sands, evaporites.
Yates formation Lower Portion:
Seven Rivers formation| Clays, sands, carbonates.
Queen formation The Queen formation is
Grayburg formation usually considered to
form the aquitard.
-9 :
San Andres formation 300 ? fe. Fhl?k
Fourmile Draw member Epper ?ortlo?. ds (Lovi
Bonney Canyon member vagorltes, ganbs (Lovington
Rio Bonito member san stone)3 carbonates.
Lower portion:
Carbonates, sands
(Glorieta sandstone), shales.
Yeso formation
Precambrian

Fig. A3

Simplified Stratigraphic Column for the Roswell Basin
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the logs used. The most difficult boundaries to define were those
between Alluvium, Gatuna formation, and Artesia group, probably
due to lithologic similarities between these formations. The
boundary between the Artesia group and the San Andres formation
was relatively easy to distinguish, except where the Four Mile
Draw member of the San Andres formation is present in a well,

since it is a predominantly evaporitic facies which resembles the
Artesia group. If no boundary distinctions were possible, the
formations thought to be present were simply listed without indi-
cating specific intervals (see Map #WP8 in the listing). In a few
cases, no characteristics of any formations could be established,
in which case the lithologic descriptions were given as recorded
in the driller's log (see Map #WP1l in the listing). The thickness
and hydrologic behavior of the various formations is dependent up~
on the geologic structure and history of the particular location
and in some cases also on marked facies changes within a formation.
These points will be discussed below.

The Alluvium was essentially considered as the poorly defined
lithologic mixture encountered within the first one or two hundred
feet of the well bore. Based on the drillers' logs, caliche,
gravel, sand, and some clay are the major components. No wide-
spread sequence of the different layers of components or their
relative thicknesses, e.g. thin gravel always overlain by thick

sand, was observed in the Alluvium. In fact, no attempt was made
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to give a quantitative measure to the relative thicknesses of the
various components within any formation or group due to lack of
data and because of facies changes. The upper boundary of the
Gatuna formation was considered to be the depth at which the same
components as ip the Alluvium were encountered, but in a somewhat
more orderly sequence of finer-grained material which was often

red in color. 1In addition to the sands, clays, and gravels of the
Gatuna formatiom, there were occasional evaporites and a thin (<20
ft) layer of "rock," interpreted as carbonate material, or "lime~
rock" frequently occurring in the lower part of the formationm.

Just to the south-southeast of Roswell, the lower boundary of the
Gatuna formation was considered to be a second thin layer of "rock."
In certain other areas, the first occurrence of gypsum or anhydrite
("gyp rock") or gumbo (a term, usually referring to a clayey sub-
stance, often used in the section of the log interpreted as Artesia
group) was considered as the lower boundary of the Gatuna formation
The Artesia group was considered to include predominantly clays,
sands, and evaporites in the upper two~thirds of a complete sec-
tion, and sands, clays, and carbonates in the lower one-third of a
section. The boundary between the Artesia group and the San Andres
formation was drawn at the top of a carbonate layer underlain by
one or two relatively thin layers of shales, sands, and possibly
carbonates or evaporites, and then major thicknesses of carbonates.

If the shale and sand layers appeared to be missing, the boundary
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was drawn at the top of the first major thickness of carbonate ma-~
terial.

The most predominant differences in facies and thicknesses,
due to the geologic history and structure of a particular area,
which also seem to have an effect upon the hydrologic character of
the basin are listed below. Fig. A5 shows the general location of
these areas.

1) To the west and northwest of Roswell, the Alluvium and
Gatuna formation are not as thick as might be expected from the
thicknesses near Artesia and the relative locaﬁions of the wells.
In some areas, the rocks overlying the San Andres formation do not
seem to fit either the Alluvium or the Gatuna formations but are
rather nondescript. The Artesia group, at least the lower section,
seems to be missing, as well as the upper part of the San Andres
formation. This is evidenced by the lack of terms, such as gumbo,
in the driller's logs which have been interpreted as referring to
the lithology of the Artesia group, the lack of any thin shales or
sands in the upper part of the San Andres formation, and the oc-

currence, within the first two hundred feet, of massive carbonates

and "black lime," a term often used by drillers to describe the

dark-colored carbonates occurring in the lower sections of the San
Andres formation (Havenor, 1968). This contrasts with the general-
ized cross—section which shows the Artesia group as present on the

western edges of the basin and would support the idea that the San
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Andres formation and the Artesia group have been eroded from the
Roswell structural block.

Judging from the tritium measurements and the interpreted well
lithologies, the Hydrologic Model is affected in this area by the
following conditions: (a) The boundary between the Recharge Area
and the Discharge Belt is difficult to define. At present, a
transition zone seems more plausible than a line boundary. The
logs of the Patterson Wells (see Map #WR5 in the listing) provide
excellent examples of the difficulties in interpreting well lithol-
ogies in this area. (b) The Principal aquifer to the west and
northwest of Roswell behaves as a confined aquifer in some areas
and as a semiconfined or even unconfined aquifer in other areas.
This varying behavior is supported in that in some of the wells
within the Basin, although they were drilled into the Principal
aquifer, the tritium measurements correspond more closely to the
Alluvium aquifer, indicating semi-confined conditions (see Map
#WAP1l in the listing). Another possible explanation for this be-
havior is leakage around the casing. In other wells, the water
levels rose far above the producing horizons implying confined
conditions (see Map #WA3 in the listing). (c) The erosional
features of the San Andres formation influence the flow of re-
charging water into this area.

2) Just to the south~southeast of Roswell, the four major

geologic units are present, however, the lower portions of the
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Artesia group and the upper portions of the San Andres formation
do not seem to be as well developed as in the full section. Com-
pared to the average thicknesses of the four geologic units over
the basin, the thicknesses in this area seem thin. The upper
boundary of the San Andres formation is encountered within the
first three to four hundred feet of the well. As one moves south,
the depth of this boundary increases to approximately six hundred
feet. The major effect of the geology of this area on the Hydro-
logic Model is to support the theory of leakage between the aqui-
fers. Many of the wells in this area have flowed at one time,
indicating confined conditions; however, if the geologic section
is less developed than in the full section as the well lithologies
seem to indicate, the confining layer is more of a semi-confining
boundary.

3) In the area of Hagerman and Dexter, the depth to the up-
per boundary of the San Andres formation is dramatically deeper
than anywhere else in the basin, approaching eight hundred to one
thousand feet. The full geologic section appears to be present,
with the exception of the well at Map #WP1l. 1In all of the wells
in this area, there is an increased quantity of gypsum and anhy-
drite in the Gatuna formation and Artesia group compared to the
average. It is not known whether this represents facies changes
within the geologic units or some other localized cause such as

solution and precipitation. The effect upon the Hydrologic Model
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appears mainly to be that of much more confined conditions than
found farther north.

4) In the area of Artesia, the full geologic section is again
present. It also seems that the stratigraphy over the area is
much more orderly than in either Roswell, where the thicknesses were
variable or parts of the section were missing, or at Hagerman and
Dexter, where suspected facies changes altered the characteristics
of the neighboring well lithologies. The depths to the various
units is closer to an expected value compared to the shallow depths
in Roswell and the dramatic deepening around Hagerman and Dexter.
The geology and hydrology of the Artesia area is probably the
closest to the idealized picture of the basin.

From the four above considerations and from other notes made
during the interpretation and correlation of these well logs,
several suggestions have been made. It is apparent that a more
detailed geologic record during the drilling of new water wells
would be very helpful and possibly lead to more quantitative re-
sults. An analysis of well records from oil and gas exploration
wells in the area would probably be most helpful in increasing our
understanding of the aquifers. More interpretations of the data
available, subjective though these interpretations are, could
possibly help arrive at solutions to the problems such as defining
the boundary between the Recharge Area and the Discharge Belt,

delipeating facies changes, and so forth. It was noted during
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interpretations that a relatively thin layer of blue clay exists
in almost every well throughout the basin, particularly around
Roswell. Unfortunately this layer could not be correlated direct-
ly with either the Gatuna formation or the Artesia group although
it usually occurred within this interval. It is not known whether
this clay is even an extensive feature or just patchy areas, but
it did seem to stand out in the drillers' logs and might be a use-
ful marker bed.

The interpretation of the well lithologies might also be help~
ful in verifying some of the theories related to the structural
zones and blocks of this basin. The structural studies by Havenor
(1968) and Kinney et. al. (1968) as well as the study of stratig-
raphy by Kelley (1971), in which the Gatuna formation is given
greater emphasis than previously, are substantiated by the inter-
pretations made for this report.

In all cases, it is apparent that the more detailed study of
the subsurface geology of the domestic, stock, and irrigation wells
is absolutely necessary for the interpretation of the Hydrologic
Model for this part of New Mexico and that a potential source of

information exists in these drillers' logs.



83

Listing of Tritium Measurements
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Appendix B

OBSERVATION WELL LOGS
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LEGEND FOR OBSERVATION WELLS

Limestone
Dolomite
CASING
Diameter (in.)
Sandstone F
I perforated
Siltstone
I
Depth (ft)

Gypsum and/or Anhydrite

Alluvium (Gravels,Clays, Soils)

% Limestone and Dolomite

CZ sty

~Z272  Contains Clay
% Dolomitic Limestone

x1x1 Contains Gypsum or Anhydrite

Contains Chert

Contains Pyrite [ No Sample

Fig. Bl. PVACD Observation wells, Legend
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PV.ACD. OBSERVATION WELL NO. |

ELEVATION (FT.) DEPTH (FT.)

4694 S SIS, @)

) T T —r
174 4 7
T ] i )
i 7 172
74 I 17 : I I
i
| L { I i

I
. * ]
4494 R VA R 200

N N ey g P ey

ﬁ;4frf4+ﬁﬁf”q;. San Andres
4294 —~ = . =400 Glorieta

—1.-°"..".-W0fel'

LIV - . e
. . . N J
P AL T .

‘ALAE::.&_L' Yeso
4094 — LT 800

LI Sl
B e TR
W — —— — s,
— S TR
7 *

3944 I A 750

Fig. B2,

CASING
?u 5|§_ [

|2O

464
475

1 530

657

PVACD Observation well # 1: 7.20.16.333
(After a log from Crawford and Borton, 1958).
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PVACD OBSERVATION WELL NO. 2

ELEVATION (FT.) DEPTH (FT.) CASING

4504 ~pr—p—rrp—r O 7"

——
[}

l/.
| 2
l
It
T~
]

[
| T
| T
T T
‘I i
{ 7
A

4304 —FZTTFTA 500

T San Andres
oLk Glorieta

4104 —===EEESETT L 400

e A 1435
: Yeso 1

T S Water

T .%{3.'7F1 Water }
400 S s )

503~

203

Fig. B3.

PVACD Observation well #:2: 10.20.16.444
(After a log from Crawford and Borton, 1958).
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PVACD. OBSERVATION WELL NO. 3

ELEVATION (FT.) DEPTH (FT.) . CASING
4190 o —Ens = ey O 10 ’

IS 40'

3990 — -2 Z 7. 200

3790 e S A—— 400

San Andres
Glorieta

T 1 585
3590 — e T T - 600 —
v AT 1\

o = = Water 1
LI T 640—— Yeso 1

e B - 668
3518 672 I 670

Fig. B4.

PVACD Observation well # 3: 10.21.16.222
(After a log from Crawford and Borton, 1958).
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PV.A.CD. OBSERVATION WELL NO.

ELEVATION (FT) DEPTH(FT.) CASING

w’@@ l_:l:rl G - O
I

7
R D A 200
T S A

T ITT e San Andres

e Glorieta
ST T L Water

.. L —
ﬁ
N . - .
- .,

d e T T Weter

T 386 Yeso

Fig. BS.

7”

+ 238

T 386

PVACD Observation well # 4: 13.20.13.222
(After a log from Crawford and Borton, 1958).
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PV.ACD. OBSERVATION WELL NO. 7

ELEVATION (FT.) DEPTH (FT) CASING

4512

4312

4412

3912

371

PVACD Observation well # 7:
(After a log from Crawford and Borton, 1958).

- O

.
!

Water

200

SE3E

o e,

bkl

HEANAN RO

|

{

i

400

AN NN N RN R

N

SN TR
!

~

S~

UL
N J

i~

M~

ot

™~
I~

!

.y

NN ISR T o o re-a41 el

WENERE

N

<]

— 600

NN

o~
.

.
S OO ) IN— — |~
- [~ T\

[

]
.

™.
e

N

=

<

<

|

Water

NTITN {1

NN KN K

N

-

Fig. B6.

San Andres

7II

17.20.18.434

80|
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PVACD. OBSERVATION WELL NO. 8

ELEVATION (FT) DEPTH (FT.) CASING
4283 o O 7"

N ¢ * {
- s
P 1
P P .l" l_..l.-
— T A TIPSO Ay SR
4083 — =il 200
." !/..I' :{7.;
B | 7 L
. D
e v 1P P
f‘ ot ’
P = .—.T?‘:-i.
{ i
|
i i
1 17
! 1
I T
] |
,V,'..!:..A..,T,’T“""
e e i . San Andres

/ A Y 100 Glorieta
3883 f — 1410
- ; ‘ 5_ ': ~ Water Il

Z 4 VA i
7 7

1489
3759 VA = L 504 524

Fig. B7.

PVACD Observation well # 8: 11.21.18.333
(After a log from Crawford and Borton, 1958).
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PVACD. OBSERVATION WELL NO. ©

ELEVATION (FT.)  DEPTH (FT.) CASING

4408 - - 0 7

ARTESIA GROUP
4208 — — 200 SAN ANDRES

o -

1.
>_'.._._._.__,....§__
’
bl

A TN

4008 400

— 9-&1— NO AN KNS
HHRHRRHH R R

4 £
Z
=] 1 | -
1 | . LI
77 VA 7z
V 7 VA
7 7
7 7 Z
Z 7 7
7 7 Z
v b
72 72 ¥
4 7 Z 7
/ VAN A /

Glorieta

. * *
LTl T 620
'Y . 2 . A Y v,
. {

e Water

i Yeso
348 LT p5h +760

Fig. BS.

PVACD Observation well # 9: 4.21.33.111
(After a log from Crawford and Borton, 1958).
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Appendix C

AREAL PRECIPITATION
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OCorona

Farnsworth &

A Fort
Stanton

" A Pica
N Ruidoso Picacho

A

,. Mayhil
Artesiad
™, '
‘\‘ \l
\\ !
N i
_____________ :
'
/
.2 LT ’
Total area: 8243 mi e
Scale
P 0 4 8 16
o —mom e s e
Fig. Ci.

Thiessen polygons used for computation of areal precipitation.
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Precipitation Listing

1955-1974
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Appendix D

SURFACE RUNOFF




205

-
) I
AN
AN
/  LINCOLN CO. >~
-
// N

/

Carrizozo O \//

\
J

e
DTu!oroso } —
OTERO CO ™
L,_,f 076 . Artesi&
"o Hope
N \\“:L\;bﬁ 3083
e R EDDY CEO- b?:!;ﬁﬁilan
LEGEND N .
P
@ Gaging Station L s
" — Water Divide N v Corlsbq

A~ Rivers

ROSWELL BASIN © 10 20 30

Miles

Fig. DI1.

Location of stream gauges.



206

Table Dl. - Yearly Discharge (Acre-feet) for the Rivers Hondo, Felix, and
Penasco.

Rio Hondo (3905) Rio Felix (3945) Rio Penasco (3985)

Year Diamond A Ranch old highway bridge Dayton I (3 statioms)
1940 2,100 *6,040 - -
1941 *177,900 67,900 - -
1942 56,550 22,880 - -
1943 10,480 7,370 - -
1944 11,360 4,370 - -
1945 3,350 2,370 - -
1946 13,010 12,740 - -
1947 7,480 485 - -
1948 16,070 5,340 . -
1949 32,160 38,630 - -
1950 20,040 10,260 - -
1951 1,540 376 - -
1952 5,690 920 294 6,904
1953 5,270 795 1,350 7,415
1954 15,790 52,140 18,200 86,130
1955 16,320 22,910 5,160 44,390
1956 2,410 613 447 3,470
1957 12,680 9,400 2,420 24,500
1958 25,760 6,340 4,930 37,030
1959 3,250 1,840 0 5,090
1960 3,550 9,570 3,110 16,230
1961 1,570 1,940 545 4,055
1962 10,320 7,760 6,700 24,780
1963 1,280 6,520 426 8,226
1964 1,280 0 944 2,224
1965 30,470 11,130 2,630 44,230
1966 8,970 21,130 20,170 50,270
1967 6,600 1,340 456 8,396
1968 16,250 7,150 13,620 37,020
1969 9,400 2,590 3,570 15,560
1970 790 85 167 1,042
1971 6,620 5,370 658 12,648
1972 19,170 23,940 3,310 46,420
1973 17,290 1,850 14 -
1974 10,770 41,020 23,460 -

#Revised
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Table D2. - Yearly Discharge (Acre-feet) of Rio Ruidoso at Hollywood.

Year Discharge
1954 3,820
1955 8,290
1956 3,180
1957 7,440
1958 17,120
1959 3,890
1960 6,410
1961 4,100
1962 15,210
1963 7,700
1964 2,590
1965 10,780
1966 14,540
1967 6,750
1968 16,565
1969 11,420
1970 5,530
1971 6,320
1972 13,890
1973 21,000

1974 €,930
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Table D3. - Monthly Discharge (Acre-feet) of Rio Ruidoso at Holly-
wood and at Hondo.

Month Hollywood (3870) Hondo (3880)
1953
Oct 230 54
Nov 205 60
Dec 202 60
1954
Jan 203 77
Feb 214 118
Mar 224 80
Apr 306 77
May 211 244
Jun 95 183
Jul 152 108
Aug 566 583
Sep 641 389
Oct 728 778
Nov 278 45
Dec 197 92
1955
Jan 257 132
Feb 201 56
Max 555 45
Apr 1,060 53
May 613 62
Jun 168 56
Jul 1,220 2,480
Aug 2,140 2,330

Sep 809 842
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Table D4. - Monthly Discharge (Acre-feet) of Rio Hondo at Picacho
and Diamond—-A Ranch.

Month Picacho (3901) Diamond—-A Ranch (3905)
1957
Oct 1710 1400
Nov 1470 1160
Dec 1330 972
1958
Jan 1070 252
Feb 779 85
Mar 3200 1870
Apr 9450 8220
May 7160 6220
Jun 374 28
Jul 667 6L
Aug 1310 589
Sep 3590 2800
Oct 3020 3200
Nov 1730 1470
Dec 1200 966
1959
Jan 871 327
Feb 778 0
Mar 488 0
Apr 400 0
May 310 0
Jun 783 32
Jul 605 266
Aug 3580 2540

Sep 583 81
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Comparison of monthly discharges through Rio Hondo
at Picacho and Diamond-A Ranch, 1959 to 1562.
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