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ABSTRACT

For the investigation of recharge and flow patterns in the Roswell
(N.M.) artesian basin we have used different approaches. Isotope deter-—
minations (tritium, deuterium, and oxygen-18) have been made as a function
of time and space. Observation well levels, springflow, and precipitation
have been analyzed by stochastic and numerical methods. A hydrogeologic
survey of representative springs in the recharge zone along the western
flank of the basin has been performed. A detailed discussion of various
phases of this work has been given in separate Partial Completion Reports.
In the present report, we summarize and integrate the results. An updated
listing is presented of tritium activity determinations in precipitation,
surface water, springs, and groundwater from over 120 sampling points in
the basin. Several distinct recharge components have been recognized in
the basin. The accumulated evidence indicates that recharge to the Princi-
pal Aquifer from the surface of the Principal Intake Area has been over-
estimated in the past. In order to account for the groundwater budget of
the basin, substantial contributions from deep leakage must be included.
These are primarily supplied by the Glorieta Sandstone and the Yeso Forma-

tion of the western basin flank.
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INTRODUCTION

In an earlier report (Gross et al., 1976) we presented evidence for
the existence of several identifiable recharge components in the ground-
water circulation of the Roswell basin. By recharge components we mean
contributions to groundwater flow originating from different elevations,
or in different seasons, or which have traveled specific routes before
being incorporated into the Principal Aquifer, the San Andres Formation.
The evidence was tentative and based primarily on measurements of envi-
ronmental tritium activity in natural waters. We stated that this was
too narrow an approach to permit a quantitative characterization of re-
charge in this extensive and hydrologically complex basin. For this
reason, specific questions pertaining to recharge in the basin were for-
mulated and methods for their solution were proposed. Tritium activity
measurements were to be supplemented by determinations of other isotopes,
especially of oxygen-18 and deuterium; by the stochastic and statistical
analysis of water levels in observation wells, of precipitation, and of
stream runoff; by the geologic investigation of recharge; and, ultimately,
by numerical modeling.

In the present report, we summarize the progress made in all but
the last of these topics. Attempts at modeling parts of the basin have
just begun. The investigation is continuing in a new Matching Grant
Project, B-059-NMEX (Recharge in Semiarid Mountain Environments).

In the earlier report (Gross et al., 1976) we have presented a hy-
drogeological description of the basin and of the then status of the hy-
drologic investigation. This material is necessary background for what

follows, however it will not be repeated here.



STATEMENT OF THE PROBLEM

Groundwater in the Principal Aquifer, the San Andres Formation, is
apparently supplied by six sources and/or processes. Of these six con~-
tributions, the first four ones to be named below are natural while the
last two are induced by man's activities.

(1) Winter and summer precipitation falling on the western flank
of the Roswell basin (Capitan Mountains, Sierra Blanca, Sacramento Moun-
tains - see Figure 1) is transmitted eastward into the basin by the Yeso
Formation and the Glorieta Sandstone near the base of the San Andres
Formation. Eventually it reappears as deep leakage in the Principal
Aquifer. The transition into the San Andres Formation is thought to
occur under the Principal Intake Area (Figure 1).

(2) Some of this groundwater from the upper Yeso Formation/
Glorieta Sandstone reappears at the surface as base flow and springs.
This is the case of the Rio Pefiasco in its upper course between Mayhill
and Hope, near the western edge of the basin, and of the Rio Felix
(DeWilde, 1961). The base flow thus created runs off along the surface
drainages and 1s absorbed into the groundwater system where these drain-
ages cross the Principal Intake Area.

(3) Snowmelt and, to a lesser extent, flashfloods from summer
thunderstorms run off along the main surface drainages (which are, from
north to south: Arroyo del Macho, Salt Creek, Rio Hondo, Rio Felix, Rio
Periasco). Runoff from this source is absorbed into the groundwater
system mainly where the drainages cross the Principal Intake Area
(Fiedler and Nye, 1933; Gross et al., 1976). The Principal Intake Area

is underlain by the karstic San Andres Formation. Its solution features
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are enhanced by the existence of narrow zonmes of complex faulting and
folding. These "structure zones" (Kelley, 1971; Gross et al., 1976) cut
diagonally across the Principal Intake Area from southwest to northeast.
They are believed to facilitate the infiltration of surface waters and
precipitation; however, the water table is rarely shallower than 300 ft
below the land surface and in many instances as deep as 500-600 ft.

(4) Precipitation, principally from summer thunderstorms, falls
directly upon the Principal Recharge Area and is absorbed into the ground-
water system. We believe that this source accounts for only a small
fraction of the recharge to the Principal Aquifer.

There are two additional contributions to the Principal Aquifer's
water budget; they are consequences of the lowering of the piezometric
head caused by seasonal pumping. They are the main reason for the de-
teriorating water quality in the basin.

(5) Water from the Shallow (or Alluvium) Aquifer along the Pecos
River mingles with irrigation returns and leaks into the Principal
Aquifer during the pumping season.

(6) Northeast of Roswell, saltwater is invading the Principal
Aquifer in a southwesterly direction. The procedence of this saltwater
is not well understood. It presently threatens to impalr the municipal
water supply of the City of Roswell and the agricultural operations
north and northeast of Roswell.

Our work has been primarily aimed at the five first-named ground-
water contributions. Ultimately, we would like to be able to estimate
their relative proportions in the makeup of the water in the Principal

Aquifer; as well as the sources, flow paths, and mean residence times



of each of these contributions. Also to be considered are fluctuations
of these different components as a result of climatic and man-made
factors.

Stable~isotope studies, presently in progress, may give some hints
concerning the sources and nature of Contribution Six.

I+ is not unreasonable to expect that even modest progress toward
the broad objectives bere outlined will lead to a more quantitative un-

derstanding of all six contributions and their interaction in the basin.



APPROACH

Systematic tritium measurements have been continued. Their primary
purpose is to help identify natural recharge components and shallow
aquifer leakage.

Stochastic analysis of observation well and streamflow records was
used to estimate the fast recharge contribution from the drainages of
Rio Hondo and Rio Pediasco.

A hydrogeologic survey of springs along the western edge of the
basin actually led to identification of the second component. This spring
survey was supplemented by a more detailed hydrologic study of Paul Spring
which was equipped with a water level recorder.

The stable isotopes deuterium and oxygen—18 were measured in selec—
ted samples. This was an attempt to distinguish between groundwaters
derived from summer thunderstorms and winter snows, and/or between pre-
cipitation contributions produced at different elevations in the basin.

Several aspects of the work are described separately in three
Partial Technical Completion Reports to WRRI (Duffy et al., 1978; Gross
et al., 1979; Davis et al., 1979).

The several phases of the work are summarized in the following.



TRITIUM ACTIVITY IN BASIN WATERS

Tritium activity measured in water from precipitation, springs,
rivers, and wells plays an important part in all phases of this study.
Examples of the use of tritium activity data in hydrologic analysis are
given below. Our systematic sampling program, conducted for over twenty
years, has been described in a previous report (Gross et al., 1976). 1In
the Appendix to the present report, we give a corrected and updated
listing which supersedes one given there.

The present listing not only includes activity determinations since
the previous listing was published but all values have been recalculated
with an improved background correction and a counting statistical standard
deviation (see Appendix for details). This recalculation does not signif-
icantly affect the conclusions based on previous values.

Several new sampling points, which are strategic for the basin
analysis, have been added.

A detailed interpretation of the tritium data remains to be done.

It can be expected to yield answers to such questions as: How does
pumpage in the basin affect the leakage of deeper (older) water; what
is the residence time of groundwater in the southern (Artesia) part of
the basin; what is the role of the structure zones (Border Hill, Six

Mile, Y-0) in recharge to the Principal Aquifer?



STOCHASTIC ANALYSIS OF OBSERVATION WELL RECORDS

This study has been issued as a Partial Technical Completion
Report (Duffy et al., 1978).

In agreement with conclusions reached from tritium results, the
stochastic analysis indicates that a rapid recharge component is linked
to seasonal runoff through the drainage basins of the rivers Hondo and
Peflasco where they cross Fiedler and Nye's (1933) Principal Intake Area.
Direct rapid infiltration of summer precipitation over the Principal
Intake Area seems secondary as a source of recharge, even in the vicinity
of the highly fractured Border Hills structural zone where two PVACD®
observation wells (Nos. 2 and 3) provide good control.

The average recharge contribution from Rio Hondo was found to be
17,425 acre-feet/year, in reasonable agreement with Bean's (1949) es-—
timate of 19,400 acre-feet/year, based purely on stream-gauge data of a
small number of years.

The storativity/transmissivity ratio in the Hondo valley, an im-
portant hydrologic parameter, was estimated at a mean value of 4.38
% 107° days/ft2. Unfortunately, data on porosity are lacking. There-
fore, it is not possible at present to estimate storativity and trans-
missivity separately.

The lag between runoff and recharge was found to fall in the range
0 to 6 months, in agreement with the high tritium values observed in
PVACD Observation Well No. 8.

Channel losses where the Hondo crosses the Principal Intake Area

(466 to 486 £t 3/month per foot of channel) are more than twice as high

* Pecos Valley Artesian Conservancy District, Roswell, NM.



as in the channel west of the Principal Intake Area (220 £t3/month per
foot of channel).

The data for Rio Pefiasco are much less certain. No quantitative
estimates were obtained but the results clearly show that channel leak~
age in the lower course of the Peilasco makes an important recharge con-
tribution. Bean (1949) estimated it at 9000 acre-feet/year. The recon-
naissance work by DeWilde (1961) indicates that hydrologic conditions are
similar in the Rio Felix drainage.

More work is needed to compute the Pefiasco's contribution and, of
course, those by Arroyo del Macho and Rio Felix. In those drainages we
are hampered by the lack of suitable observation wells and of stream
gauges.

Observation wells located in the interfluvial highlands between
the drainage basins show a completely different hydrologic behavior.
Well level fluctuation is dominated by a long-term response (Duffy et
al., 1978, Fig. 4). This long-term response may be related to changes
in mean annual rainfall, changes in groundwater pumpage in the Pecos
Valley, or a combination of these two factors. Groundwater samples from
the interfluves are characterized by low tritium values.

The study underscores the importance of deep recharge, that is,
underflow to the San Andres Formation through the Yeso Formation and
the Glorieta Sandstone aquifers. This contribution is estimated at
133,000 acre—feet/year for a 100 mile (N-S) length of the basin (Duffy

et al., 1978, p. 58).



HYDROGEOLOGIC SPRING SURVEY

This study has been submitted as a separate report (Davis et al.,
1979). It is concerned with hydrologic conditions west of Fiedler and
Nye's Principal Intake Area (Figure 1).

Most springs to the west of the Principal Intake Area are related
to the Yeso Formation and to the Glorieta Sandstone. This provides in-
dependent evidence for a deep recharge component supplied by these for-
mations. The springs enable us to sample and investigate this deep
component.

Springs are fed by three types of groundwater systems:

(1) Perched, rather localized systems characterized by relatively
high tritium contents. They account for 62% of the studied springs.

(2) Springs fed by valley underflow; these groundwater systems are
more extensive.

(3) A very few springs are apparently related to a regional water
table, which in this western zone is as deep as 1000 feet below the land

\surface.

The tritium content of the springs generally decreases as the
groundwater system increases in size.

The Rio Hondo is primarily fed by snowmelt while the Rio Pedlasco
receives a substantial contribution from perched and underflow springs
in its upper course. This is the likely reason why Pefiasco waters are
substantially lower in tritium.

Rio Felix seems to derive much of its water from a rather extensive

confined and possibly perched groundwater system, the Flying-H aquifer

10



(DeWilde, 1961). 1Its tritium activity is also much lower than the run-
off through Rio Hondo.

These differences are important for an understanding of the hydrol-
ogy of different parts of the basin because they could help explain the
apparently longer residence times in the southern (Artesia) part of the
basin as opposed to the northern Roswell section (Rabinowitz et al.,
1977). Based on tritium ratios alone, the makeup of the recharge sup-
plied by the Hondo is primarily snowmelt; the recharge supplie& by the
Pefiasco (and the Felix) is, to a considerable degree, groundwater from
the Yeso Formation and from the Glorieta Sandstone that supplies the

base flow of these rivers (see p. 2, Recharge Component Two).
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PAUL SPRING

The Paul Spring perched aquifer was selected for more detailed
study as a representative example of recharge processes in the basin.
This work is described in a separate report {(Gross et al., 1979).
Springflow was continuously monitored for 453 days (between January
1977 and April 1978). A detailed geohydrologic map of the area was
prepared. Tritium was measured in spring discharge and precipitation.
Numerical and stochastic analysis and cross-correlation were performed
on the data. The results suggest that a deep flow component: plays an im-
portant role, hitherto underestimated, in the groundwater recharge to
the basin. This deep component is transmitted by the Permian Yeso For-
mation and the Glorieta Sandstone Membexr of the San Andres Formation.
At Paul Spring, this may account for as much as 807 of the discharge.

It appears that the quality of the records is poor, and important
questions remain unresolved, especially one about the character of the
aquifer response to recharge. For these reasons, the measuring setup
has been improved, and we have recently started to record springflow
again. A considerably longer series is needed to correlate these
springflow data with other basin parameters, such as water level fluc-
tuations in observation wells of the Principal Recharge Area. On the
whole, this work supports the conclusions drawn from the hydrogeologic

spring survey.
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OXYGEN-18 AND DEUTERIUM MEASUREMENTS

Subtle differences in isotope content characterize waters of dif-
ferent condensation, precipitation, and infiltration (percolation) his~
tory. The following statements set down the broad principles involved.
For details, the reader is referred to a textbook by Faure (1977).

(1) During condensation of cloud moisture, the heavier isotopes
(oxygen—18 and deuterium) tend to fall out first. Consequently, the
higher the elevation (as along a mountain front) the isotopically
lighter is the precipitation. Since mean air temperature decreases
with elevation, a positive correlation exists between mean air temper-
ature and oxygen-18 (and deuterium) content of precipitation.

(2) During evaporation, the heavier isotopes tend to remain in
the liquid. During melting, the heavier isotopes are enriched in the
solid.

(3) As a rule, snow and snowmelt are isotopically lighter than
water derived from summer thunderstorms.

(4) Oxygen-18 and deuterium content of precipitation are cor-—
related; the per mil difference from Standard Mean Ocean Water (SMOW)
of deuterium, plotted against that of oxygen-18, yields the ''meteoric
iine" (Craig, 1961). As a result of strong evaporation (such as in
playas of closed basins in arid regioms) or of interaction with bedrock,
the isotope composition of a given water sample will be displaced with
respect to the meteoric line because oxygen-18 is enriched more strongly
than deuterium. This displacement is a valuable aid in unraveling the

water's history and path. TFrequently a correlation is found between

13



oxygen—-18 enrichment and salt content of water that underwent strong
evaporation.

(5) If (as in the Roswell basin) calcium carbonate is the predom-
inant aquifer material, isotopic exchange may occur between water and
bedrock, but only the oxygen will be affected. This leads to the water
becoming enriched in oxygen-18. For this "oxygen shift" to be apprec-—
iable, high temperatures and/or very long residence times are required.
Thermal waters are frequently characterized by an oxygen shift.

(6) Groundwater that neither has undergone strong evaporation dur-
ing infiltration nor interaction with the aquifer matrix comserves the
characteristic composition inherited from its meteoric 'parent', that
is, its isotopic makeup is a function of air temperature, elevation,
and condensation history. Hence, groundwater may 'remember' past cli-
mate in its isotopic makeup.

Preliminary results have been obtained in the Roswell basin. They
are summarized below. A detailed report is to be prepared in the course
of the current project (B-059-NMEX).

Rain and snow waters show the characteristic correlation between
oxygen-18 content and mean air temperature. Most surface and all
groundwater samples fall close to the meteoric line.

Isotope exchange with the aquifer matrix was not observed.

Well samples from the Pefiasco drainage area are slightly "heavier"
than from wells in the Hondo basin. This seems to bear out the dif-
ferent origin of the recharge water as discussed in a previous section.

The Clardy wells (Sampling points WP4 on Figure 3), which are the
only wells still flowing in the Roswell area, show also a slightly heavier

oxygen—18 makeup. The reason for this is not clear at this time.
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CONCLUSION

The accumulated evidence indicates that the contribution of the
Principal Intake Area to the basin recharge has been overestimated in
the past. In order to establish a realistic groundwater budget for the
basin, substantial contributions from deep water must be included.
These are primarily supplied by the Glorieta Sandstone and the Yeso

Formation.
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List of Erratas

In a previous report (Gross et al., 1976) two errors need to be
corrected.

(1) Figures 4a and 4b must be exchanged. The figure labeled 4a
(p. 33) shows tritium activity in the long-record wells (Elk, Pollard,
Woods, Allison, Clardy, Patterson). Figure 4b (p. 38) shows the PVACD
observation wells (numbered 1 to 9).

(2) On p. 23 it is stated that of 10 observation wells originally
drilled, six have been maintained with water level recorders. The num-
ber presently in operation is seven. (Well No. 7 collapsed in 1975 but
was restored by PVACD in 1977 or 1978). They are those shown in Appen-
dix B of that report (Nos. 1, 2, 3, 4, 7, 8, 9). Well No. 5 is equipped

with an electric pump and has been sampled.
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Updated Listing of Tritium Activity in Precipitationmn,

Springs, Surface Runoff, and Subsurface Waters

This listing supersedes and continues that given by Gross et al.
(1976) .

Units of Tritium Measurements

Tritium measurements are reported in Tritium Units (TU).

1 TU 1

il

1 tritium atom per 10 8 hydrogen atoms

7.2 x 1073

dpm/ml

5

3.24 x 107 ci/ml

Background Correction and Counting Statistics

A water sample is converted to hydrogen gas. Its net activity, in

tritium units, as determined in our internal gas counter, is

A, = (T/P)-(R,/V )-481.3
where
T = temperature in °K.
PS = hydrogen pressure in mm Hg.
RS = npet counting rate in counts per minute.
Ve = effective counting volume in liters (an instrumental
constant).
481,3 = counstant of proportionality.

This expression indicates that the counting rate is a function of
the hydrogen pressure.

The net counting rate

20
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the difference between the gross and background counting rates.

The background counting rate is determined periodically by counting
a sample of hydrogen gas prepared from "dead" water.

In the new listing presented in this report, the background

counting rate is adjusted to the sample pressure
4 =
R Rb (Ps/Pb)
This correction is especially significant for samples counting at less

than 10 TU.

The standard deviation of RS is (Williams and Florkowski, 1967):

6 = g 2 + obz = i/Rg/Tg + Rb/Tb

T, T = gross and background counting times in minutes.

Coordinate System

The coordinate system used for reporting the location of sampling
points is the standard Land Survey coordinate system illustrated in
Figure 2.

Most irrigation wells have this coordinate location affixed to the
water meter, in addition to the well permit number. This number (pre-

ceded 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 Figure 3. Each sampling
point is labeled with a letter symbol designating its category, and with

a number. The categories and symbols used in this report are as follows:

22
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Listing category Symbol

Precipitation None
Socorro (incl. Condensed Water)
Langmuir Lab
Elk {(Charles Mulcock)
Roswell Airport
Fort Stanton

Surface Water S
Springs F
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 both

The description of wells was taken from driller's logs made avail-
able by the New Mexico State Engineer Office in Roswell. Tor further
geological detail, the reader is referred to Gross et al., 1976,

Appendix A.
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