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RESULTS OF SIMULATIONS BY A PRELIMINARY NUMERICAL MODEL OF
LAND SUBSIDENCE IN THE EL PASO, TEXAS, AREA

by John Michael Kernodle

ABSTRACT

A computer program module to simulate interbed compaction and land
subsidence was added to an existing finite-difference ground-water-flow model
developed for the City of El1 Paso, Texas. The combined subsidence and flow
model was then calibrated to measured subsidence in the El Paso, Texas, area
for the period 1954-84. Care was taken not to alter the mass balance of the
existing calibrated ground-water-flow model.

The calibrated subsidence model used simulated coefficients of storage
and calculated rates of land subsidence per unit head decline that are
consistent with elastic deformation of the Hueco Bolson and shallow alluvial
aquifers. The specific storage of the aquifer was simulated to be
2.0 x 105 per foot and the volume of compressible material was assumed to be
20 percent of the aquifer. The simulated ratio of land subsidence to unit
change in head was 4.2 x 10-3 for the period 1992-2010.

The subsidence model was used to explore the possible effects on ground-
water levels and land subsidence for a proposed diversion of water from an
approximate 13-mile reach of the Rio Grande into a network of canals. The
purposes of the proposed diversion are to allow more efficient water delivery
to agricultural users, and to reduce losses to direct evaporation, riverbed
seepage (channel loss), and unauthorized diversions.

Estimates of future land subsidence were made using the projected ground-
water withdrawals of the model prepared for the City of El Paso for the period
1992 to 2010. The simulations of subsidence were performed for two scenarios:
with diversion and without diversion of flow from the Rio Grande along a
13-mile reach of channel. The resulting changes in riverbed seepage, water-
level altitude, and land subsidence were compared for the two scenarios. The
simulations indicated that the riverbed seepage would decline from its
predicted maximum of 35,200 acre-feet per year by 1992 to about 14,000 acre-
feet per year should the diversion take place as proposed. Water-level
declines that might occur as a result of the proposed diversion would increase
50 feet or less by 2010. Finally, land subsidence that without the proposed
diversion would be slightly more than 1 foot in some areas by 2010 would
increase by slightly less than 0.1 foot (generally, 0.06 foot or less) should
diversion of flow take place.



INTRODUCTION

A major portion of the metropolitan El Paso, Texas/Ciudad Juarez, Mexico,
area has been affected by as much as 0.41 foot of land subsidence between the
mid-1950's and the mid-1980's (Land and Armstrong, 1985). The subsidence is
regional in extent, as shown later in this report, but locally is
significantly differential, causing some minor damage to residential
structures (Land and Armstrong, 1985, p. 51).0LThe immediate cause of past and
current subsidence is continued declines in potentiometric heads in the Hueco
Bolson and shallow alluvial aquifers. These declines are caused by ground-
water withdrawals that exceed natural and induced ground-water recharge. The
declines in potentiometric head cause the structural matrix of compressible
interbed clays within the aquifers to loose hydrostatic support and collapse,
initially causing recoverable compaction but eventually causing irreversible
compaction.

The United States Section of the International Boundary and Water
Commission has a proposal before the United States Congress to divert surface
water owned by the United States from an approximate 13-mile reach of unlined
channel of the Rio Grande into a network of existing and proposed canals to
more efficiently deliver water to agricultural users, reduce losses to direct
evaporation and riverbed seepage (channel loss), and prevent unauthorized
diversions. Major concerns regarding the planned diversion are the direct and
indirect effects that it might have on the existing rate and eventual
magnitude of land subsidence.

Purpose and §gggg

This report describes a numerical evaluation of the potential for
additional subsidence in the El Paso, Texas, and Ciudad Juarez, Chihuahua,
Mexico area as a result of the proposed diversion of water from an approximate
13-mile reach of the Rio Grande into a series of canals on the United States
side of the Rio Grande channel. An existing finite-difference ground-water-
flow model coupled with an interbed-compaction, elastic- and inelastic-storage
computational package was used to simulate land subsidence that might result
from declines in ground-water potentiometric heads. Because of the urgent
need for this preliminary numerical evaluation, an existing calibrated ground-
water-flow model provided by the City of El Paso was used. The scope of this
report is limited to presenting the results of the land-subsidence
simulations.

Previous Investigatio

Two earlier reports--Land and Armstrong (1985) and Lee Wilson and
Associates (1985b)--were the primary references for subsidence and flow
modeling for this study. The report by Land and Armstrong (1985) provides a
quantitative description of the factors affecting land subsidence in the Hueco
Bolson (fig. 1) and also documents measured historical subsidence. The report
by Lee Wilson and Associates (1985b), prepared for the City of El Paso,
documents the calibrated transient ground-water-flow model that was used as
the basis for the additional subsidence recoE;tructions and projections that
were developed for this study. \
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RESULTS OF SIMULATIONS

Because of the relatively large dimensions of the finite-difference model
cells in the vicinity of the simulated Rio Grande (fig. 3), the simulated
subsidence was much more smoothly averaged and distributed than the reported
subsidence. The closest cell spacing, and hence the highest degree of
resolution of the model, is 1 mile. The cell spacing increases to as much as
3 miles in the area of simulated diversion of flow. The subsidence model
documented in this report is not capable of simulating localized differential
subsidence of the sort that might cause damage to roads or other structures,
as documented by Land and Armstrong (1985).

The benchmark flow model and the subsidence model showed a rate of
recharge of 33,000 acre-feet from the Rio Grande to the aquifer system during
1983, increasing to 35,200 acre-feet by 1992. These amounts compare favorably
with Land and Armstrong'’s (1985) estimate of 30,000 acre-feet for 1983.
Simulations indicate that the proposed diversion of flow from the reach of the
Rio Grande would reduce this recharge to about 14,000 acre-feet in 1992.

With the exception noted below, there was no indication that the storage
coefficient of compressible material had made the transition from elastic to
inelastic by 1984. The specific yield under water-table conditions so
dominates the total storage coefficient that perhaps the only way to detect
the transition is by monitoring for an increase in the rate of subsidence.

The average rate of subsidence per unit change in potentiometric head for
all of the uppermost active model cells where subsidence was simulated was
computed to be 4.2 x 10-3 for the additional subsidence (fig. 15) and drawdown
(fig. 18) that were simulated to result from the proposed diversion. This
value corresponds well with the elastic rate reported for south-central
Arizona in table 1. However, the maximum simulated rate was 2.0 x 10-2 and a
significant number of cells exceeded 1.0 x 10-2. These high rates may be due
to locally large thickness of compressible material.

The amounts of land subsidence that were simulated to be a result of the
diversion of flow from the Rio Grande generally were less that 0.06 foot by
2000 (fig. 12), and 0.1 foot by 2010 (fig. 15). These maxima are, however,
localized and more typical amounts of simulated subsidence are less than 0.04
and 0.06 foot for each respeciive time. The maximum total subsidence that is
projected to occur without diversion of flow from the Rio Grande is slightly
more than 0.8 foot for 2000 (fig. 11) and slightly more than 1.0 foot for 2010
(fig. 14). The simulated increase in drawdown that would be associated with
the proposed diversion of flow was 50 feet or less (fig. 18).

The margin of error of the coupled flow and subsidence model is
relatively minor through 1983 but is unknown for more recent time. The use of
a storage-coefficient value typical of elastic deformation and compression
appears to account for known subsidence through 1983, How the aquifer system
will respond if and when it reaches the conditions matching the
preconsolidation stress of the system remains unknown.
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FUTURE STUDY NEED

Land and Armstrong (1985, p.

investigation beyond the scope of their study:
localized differential subsidence and reactivation of faults;
program to document subsidence; and the develo

"determine the proportion of subsidence that
resources development or management action."
applicable.
monitor the rate of interbed compaction.

The subsidence model presented in this re
even though the flow model that was its numer
for a detailed analysis of the aquifer syst
Grande.
development along the east flank of the Frankl
Grande boundary with its expanded model ce
interest.
the area of the Rio Grande and the network of

Land and Armstrong (1985) suggested the
regularly reoccupied vertical-control stat
Systems (GPS) technology currently is a very p
method of obtaining very precise measureme
coordinates. The subsidence model documented
lack of recent information regarding land su
be solved, in part, by releveling of the refer
in Land and Armstrong (1985) and expanding the

Finally, the construction of one or more
analytical determination of the amount o
coefficient of elastic storage of the compress

The focus of the flow model wa

S

51) recommended three courses of

a numerical model to address
a monitoring
pment of an engineering tool to
can be attributed to a water-
These recommendations are still

In addition, one or more extensometers might be constructed to

port appeared to perform well
ical foundation was not designed
em in the vicinity of the Rio
s on withdrawals and aquifer
in Mountains; the simulated Rio
11 dimensions was of secondary

A model designed to simulate subsidence would place great detail in

canals and drains.

establishment of a network of
ions. The Global Positioning
ractical, fast, and economical
mts of geographic and vertical
in this report is limited by the
bsidence. This deficiency could
ence points and benchmarks cited
network of reference points.

extensometers would allow the
f interbed compaction and the
ible materials in the aquifer.

The extensometers could also be used to monitor for the onset of inelastic

compression in the aquifer system and eventual

SUMMARY

An existing finite-difference ground-wate
City of El Paso was used as the basis for
compaction and land subsidence.
potentiometric-head calibration of the exis
simulated subsidence to the recorded subsidenc
to 1984. The model successfully replicated
period of calibration. The model’s simulated

Care was taken

ly to calculate its magnitude.

r-flow model prepared for the
a numerical model of interbed
to avoid altering the flow and
ting model while calibrating the
e for the period from about 1954
the reported subsidence for the
elastic storage coefficient of

2.0 x 10-5 per foot was within the range normally associated with elastic
deformation, as was the 4.2 x 10-3 simulated rate of subsidence per unit

change in potentiometric head derived from som
to 2010.

32

¢ of the comparative simulations
x

I
r
|



The subsidence model was used to test the potential effects of diverting
the flow of the Rio Grande from a 13-mile segment of its unlined channel into
a series of canals and waterways. The diversion is intended to minimize
seepage loss, evaporation, and unauthorized diversions. Simulations indicated
that the maximum seepage rate of 35,200 acre-feet per year just prior to 1992
would be reduced to about 14,000 acre-feet in 1992 as a result of the proposed
diversion.

Assuming no significant change in the sources of municipal water and the
distribution of water-supply wells, and using the projected increase in
withdrawal inherent in the model prepared for the City of E1 Paso, the
increase in drawdown in the aquifer as a result of the decreased amount of
seepage to the aquifer would be a maximum of about 50 feet. Assuming that the
preconsolidation stress is not exceeded, maximum land subsidence, which would
be slightly more than 1 foot without the proposed diversion of flow, would be
increased by slightly less than 0.1 foot in a localized area (and generally by
about 0.06 foot or less) should the diversion occur.
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