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Mathematical Model of the
Tesuque Aquifer System
Near Pojoaque, New Mexico

By Glenn A. Hearne
Abstract

A three-dimensional digital model of ground-water
flow was constructed to represent the dipping anisotropic
beds of the Tesuque aquifer system underlying the Pojoa-
que River basin and vicinity, New Mexico. Simulations of
steady-state conditions and historical ground-water with-
drawals were consistent with observed data. The model
was used to simulate the response of the aquifer system
to an irrigation-development plan in the Pojoaque River
basin. Storage is the main source of water; 34.05 cubic
feet per second (86 percent of the withdrawal rate) was
simulated to be withdrawn from storage after 50 years of
withdrawais for irrigation development. The maximum
simulated water-level decline was 334 feet, and the net
simulated streamflow capture from the Rio Grande and
the Santa Cruz, Pojoaque, and Santa Fe Rivers was 5.63
cubic feet per second (14 percent of the withdrawal rate).
The sensitivity of the model was tested by varying aquifer
characteristics to the limits of the plausible range. Change
in hydraulic head in the Pojoaque River basin is most sen-
sitive to hydraulic conductivity. In all simulations, after 50
years of withdrawals, the maximum simulated decline in
hydraulic head ranged between 210 and 474 feet, storage
in the aquifer system was the source of 80 to 90 percent
of the water withdrawn from wells, and streamflow cap-
ture from the Rio Grande and its tributaries plus irrigation
diversions from the tributaries of the Pojoaque River simu-
lated a decrease in the flow of the Rio Grande of between
17.13 and 21.11 cubic feet per second.

INTRODUCTION

The U.S. Bureau of Indian Affairs has prepared a
plan for an irrigation development within the Pojoaque
River basin (fig. 1). The U.S. Geological Survey was re-
quested to evaluate the effect of ground-water withdrawals
on ground-water levels and streamflow.

The aquifer system from which water is to be with-
drawn consists of interbedded layers of varied permeability,

which dip from the horizontal. Flow through the aquifer
system is such that the hydraulic heads are higher in the
deeper units. The aquifer system exchanges water with
streams whose average flows range from much less (0.54
cubic foot per second) to much more (1,300 cubic feet per
second) than the projected withdrawals of about 40 cubic
feet per second.

The effects of the proposed ground-water withdraw-
als were evaluated using a three-dimensional digital model
of ground-water flow. The model met the following design
criteria:

1. It must be in three dimensions to represent the in-
creasing hydraulic head with depth.

2. To simplify mathematical description, its axes must
be alined with the dip of the beds.

3. To represent the volume of interest in layers inclined
to the horizontal, it must be able to simulate several
layers economically.

4. In each layer both confined (artesian) and unconfined
(water-table) conditions must be represented.

5. The madel must be able to represent streams in which
flow is small relative to applied stress.

The model was constructed using the computer pro-
gram documented by Posson and others (1980). The total
simulation period was divided into three stages: the first
simulated a steady-state condition, the second simulated the
response to historical withdrawals, and the third simulated
the response to projected future withdrawals.

Most of the data contained in this report have been
collected by others and reported elsewhere. Data contained
herein that are not available in previously published re-
ports are the data collected since 1975 at sites at the Pueblo
Grants of San Ildefonso, Pojoaque, Nambe, and Tesuque.
At each of these Pueblo Grants, a site was selected for
evaluating the characteristics of the aquifer. Several wells
were completed at each site. The wells were logged and
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their water samples analyzed by the U.S. Geological Sur-
vey. The aquifer test at the Tesuque Pueblo Grant was
conducted by the U.S. Geological Survey and was analyzed
and reported by Heame (1980). Core samples of the Tesu-
que Formation were collected at the Tesuque Pueblo Grant
and analyzed by the U.S. Geological Survey. Tests at the
San Ndefonso, Pojoaque, and Nambe Pueblo Grants were
conducted by W. S. Gookin and Associates of Phoenix,
Ariz. The tests then were analyzed (Gookin and Assoc.,
1980, report in preparation for the U.S. Office of Water
Research and Technology) and by Peter Balleau (U.S. Bu-
reau of Indian Affairs, written commun., 1978).

The study of the irrigation development and its im-
pact on the natural environment was guided by a technical
committee composed of representatives of the U.S. Bureau
of Indian Affairs, the U.S. Geological Survey, the U.S.
Department of Justice, the Solicitor’s Office of the U.S.
Department of the Interior, the Northem Pueblo Tributary
Water Rights Association, attorneys representing the asso-
ciation, consultants retained by the U.S. Bureau of Indian
Affairs, and consultants retained by the association. The
author is grateful to this group for providing guidelines
for the direction of the study and a forum for discussing
progress as the study evolved.

In addition, the author gratefully acknowledges the
assistance of several individuals. George Pinder (School
of Engineering/Applied Science, Princeton University), Ed-
win P. Weeks (U.S. Geological Survey), and Peter Balleau
(U.S. Bureau of Indian Affairs) provided vatuable techni-
cal advice. W. S. Gookin and Associates provided data
from tests of aquifer characteristics. The author also thanks
the Public Service Company of New Mexico for provid-
ing pumpage data and depth-to-water measurements for the
Buckman well field.

MODEL DESCRIPTION

A model is a description or analogy that can be useful
in visualizing something that cannot be directly observed.
The system described by the model is called the prototype.
A digital ground-water model is a mathematical description
of a geohydrologic system. Although a digital model can
assist in analyzing a system and can make predictions for
use in management decisions, the user must realize that
the model is only an approximate representation of the pro-
totype system. The validity of the predictions made by
the model depend on the closeness of this approximation.
The state of the art of digital modeling does not permit a
statement on the confidence limits bounding the projections
made by the model. This still needs to be done subjec-
tively. The model results are valid to the extent that the
digital model resembles the Tesuque aquifer system in the
Espanola Basin, the aquifer characteristics have the proper-
ties assumed, and the proposed stresses are of the same type

and magnitude as the historical stresses. The confidence
in the predicted response to these simulated withdrawals
needs to be based on the subjective appraisal of the anal-
ogy between the Tesuque aquifer system and the model.
Although the historical withdrawals used in this report are
from outside the Pojoague River basin, the mode! should
not be used to simulate the response to stress outside of
that basin, as the simulated response to such a stress would
probably resemble the actual response only in very general
terms.

The description of the prototype is simple enough to
allow a mathematical simulation. The mathematical de-
scription, or digital model, is used to simulate both the
steady-state condition and the responses to historical and
projected future withdrawals. The steady-state simulation
is compared with historical data to improve the understand-
ing of the geohydrologic system and to motivate changes
in the assumptions incorporated into the mathematical de-
scription. The comparison of the simulated response to
historical withdrawals with the actual response provides a
subjective measure of the model’s ability to simulate the
response of the geohydrologic system. The terms “cali-
bration” and “verification” have been avoided because of
their misleading connotations of control, accuracy, and cer-
tainty.

This section of the report describes the analogy be-
tween the prototype and the model. The description is
divided into three subsections: structure, aquifer character-
istics, and boundaries. In each instance a description of
the prototype is followed by a description of the analogy
used in the digital model.

Structure of the Prototype

The hydraulic unit of interest is the Tesuque aqui-
fer system, which would be the source for ground water
in the imrigation development plan presented by the U.S.
Bureau of Indian Affairs. The Tesugue Formation (Santa
Fe Group), of Miocene age, underlies the central part of
Espanola Basin (Keliey, 1978), including most of the Po-
joaque River basin (fig. 1). The Espanola Basin is one of
several interconnected basins that form the Rio Grande de-
pression. The eastern boundary of the basin is the Sangre
de Cristo uplift. The western boundary is a complicated
fault system, much of which has been covered by volcanic
rocks of the Jemez Mountains. The basin is separated from
the San Luis Basin to the north and from Albuquerque Basin
1o the south by constrictions in the bedrock.

Within these boundaries the Espanola Basin is a
broad depression whose axis may coincide roughly with
the Rio Grande (Kelley, 1978). The principal aquifer un-
derlying the Pojoaque River basin and vicinity is the Tesu-
que Formation, which is composed of interbedded layers of
gravel, sand, silt, and clay with some intercalated volcanic
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ash beds. The degree of both sorting and cementation is
variable. but the beds are typically poorly sorted and pooriy
cemented. Two important features of the Tesuque Forma-
tion are the dip of the beds and the lack of continuity of
the individual beds.

West of the Rio Grande, the Tesuque Formation in-
tertongues with other formations including the Puye For-
mation (Santa Fe Group) and the Tschicoma Formation,
both of Pliocene age (Purtymun and Johansen, 1974). In
this report these formations are included with the Tesuque
Formation in the Tesuque aquifer system. Although these
other formations may be quite important locally. their po-
tential for affecting the gechydrology beneath the Pojoaque
River basin is slight.

The beds of the Tesuque Formation in the eastern
part of the Espanola Basin dip predominantly to the west
and northwest. Dips for individual fault blocks vary and
may be as much as 30° focally. However, the average dip
of the beds is estimated to be between 5° and 10° (Kel-
ley, 1952, p. 111), and toward the west or northwest. The
strike and dip of the Tesuque Formation have been esti-
mated from the geophysical logs made in wells constructed
primarily for testing the aquifer characteristics. The dips
at two of the four sites are in the range estimated by Kel-
ley (1952). A group of wells was constructed on each of
the San Illdefonso, Pojoaque, Nambe, and Tesuque Pueblo
Grants {fig. 1). At the San lldefonso site, the beds iden-
tified in the geophysical logs dip about 4° with a strike of
N. 11° E. At the Pojoaque site, the beds dip about 1.5°
and strike N. 0° E. At the Nambe site, the beds dip about
6.5° and strike N. 19° E. At the Tesuque site, the beds dip
about 7° to the northwest and strike N. 35° E. Northwest
of the Rio Grande the dips are less and the predominant
direction is uncertain.

Except for the ash beds, the Tesuque Formation was
deposited as coalescing alluvial fans. As a result, individ-
ual clastic beds are probably not continuous over the basin.
Miller and others (1963, p. 50) report that “***few beds
can be traced more than a mile or two.” The predomi-
nantly north-trending faults further disrupt the continuity
of individua! beds of the Tesuque Formation (fig. 2). Most
of the faults are less than 2 miles long (Manley, 1978,
p- 12), have displacement of less than 300 feet (Galusha
and Blick, 1971, p. 101), and are downthrown on the east
(Galusha and Blick, 1971, p. t01). At each of the four
sites where wells were constructed to test the aquifer char-
acteristics (fig. 1), a sequence of interbedded gravel, sand,
silt, and clay was penetrated. The composition of the beds
shown by Heame (1980, figs. 4 and 5) for the test site on
the Tesuque Pueblo Grant is typical. Attempts to correlate
individual beds from one site to another using geophysical

" logs were unsuccessful.

This complex group of faulted, dipping beds with
variable cementation and sorting constitutes the Tesuque

4 Mathematical Model of the Tesugue Aquifer System, N. Mex.

aquifer system. The ability of any one bed within this
system to transmit water is likely to vary greatly within
a relatively short distance. This variation may be due to
bed thinning or thickening, variation in degree of cementa-
tion, variation in degree of sorting, or the bed’s terminating
against a bed of different permeability because of faulting.

Because of the interbedding of beds of different per-
meabilities, water flows parallel to the beds much more
readily than perpendicular to the beds. Because these beds
are not horizontal but dip 5°~10° to the west or northwest,
the Tesuque aquifer system is anisotropic, with the princi-
pal axes of hydraulic conductivity skewed from the hori-
zontal. The direction of greatest hydraulic conductivity is
along the bedding plane, and the direction of least hydran-
lic conductivity is normal to the bedding plane. The Te-
suque aquifer system appears consistent in that individual
beds throughout are dipping, heterogeneous, anisotropic,
of limited areal extent, and disrupted by faulting.

The thickness of the Tesuque Formation is unknown
but has been estimated to exceed 3,700 feet in some places
(Galusha and Blick, 1971, p. 44). Kelley {1978) estimated
that the thickness of the Tesuque Formation may exceed
9,000 feet near the Rio Grande. Manley (1978) estimated
the dip of the Precambrian crystalline- rock surface to be
approximately 4°, which would indicate a depth of about
4,000 feet for the Tesuque Formation beneath Espanola.

The nature of the rocks underlying the Tesuque For-
mation is also unknown. Throughout meost of the basin
the Tesuque probably overties Precambrian crystalline rock
(fig. 2). In the southwestern part of the basin, rocks of
Paleozoic, Mesozoic, and early Tertiary age overlie the
Precambrian crystalline rock and underlie the Tesuque For-
mation. These units wedge out to the northeast, but their
extent is unknown.

A complex pattern of streams and arroyos cuts the
present surface of the Tesuque Formation to drain surface
runoff to the Rio Grande. The altuvium associated with
the Rio Grande and its tributaries has a larger average grain
size and is better sorted than that of the Tesuque Formation.
The alluvium ranges from about 2 miles wide along parts
of the Rio Grande to less than a few hundred feet wide in
the tributaries. The thickness of the alluvium varies but is
probably less than 100 feet along most of the tributaries.
Galusha and Blick (1971, p. 98) report a depth of the al-
luvium of at least 55 feet along the Rio Grande.

Structure Represented in the Model

To model the Tesuque aquifer system with all of the
complexities indicated in the above section on prototype
structure is beyond the present capabilities of modeling
techniques. It is impractical to attempt to model each bed
of the Tesuque aquifer system as a separate unit. This
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would require data on the hydrologic characteristics, the
areal extent, and hydraulic connection through semiconfin-
ing beds to beds both above and below as well as connec-
tion along any fault to other permeable beds. The model
presented in this report relies on the consistent heterogene-
ity of the Tesuque aquifer system. As a unit, the salient
structural features are the areal boundaries, the thickness,
and the strike and dip of the beds. This section will dis-
cuss the assumptions made regarding these features in the
digital model.

Flow of water in the Tesuque aquifer system is three-
dimensional. That is, flow vectors can be resolved into
three components: one parallel to each of three orthogonal
axes. Conventionally, these axes are oriented so that the x-
and y-axes are horizontal and the z-axis is vertical. For the
Tesuque aquifer system it is convenient to orient the x- and
y-axes along the plane of the beds and the z-axis orthogonal
to the beds. With this orientation of axes, the equation for
three-dimensional flow of ground water in a porous medium
can be written similarly to Trescott’s (1975) as

3 ah d oh 3 dh 2h
2k Ll Lk, dy = 5,= + Wy i
ax(K'ax) ay(K'ayJ+ az(K'az) * ot )
where
K:, K,.

and K, = the hydraulic conductivities in the x, y, and z
directions (L/T);

h = the hydraulic head (L);

the specific storage (L™1);

S =

W = the volume of water released from or taken into
storage per unit volume of the porous medium per
unit time, and represents a source-sink term (T4,
and

t = time (7).

To simulate a three-dimensional flow system, the de-
scription of the aquifer system provided by the conceptual
model is divided into a large number of brick-shaped cells.
The continuous physical properties of the porous medium
(that is, the ability to store and transmit water) are assumed
to be uniform within each cell and are represented as dis-
crete functions of space. Heterogeneity is possible because
the physical properties may be varied from cell to cell. The
hydraulic head associated with each cell is that at the center
of the cell. In each cell a finite-difference approximation
for the derivatives in the three-dimensional flow equation
yields an algebraic equation in seven unknowns (hydraulic
head in the cell and hydraulic head in each of six adjacent
cells). For a model with N cells, a set of N simultaneous
equations in N unknowns is generated. The simulation pro-
gram solves this set of simultaneous equations subject to
prescribed initial and boundary conditions. Trescott (1975)
and Trescott and Larson (1976) provide details of the solu-
tion algorithm, The computer program used for this study
(Posson and others, 1980) evolved from that of Trescott.

The model describes the Tesuque aquifer system as
a network of contiguous but discrete celis alined with the
bedding planes in the Tesugue Formation. The bedding
planes were assumed to strike N. 25° E., and dip to the
northwest at about 8° on the cast side of the Rio Grande

Model Description 5
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and about 4° on the west side. The mode! grid was oriented
with principal axes dipping to the northwest at 8° east of the
Rio Grande and at 4° west of the Rio Grande (fig. 3) with
a strike of N. 25° E. (fig. 4). Within the volume of interest
the cells are 1 mile wide in each horizontal direction and
650 feet thick.

Outside the area of interest, the horizontal dimen-
sions were increased to as much as 4.5 miles and the thick-
ness was increased to as much as 1,950 feet, to decrease
the number of variables to be stored and the number of
equations to be solved by the computer.

The dimensions of 1 mile by 650 feet within the
volume of interest were found to be convenient because
with an average horizontal hydraulic gradient of about 100
feet per mile the saturated thickness of the unconfined cells
is about the same throughout the volume of interest. For
example, layer 14 represents the water table in column 11
of the digital model. The bottom altitude for layer 14 in
column 11 is 5,500 feet. With the water level at about
5,800 feet, the saturated thickness of the water-table layer
is about 300 feet. Layer 13, which is 650 feet thick, has a
bottom altitude of 4,850 feet (5,500 minus 650) in column
11. With a dip of about 8°, the bottom altitude changes
about 750 feet per mile along the dip. Therefore, at column
12 {one mile up-dip from column 11) the bottorn altitude
of layer 13 is about 5,600 feet (4,850 plus 750). With the
water level at about 5,900 feet, the saturated thickness of
the water table is about 300 feet. As a result of the increase
in cell size, the saturated thickness of the water-table layer
is more variable outside the area of interest.
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The area included in the model is shown in figure4.
The irregular boundary to the east of the modeled arca ap-
proximates the contact between the Tesuque Formation
and the crystalline rocks of the Sangre deCristo Moun-
tains. The boundary to the west of the modeled area ap-
proximates a fault zone beneath the Jemez Mountains (fig.
1). The southem boundary of the modeled area extends to
include the confluence of the Rio Grande and the Santa Fe
River. The northern boundary of the modeled area is lo-
cated a few miles north of the Santa Cruz River. The
north and south boundaries do not approximate geologic
boundaries but are sufficiently distant from the Pojoaque
River basin that the boundary effects are negligible,

The assumed thicknesses of the Tesugque Formation
in the Pojoaque River basin used in the model (fig. 4)
range from a few hundred feet along the mountain front
to about 4,000 feet along the Rio Grande. These values
are consistent with those estimated by many of the re-
searchers (Galusha and Blick, 1971; Manley, 1978,
Denny, 1940; and Spiegel and Baldwin, 1963). Because
the depth of the Tesugue Formation is not known and be-
cause other researchers have postulated depths as much as
9,000 feet (Kelley, 1978), the sensitivity of the model to
this aquifer characteristic was tested.

Aquifer Characteristics in the Prototype

The ability of the aquifer to transmit and store water
is described by aquifer characteristics. This section dis-
cusses the ability of the Tesuque aquifer system to transmit
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water both parallel and normal to the beds and to store
water under both confined and unconfined conditions.

Hydraulic Conductivity

The ability of an aquifer to transmit water can be
described by its hydraulic conductivity or by its transmis-
sivity. Hydraulic conductivity is the volume of water that
will flow in unit time through a unit area under a unit hy-
draulic gradient. Transmissivity is the product of the hy-
draulic conductivity and the saturated thickness. For an
ideal aquifer, transmissivity may be determined by aquifer
tests conducted using wells that are open to the total thick-
ness of the aquifer. No wells are open to the full thickness
of the Tesuque Formation; hence, no measurements of the
total transmissivity of the aquifer are available. However,
estimates of transmissivity can be obtained by aquifer tests
using wells that partially penetrate the aquifer. Under these
conditions, short-term aquifer tests provide an estimate of
the transmissivity of the beds of the aquifer system to which
the well is open. Several aquifer tests have been conducted
using the Los Alamos municipal supply wells that partially
penetrate the Tesuque aquifer system a short distance west
of the Pojoaque River basin.

From an aquifer test on an 870-foot-deep well in Los
Alamos Canyon, the transmissivity of the upper 1.000 feet
of the Tesuque aquifer system was estimated (Theis and
Conover, 1962, p. 16-19) at about 335 feet squared per
day. A very short test conducted using a nearby 1,750-foot-
deep well indicated a transmissivity of 870 feet squared per
day. Because the deeper well did not affect the shallower
wells in the field, Theis and Conover (1962, p. 19) suggest
that the transmissivity calculated with this well applies to
the 1,000-2,000-foot interval. Combining these estimates,
they estimated the transmissivity for the upper 2,000 feet
of the Tesuque at about 1,200 feet squared per day, or an
average hydraulic conductivity of about 0.6 foot per day.

Cushman (1965, p. 39-41) conducted aquifer tests
using four wells in Los Alamos Canyon penetrating about
2,000 feet of the Tesuque Formation. He obtained trans-
missivity values of 1,700 to 2,400 feet squared per day
from these tests. Cushman’s average transmissivity value
of 2,100 feet squared per day is equivalent to a hydraulic
conductivity of about 1 foot per day.

Griggs (1964, p. 96-99) conducted aquifer tests us-
ing five production wells in Guaje Canyon, about 2 miles
northwest of the Los Alamos Canyon well field. These
wells were all nearly 2,000 feet deep. Transmissivities de-
termined by short-term tests on each of the five wells ranged
from 1,000 to 2,100 feet squared per day, but a value of
1,300 to 1,600 feet squared per day was considered rep-
resentative of the aquifer based on these tests. Later, the
same investigator conducted a 13-day test by pumping two
wells and observing drawdowns in them and in nearby idle

Mathematical Model of the Tesuque Aquifer System, N. Mex.

production wells. He determined an average transmissivity
of about 2,000 feet squared per day based on this test. The
results of the tests by Griggs indicate a transmissivity of
about 1,300 to 2,000 feet squared per day for about 2,000
feet of the Tesuque Formation, or equivalently an average
hydraulic conductivity of about 0.6 to 1.0 foot per day.

Transmissivity also may be estimated from specific-
capacity data. The specific capacity of a well is the ratio
of the rate at which water is withdrawn to the drawdown
of water level in the well. Koopman (1975, p. 23-24)
estimated the transmissivity of the Tesuque aquifer system
based on specific-capacity data from the Los Alamos mu-
nicipal supply wells. The resultant transmissivity of 670
feet squared per day for a saturated thickness of 1,000 feet
is equivalent to a hydraulic conductivity of about 0.67 foot
per day, which is about the same as the estimates made
from aquifer tests.

During 1975 an aquifer test was conducted using a
well penetrating 500 feet of saturated Tesuque Formation
underlying the Tesuque Pueblo Grant. Simulation of this’
aquifer test with a digital model (Hearne, 1980) provided
an estimate of about 2 feet per day for the average hydraulic
conductivity parallel to the beds.

During 1977 aquifer tests were conducted using wells
penetrating from 200 to 1,000 feet of saturated Tesuque
Formation. Three such tests were conducted: one each on
the Pueblo Grants of San Iidefonso, Pojoaque, and Nambe
(fig. 1). Analyses of these data along with data from the
Tesuque test (Peter Balleau, U.S. Bureau of Indian Affairs,
written commun., April 26, 1978) produced estimates of
average hydraulic conductivity ranging from 0.3 to 2.8 feet
per day.

According to all of the above data, the average hy-
draulic conductivity of several units that are likely to be
penetrated at any particular site appears to range from about
0.5 to about 2 feet per day.

Anisotropy

A convenient way to express the anisotropy of a sys-
tem is with the ratio of (1) the hydraulic conductivity nor-
mal to the bedding to (2) the hydraulic conductivity parallel
to the bedding. In analyzing the aquifer test on the Tesu-
que Pueblo Grant, the anisotropy ratio was estimated to
be about 0.004 in the vicinity of the Tesuque site. The
equation used for this estimate (Hearne, 1980, p. 16) is

K, sinA(cosA% + sinA%‘z‘)

= 2
K, cosA(sinA‘gf‘1 —cosAZy @

where
K, = the hydraulic conductivity normal to the bedding

{Lm;




K, = the hydraulic conductivity parailel to the bedding
(L,

A = the angle of the dip of the bedding (negative for
down-dip flow, positive for up-dip flow) (dimen-

sionless);

% = the horizontal hydraulic gradient in the direction of
the dip (dimensionless); and

oh __

g1 = the vertical hydraulic gradient (dimensionless).

The equation is invalid either if the basic assump-
tions are not true or if the data are inconsistent because of
measurement errors. The equation assumes horizontal flow
in the vertical plane containing the dip. This assumption
is inadequate if there is a significant component of vertical
flow or flow along the strike. The equation is sensitive to
the ratio of vertical to horizontal gradients; that is, a small
error in gradient may produce a large error in the estimated
anisotropy ratio.

The dip of the beds and the horizontal gradients were
determined at the test sites on the Pueblo Grants of San
Iidefonso, Pojoaque, and Nambe. At the San Ildefonso
and Nambe sites, the data were not adequate to estimate
the anisotropy ratio.

At the Pojoaque site, the beds dip about 1.5° west.
Because the flow is down-dip, angle A in eq. 2 is nega-
tive. Trauger (1967, fig. 1) shows a horizontal gradient of
about 0.013. The ventical gradient between piezometers at
the test site is about 0.12. The estimated ratio of hydraulic
conductivities is about 0.002.

Based on data from the Pojoaque and Tesuque sites,
the anisotropy of the Tesuque aquifer system as expressed
by the ratio of hydraulic conductivities is estimated to be
about 0.003. That half of the data (two sites) fell outside
the constraint of the method reduces the confidence in the
estimated value, and so anisotropy ratios beyond the range
of 0.002 to 0.004 are not unlikely.

Specific Storage

Water is stored in the Tesugque aquifer system in both
confined and unconfined conditions. Therefore, it was nec-
essary to estimate both the specific storage and the specific
yield. Under confined conditions, a decrease in hydraulic
head is associated with expansion of the water and com-
pression of the porous medium. Similarly, an increase in
hydraulic head is associated with compression of the water
and expansion of the porous medium. The specific storage
is the volume of water released from or taken into storage
per unit volume of the porous medium in response (0 a unit
change in hydraulic head.

The compaction of the porous medium associated
with declines in hydraulic head is a combination of elastic

and inelastic (plastic) deformation. Elastic deformation is
fully reversible if the hydraulic head returns to the initial
condition. Plastic deformation is imeversible. Available
data are adequate only to estimate the specific storage due
to elastic compaction. Compaction of sandy beds is typ-
ically elastic. Clay or silty beds typically contain more
water per unit volume, release water more slowly, and
undergo morce plastic deformation than sandy beds. The
amount of plastic deformation to be expected from a clay
or silty bed depends on the geologic history of the bed.
Because of the permanence of the deformation, a bed will
have very little plastic deformation until the stress exceeds
the maximum stress to which the bed has been subjected.
Because of this threshold effect and the slow release of
water, the development of a ground-water reservoir (which
generally produces a large change in hydraulic head after
a long time) may produce plastic deformation that was not
determined during aquifer tests (which generally produce a
small change in hydraulic head after a short time).

Because of the general well construction practice of
casing off the upper hundred feet or so of the aquifer, the
response to pumping wells in the Tesuque Formation can
be used to evaluate the specific storage due to elastic com-
paction of the sandy beds. The aquifer tests conducted
by Theis and Conover (1962, p. 16-19) indicate a stor-
age coefficient of about 0.0033. Assuming that the storage
coefficient of the aquifer penctrated by this 870-foot-deep
well is representative of the upper 1,000 feet of the aqui-
fer would indicate a specific storage of about 3 X 1076 per
foot.

The 13-day aquifer test conducted by Griggs (1964,
p. 99) indicates storage coefficients of 0.0002 and 0.0004.
Assuming that the storage coefficients are representative
of the upper 2,000 feet of the aquifer would indicate
specific storage values of about X 1077 per foot to
2% 10~7 per foot. Assuming that the storage coefficients
are representative of the perforated or screened sections of
about 400 feet would indicate specific storage values of
about 5 x 107 per foot to 1 X 16~ ¢ per foot.

The aquifer test at the Tesuque Pueblo Grant (Hearne,
1980) indicates a specific storage of about 2 X 1075 per
foot. The aquifer tests at the Pueblo Grants of San Ilde-
fonso, Pojoaque, Nambe, and Tesuque indicate specific
storage ranging from 1.5 x 1077 per foot to 8.4 X 107 per
foot (Peter Ballean, U.S. Bureau of Indian Affairs, written
commun., April 26, 1978).

The specific storage associated with the development
of the Tesuque aquifer system must include the compaction
of the clay or silty beds in addition to that of the sandy
beds. Therefore, the values in the range of 1077 per foot
are disregarded. The average specific storage is probably
between 1076 per foot and 1073 per foot and is assumed
to be about 2 X 107 per foot.
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Specific Yield

For unconfined conditions, the change in the vol-
ume of water in storage per unit area as the resuit of a
unit change in hydraulic head is produced primarily by the
draining or filling of pore space. This change is depen-
dent upon pore size, rate of change of the water surface,
and time. Only an approximate measure of the relation-
ship between hydraulic head and storage is obtainable for
unconfined conditions. This measure is the specific yield.
No aquifer tests of the Tesuque aquifer system have been
conducted long enough to determine the specific yield. An
estimate of the specific yield may be obtained from a knowl-
edge of the materials comprising the formation. The ma-
terials are poorly sorted and generally contain considerable
clay and silt. For these materials the fine-grain fraction will
tend to determine the storage coefficient. Johnson (1967,
p. D-1) has compiled storage coefficient values determined
by various investigators and lists 12 values of storage co-
efficients for sandy clay and 16 for silt. The values range
from 0.03 to 0.19. Johnson lists 17 values ranging from
0.10 to 0.28 for the specific yields of fine sands and 17
values for medium sand ranging from 0.15 to 0.32. An
interbedded group of sands, silts, and clays, the Tesuque
aquifer system is expected to have an average specific yield
of about 0.10 t0 0.20.

Driven samples were collected in 1976 from two
augered holes on the Tesuque Pueblo Grant and analyzed
by the hydrologic laboratory of the U.S. Geological Sur-
vey. The holes are located in the NEJSWINE! sec. 14,
T. 18 N, R. 9 E. between U.S. Highway 285 and the
site of the aquifer test on the Tesuque Pueblo Grant. In
one hole, 8 samples were collected from between 5 and 60
feet below land surface. In the other hole, 9 samples were
collected from between 11 and 81 feet below land surface.
The samples taken were capped and wrapped in plastic to
reduce moisture loss.

The hydrologic laboratory analyzed the 17 samples
for moisture content and total porosity. If the same beds
were sampled in saturated and unsaturated conditions, the
difference in moisture content would indicate the specific
yield, that is, the percentage of the total volume that is
water which the unit, after being sawrated, will yield by
gravity. Because of the heterogeneity of the Tesuque aqui-
fer system, the samples from above and below the water
table are from different units. However, the average spe-
cific yield may be estimated to be the difference between
the mean moisture contents above and below the water ta-
ble. The moisture content of the 6 samples collected above
the water table ranged from 2.4 to 14.4 percent by volume,
with a median of 12.3 percent and a mean of 10.3 percent.
Total porosity ranged from 31.3 to 44.5 percent, with a
median of 41.3 percent and a mean of 39.9 percent. The
moisture content of the 11 samples collected below the wa-

_ter table ranged from 21.5 to 35.6 percent. with a median
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of 24.5 percent and a mean of 25.7 percent. Total porosity
ranged from 27.3 to0 36.1 percent, with a median of 29.0
percent and a mean of 29.8 percent. The specific yield es-
timated from these data is 15.4 percent (25.7 minus 10.3).

Two of the samples were selected for a laboratory
determination of specific yield using the mercury-injection
method. One sample was from 40 feet below land surface
and was about 61 percent silt and clay. The specific yield
of this sample was about 4 percent. The other sample
was from 71 feet below land surface and was about 94
percent sand. The specific yield of this sample was about
18 percent.

Based on the above data, the average specific yield
of the Tesuque aquifer system is probably between 0.10
and 0.20 and is assumed to be about 0.15.

Aquifer Characteristics Represented in the Model

Aquifer characteristics must be estimated for each of
the discrete cells in the model. The characteristics to be es-
timated are the hydraulic conductivity, the anisotropy, the
specific storage, and the specific yield. The data available
for estimating these characteristics indicate that the charac-
teristics vary spatially within the aquifer system. However,
the data are not adequate to describe this variation as a gen-
eral pattern. At most places in the Pojoaque River basin,
a well several hundred feet deep will intersect at least one
sandy unit that transmits water readily. This sandy unit
will be overlain and underlain by units less able to transmit
water that serve to isolate this unit from other sandy units.
However, it is doubtful if either the transmissive units or
the confining units are very extensive. Within a few hun-
dred feet, the unit may thin to extinction, be terminated
by a fault that positions it adjacent to a unit of different
character, or change in character from a sandy unit to a
silty unit that does not transmit water as readily.

The approach adopted for this report was to estimate,
from the available data, the most likely average value for
each aquifer characteristic throughout the entire basin. The
uncertainty in these estimates is indicated by a range of val-
ues called the plausible range. The model was constructed
using the values estimated here as most likely values. If the
simulation of steady-state conditions were contradicted by
available data, the aquifer characteristics could be varied
within the plausible range in an effort to resolve the con-
tradiction. Although this was not nccéssary, the sensitivity
of the model to each of the characteristics was tested for
the plausible range of values. The results of the sensitivity
tests appear in the section on “Model Sensitivity.” The
most likely average values for the various aquifer charac-
teristics are given in table I.




Table 1. Most likely value and plausible range of
aquifer characteristics

Lower limit Most likely Upper hmit
Aquifer of plausible average of plausible
characteristic range value mnge
Hydraulic conductivity paraliel 1o
the beds {fectper day) .. ... 0.8 1o 2.0

AnisOropy €alio .. ........oL.. 0.001 0.003 0.01

Specific stomge (per foot) ... _. 1 x10-¢ 2x 1078 1%10”8

Specific yield _.__.. ... 0.10 0.18 0.20

Boundaries in the Prototype

Boundaries define the limits of the system being mod-
eled and specify the relationship with other systems. Ex-
changes of water may occur between the ground-water sys-
tem and adjacent ground-water systems or surface-water
systems. The major flows imposed on the Tesuque aqui-
fer system are thosc in which water is exchanged with
a surfacc-water system. These include not only recharge
from and discharge to streams but also recharge from the
percolation of storm fiow in arroyos, recharge from percola-
tion of precipitation or irrigation on the Tesuque Formation,
and discharge through evapotranspiration. The description
of the boundaries of the Tesuque aquifer system includes
an evalvation of the anticipated change in the boundary
condition in response to the projected withdrawals.

Adjacent Ground-Water Systems

Exchanges between the Tesuque aquifer system and
adjacent ground-water systems are negligible. An imper-
meable boundary is one in which the Tesuque Formation is
adjacent to rocks of sufficiently smaller hydraulic conduc-
tivity as to be considered impermeable relative to the Tesu-
que Formation. An impermeable boundary is located along
the contact between the Tesuque Formation and the Sangre
de Cristo Mountains to the east (fig. 1). The boundary be-
tween the Tesuque Formation and the underlying basement
rocks also is impermeable.

The complicated fault zone to the west (fig. 1) may
restrict the flow of ground water and control the fiow into
the modeled area. If so, changes in the ground-water flow
across the fault zone will be small.

Rocks of the Tesuque Formation continue through
the bedrock constrictions to the north and south. Because
the refatively narrow channels have a small cross-sectional
area, the ground-water flow through the channels is small.
Because of the proximity to the Rio Grande, the existing

gradients should be maintained by river flow. Therefore,
changes in the ground-water flow through the channel will
be small.

Rio Grande

The major stream in the modeled area is the Rio
Grande. The mean flow of the Rio Grande at Otowi Bridge
(fig. 4) near San Itdefonso is about 1,300 cubic feet per sec-
ond (Reiland and Koopman, 1975, p. 24). Extremes range
from 60 cubic feet per second on July 4 and 5, 1902, to
24,400 cubic feet per second on May 23, 1920 (U.S. Ge-
ological Survey, 1977). Flow during calendar year 1976
averaged 1,051 cubic feet per second. Ground-water flow
0 or from the Rio Grande may be altered by the with-
drawal of water for irrigation in the Pojoaque River basin.
However, the flow is so large relative to the projected with-
drawals that the Rio Grande will continue t0 maintain the
hydraulic head in the aquifer near the stream at or near the
altitude of the streambed.

Santa Cruz River

The major tributaries to the Rio Grande in Espanola
Basin are the Santa Cruz, Pojoaque, and Santa Fe Rivers.
The mean flow of the Santa Cruz River near the bound-
ary between the Tesuque aquifer system and the crystalline
rocks is about 28.3 cubic feet per second (U.S. Geological
Survey, 1977). Extremes range from 0.19 cubic foot per
second on March 13, 1954, to 2,420 cubic feet per second
on September 24, 1931. Flow during calendar year 1976
averaged 21.85 cubic feet per second. Ground-water flow
to or from the Santa Cruz River may be aliered by the with-
drawal of water for imrigation in the Pojoaque River basin.
Although the flow is not large relative to the projected with-
drawals, the stream is far enough from the Pojoaque River
basin that the Santa Cruz River will probably continue to
maintain the hydraulic head in the aquifer along the stream
at or near the altitude of the streambed.

Pojoaque River and Tributaries

Monthly streamflow at selected sites along the Po-
joaque River was estimated from 1935 to 1972 by Reiland
(1975) and Reiland and Koopman (1975) for undeveloped
conditions. Flow available in the Pojoaque River basin for
recharge to the ground-water system was estimated from
the mean flow in the streams as they discharged from the
mountain front. For the Rio Nambe, the mean flow near
the boundary between the Tesuque aquifer system and the
crystalfine rocks is estimated to be about 10.59 cubic feet
per second (Reiland and Koopman, 1975, table 1).
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The Rio en Medio is estimated to have 2 mean flow of
about 2.40 cubic feet per second at a site east of the bound-
ary between the Tesuque aquifer system and the crystalline
rocks (Reiland and Koopman, 1975, table 3).

The Rio Chupadero is estimated to have a mean flow
of about 0.40 cubic foot per second (Reiland and Koopman,
1975, table 4) at a site about 1 mile west of the boundary
between the crystalline rocks and the Tesuque aquifer sys-
tem. Losses upstream from this site are estimated to be
about 0.13 cubic foot per second (Reiland and Koopman,
1975, p. 14). The mean annual flow of the Rio Chupadero
as it discharges from the Sangre de Cristo Mountains is
therefore estimated to be about 0.54 cubic foot per second.

The headwaters of the Rio Tesuque are Tesuque
Creek and Little Tesuque Creek. The mean flow for Te-
suque Creek upstream from diversions is estimated to be
about 2.82 cubic feet per second (Reiland and Koopman,
1955, table 4A). Flow in Little Tesuque Creek is estimated
to be about 0.55 cubic foot per second (Reiland, 1975,
p. 17).

An estimated total of 16.90 cubic feet per second
flows in the headwaters of the streams in the Pojoaque
River basin. Losses to the Tesuque aquifer system and
evaporation from the river surface and river bed decrease
the flow. Discharge from the Tesuque aquifer system and
runoff of precipitation on the Tesuque Formation are added
to the flow. Reiland and Koopman (1975, table 6) estimate
the mean annual discharge from 1935 to 1972 at the mouth
of the Pojoaque River to be about 14.35 cubic feet per sec-
ond. Because this estimate is based on the assumption that
the runoff of precipitation on the Tesuque Formation and
the inflow from ground water very nearly balance the evap-
otranspiration loss, this estimate is considered less accurate
than those for the flows at the boundary of the crystalline
rocks.

At present (1980) some of the natural flow is diverted
to irrigate about 3,700 acres (New Mexico State Engineer
Office, 1978). Assuming a consumptive use of 1.5 acre-
feet per acre (New Mexico State Engineer Office, 1966),
about 7.67 cubic feet per second of water is consumed. The
annual flow at the mouth of the Pojoaque River is estimated
from the periodic measurements reported for the water years
1973-1977 (U.S. Geological Survey, 1973, 1974, 1975,
1976, 1977). The estimated annual flow ranges from about
1,500 acre-feet for the 1977 water year to about 19,200
acre-feet for the 1973 water year. The mean annual flow
of about 6,000 acre-feet exceeds the estimated annual flow
in each of the 5 years except 1973. The median annual
fiow of 2,630 acre-feet or about 3.63 cubic feet per second
for the 5 years may be a better measure of central tendency.

.Under natural conditions and at the present level of
irrigation, the fiow of the Pojoaque River is adequate to
maintain the hydraulic head in the aquifer along the stream
at or near the elevation of the streambed. However, the
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irrigation-development plan proposed by the U.S. Bureau
of Indian Affairs calls for the diversion of water from the
Rio Nambe, Rio en Medio, Rio Chupadero, and Rio Te-
suque, as well as the withdrawal of ground water from the
Tesuque aquifer system near the Pojoague River and its
tributaries. With this additional stress, the flow of the Po-
joaque River will probably not be adequate to maintain the
hydraulic head in the aquifer along the stream at or near
the altitude of the streambed.

Santa Fe River

The mean flow of the Santa Fe River upstream from
Cochiti Lake (fig. 4) was about 8.0 cubic feet per second
for the 7 years of record. Extremes range from no flow on
July 16-18, 1971, to 11,400 cubic feet per second on July
26, 1971. The flow is affected by diversions to and returns
from the municipal supply of the city of Santa Fe. The flow
of the Santa Fe River about 5 miles east of Santa Fe (U.S.
Geological Survey, 1960) averaged about 12 cubic feet per
second prior to the completion of McClure Reservoir in
1926 and about 8 cubic feet per second for the 64 years of
record. Under pristine conditions, the flow of the Santa Fe
River probably was adequate to maintain the hydraulic head
in the aquifer along the stream at or near the altitude of the
streambed. With present (1980) diversions, the upstream
reach of the river is dry much of the year, but occasional
flows still may be adequate to maintain the hydraulic head
in the aquifer along the stream at or near the altitude of the
streambed. However, declines in the hydraulic head in the
aquifer are not likely to induce additional recharge. Due
to gains from ground-water seepage, the downstream reach
of the river is perennial. The withdrawal of ground water
in Pojoaque River basin may affect the rate of flow to the
downstream reach of the Santa Fe River.

Storm Runoff

In addition to the major tributaries, there are many
arroyos that flow only in response to storms or spring
snowmelt. Some of this storm or snowmelt runoff
recharges the ground-water system. Some recharge also
may occur from infiltration of precipitation on the surface
of the Tesuque Formation. However, these recharge rates
are not likely to change due to the withdrawal of water for
irrigation in the Pojoaque River basin.

Native Vegetation

Native vegetation that may consume water from the
aquifer system is found along most streams where the flow
is adequate to maintain the hydraulic head in the aquifer
along the stream at or near the land surface. For the Rio
Grande, the Santa Cruz River, and the downstream reach




of the Santa Fe River, the flow probably will continue to
maintain the hydraulic head in the aquifer and supply water
for the native vegetation. For these streams the water con-
sumed by the native vegetation can be considered part of
the surface-water system rather than a separate discharge
from the ground-water system. However, the streams in
the Pojoaque River basin will be more heavily affected
by the projected withdrawals. If flow in the river were
to be completcly terminated and the water table lowered
abruptly, the native vegetation might be unable to obtain
adequate ground water. A more likely scenario would be
for the streamflow to be reduced and the ground-water lev-
els to decline gradually. The native vegetation may con-
tinue consuming ground water at the present rate regardless
of the flow or lack of flow in the stream.

The National Resources Committee (1938, table B,
p. 418-19) reported 315 acres of trees in the Pojoaque
River basin. This figure is consistent with the U.S. Bu-
reau of Reclamation’s (1965, p. B-27) estimate of 144
acres of trees for the part of the basin upstream from Po-
joaque Bridge. If the trees consumed 2.5 acre-feet per acre
annually (U.S. Bureau of Reclamation, 1965), the total dis-
charge would be about 800 acre-fect per year or 1.10 cubic
feet per second.

Channel Losses

Evaporation from river and canal surfaces and ex-
posed channel beds also may be discharging water. The
present rate of discharge will probably be maintained by the
flow in the streams except for the streams in the Pojoaque
River basin. The National Resources Committee (1938,
table B, p. 418-19) reported 963 acres of river and canal
surfaces and exposed channel beds. If evaporation from
these surfaces were about 2.5 feet per year (U.S. Bureau
of Reclamation, 1965), total evaporation would be about
3.32 cubic feet per second.

Boundaries Represented in the Model

The computer program allows for a boundary to be
represented as one of three types: specified-flow, specified-
hydraulic-head, or hydraulic-head-dependent. At specified-
flow boundaries, water is recharged to or discharged from
the aquifer system at a rate that is independent of the hy-
draulic head in the aquifer system. An impermeable or no-
flow boundary is a specified-flow boundary. At specified-
hydraulic-head boundaries the hydraulic head is maintained
at the specified value. As hydraulic heads in the aqui-
fer system change adjacent to the specified-hydraulic-head
boundary, the rate of flow at the specified-hydraulic-head
boundary will change. A hydraulic-head-dependent bound-
ary (Posson and others, 1980) is designed to represent
streams in which the flow is small relative to the stress

to be imposed on the aquifer system. At a hydraulic-
head-dependent boundary, the hydraulic head is allowed
to change as the aquifer is stressed. The rate at which
water is recharged to or discharged from the aquifer is cal-
culated as a function of the hydraulic head in the aquifer,
the streambed altitude, and the flow in the river. Each of
the boundaries described for the prototype is represented in
the model as one of these boundaries. Boundary conditions
represented in the model are shown in figure .

Adjacent Ground-Water Systems

The boundaries between the Tesuque aquifer system
in the modeled area and other ground-water systems are
represented in the model as impermeable or no-flow
boundaries (fig. 5). The irregular boundary to the east rep-
resents the contact between the Tesugue Formation and
the Sangre deCristo Mountains. The boundary to the west
represents the complicated fault zone beneath the Jemez
Mountains. Any flow across the fault zone, which is
treated as a constant-flow boundary, is not distinguished
from recharge from storm runoff. Although the boundaries
to the north and the south do not represent geologic
boundaries, reasonable steady-state conditions were pro-
duced with no flow across them. The boundaries are
sufficiently distant from the Pojoaque River basin that the
effect on the response to the proposed withdrawals is neg-
ligible.

Rio Grande and Santa Cruz River

The Rio Grande and the Santa Cruz River were rep-
resented in the model as a specified hydraulic-head bound-
ary. The hydraulic head specified at each cell is at or
near the altitude of the streambed as estimated from topo-
graphic maps. Hydraulic heads along specified-hydraulic-
head boundaries are shown in table 2.

Pojoaque River and Tributaries

The Pojoaque River and its major tributaries are rep-
resented as a hydraulic-head dependent boundary. This
requires not only defining the stream network and estimat-
ing the inflow at the upstrecam end of each stream, but also
estimating the hydraulic head in the stream, the constant of
proportionality (leakance coefficient) between the hydraulic
head difference and the rate of flow between the river and
the aquifer, and a maximum infiltration rate.

Stream network.—The Pojoaque River and its
tributaries were represented by eight reaches as shown in
figure5. The first reach represented the Rio Nambe. Flow
into the upstream end of the reach is estimated to be about
10.59 cubic feet per second (Reiland and Koopman,
1975). Flow from the downstream end of the reach is
routed to reach 4 (Pojoaque Creek).

Model Description 13
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Table 2. Specified hydraulic-head boundaries represented
in the mode!

Specified
hydraulic
Location head

Row Column Layer {feer)
2 4 21 5,672
3 4 21 5.622
4 5 20 5,591
5 6 19 3.572
6 [ 19 5.558
7 6 19 5,549
8 6 19 5,540
9 6 19 5,529
10 6 1y 5.519
[} 6 19 5,512
12 6 19 5.505
13 o 19 5,496
4 6 19 5.475
t5 6 19 5,462
16 L] 19 5.443
17 6 19 5.434
18 [ 19 5.417
19 5 20 5,397
20 5 20 5,369
21 4 20 5,319
22 4 20 5,267
23 4 20 5.213
3 13 2 6,095
3 12 13 6,014
3 " 14 5928
4 10 15 5.838
a 9 16 5,742
4 8 17 5,693
4 7 I8 5.617
22 14 1t 6,040
23 13 12 5710
23 12 13 5,610
23 n 14 5,518
23 10 15 5,470
23 9 16 5,425
23 8 17 5,385
23 7 18 5.350
23 6 19 5.300
23 5 20 5,260

The second reach represents the Rio enMedio. Flow
into the upstream end of the reach is estimated to be about
2.40 cubic feet per second (Reiland and Koopman, 1975).
Flow from the downstream end of the reach is routed to
reach 4 (Pojoaque Creek).

The third reach represents the Rio Chupadero. Flow
into the upstream end of the reach is estimated to be about
0.54 cubic foot per second (Reiland and Koopman, 1975).
Flow from the downstream end of the reach is routed to
reach 4 (Pojoague Creek). ’

The fourth reach represents Pojoaque Creek. Flow
into the upstream end of the reach is the sum of the flows
routed to this reach from reaches 1 (Rio Nambe), 2 (Rio
enMedio), and 3 (Rio Chupadero). Flow from the down-
stream end of the reach is routed to reach 8 (Pojoaque
River).

The fifth reach represents Tesuque Creek. Flow into
the upstream end of the reach is estimated to be about
2.82 cubic feet per second (Reiland and Koopman, 1975).
Flow from the downstream end of the reach is routed to
reach 7 (Rio Tesuque).

The sixth reach represents Little Tesuque Creek.
Flow into the upstream end of the reach is estimated to be
about 0.55 cubic foot per second (Reiland, [975). Flow
from the downstream end of the reach is routed to reach
7 (Rio Tesuque).

The seventh rcach represents the Rio Tesuque. Flow
into the upstream end of the reach is the sum of the flows
routed to this reach from reach 5 (Tesugue Creek) and
reach 6 (Little Tesuque Creek). Flow from the down-
stream end of the reach is routed to reach 8 (Pojoaque
River).

The eighth reach represents the Pojoaque River.
Flow into the upstream end of the reach is the sum of the
flows routed to this reach from reach 4 (Pojoaque Creek)
and reach 7 (Rio Tesugue). Flow from the downstream
end of the reach is to the Rio Grande.

Estimation of stream leakage characteristics.—The
rate of flow between the river and the aquifer is calculated
(Posson and others, 1980) as the minimum of the simu-
lated flow available in the stream, the specified maximum
infiltration rate, and the flow calculated from

q = Kn(H — WA 3)

= the flow from the river to the cell (LY/T);

the leakance coefficient (T~ ');

= the hydraulic head in the stream (L);

= the calculated hydraulic head in the cell at the last
time step (L); and

the surface area of the cell (L?).

p-Y
l

To complete the definition of the boundary, the hy-
draulic head in the stream, H, the leakance coefficient,
Kg. and the maximum infiltration rate must be specified.
The hydraulic head, H, at each node of the stream was as-
sumed to be at or near the altitude of the streambed. Al-
titudes shown in table 3 were estimated from topographic
maps. The leakance coefficient, K. was assumed to be
5% 107 '° per second. The maximum infiltration rate is as-
sumed to be 1.0 cubic foot per second.
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Table 3. Hydraulic-head dependent boundaries represented
in the model

Estimated
hydraulic

Location head in

River stream

Row Calumn Layer reach (feel)
9 18 7 1 6,450
] 17 8 ] 6,325
1 19 6 2 6,810
10 18 7 2 6,650
10 17 8 2 6,370
N 18 7 3 6,670
1 17 8 3 6,460
10 16 9 3 6,230
9 16 9 4 6.188
9 15 10 4 6,100
8 14 1t 4 6,015
9 13 12 4 5,930
9 12 1 4 5,860
16 22 3 5 1175
17 2 3 6 7.220
16 2t 4 7 6,950
15 20 s 7 6,810
15 19 6 7 6,640
14 18 7 7 6.490
14 L 8 7 6,410
13 16 9 7 6,290
12 15 10 7 6,190
12 14 11 7 6.090
1 13 12 7 5.950
10 12 13 7 5.870
9 i 14 8 5,790
10 10 15 8 5,18
10 9 16 8 5,670
1n 8 17 8 5.617
11 7 18 8 5.565

The value of 5x 10~ '® per second is plausible if the
leakance coefficient, Kg, is associated with aquifer char-
acteristics by simplifying the flow system within an indi-
vidual river cell and making an approximate comparison
with an expression of Darcy’s law. Flow can be calculated
from Darcy’s law as

q= KlAf (4)
where
q = the flow (L3/T);
K = the hydraulic conductivity in the
direction of flow (L/T);
I = the hydraulic gradient in the direction of flow
(dimensionless); and
A =  the cross-sectional area normal to the flow (1.2).

To compare the two expressions for flow from the
river to the aquifer requires that the gradient, I. be ex-

pressed as the ratio of (1) the difference, Ah, between the
hydraulic head specified for the stream and the hydraulic
head simulated in the cell and (2)an appropriate distance,
d, so that J = Ah/d. Making this substitution, setting the
two expressions for flow from the river to the cell equal
to each other, and solving for the constant of proportional-
ity, Kp, yields

—KA
Kp=—- )

Therefore, Kr must incorporate the hydraulic con-
ductivity, K; the part, As, of the area of the cell, A,
through which flow occurs; and an appropriate distance, d,
so that Ah/d approximates the hydraulic gradient, 1.

In general, Ky is assigned based on the geometry of
the presumed flow system and the directional hydraulic
conductivity of the comesponding beds. As described
above, the model represents the dipping anisotropic beds
of the Tesuque aquifer system as a network of homogene-
ous, anisotropic cells oriented parallel to the beds. Each
cell in this model represents several interbedded more
permeable and less permeable beds. To illustrate the pre-
sumed flow system, an individual river cell is shown (fig.
6) with alternating more permeable and less permeable
beds. If the river is assumed to flow in the direction of
dip, the river alluvium intersects the upturned ends of
these beds (fig. 6). In this case, flow from the river to the
aquifer will be predominantly through the more permeable
beds. Therefore, the hydraulic conductivity in the direc-
tion of flow is the mean hydraulic conductivity parallel to
the beds. K,. or about {.0 foot per day.

The cross-sectional area normal to the flow is the
area of the upturned ends of the beds normal to the flow.
Because the river is assumed to flow in the direction of
the dip and the angle between the river alluvium and the
beds is assumed to be 7° (fig. 6). the aggregate thickness

tand syrfoce dips
1* from hortrontal

beds dip
ot B8° trom
horizontal

EXPLANATION

D MORE PERMEASLE BEDS

cotl boundary FZ] ess renurane oens

tight angie
disterted by verticci
sxoggeration

VERTICAL EXAJGERATION X 3

Figure 6. Simplified geometry for an individual cell used to
estimate the constant of proportionality (Kg) for hydraulic-
head dependent boundaries.
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of the upturned ends of the beds in the cell is the product
of the horizontal grid dimensions, Ax, and the tangent of
7°.

The width of the flow path is assumed to be the
width of the cell, Ay. Therefore, the area of flow is esti-
mated 10 be (Ax tan 7°) (Ay), about 12 percent of the sur-
face area of the cell.

The appropriate distance, d, so that A h/d approxi-
mates the gradient, 7, is assumed to be half the horizontal
grid spacing, A y/2.

Combining these assumptions and estimates, the
constant of proportionality for this model is

K (Aran )8

- Ay2 AxAy ©

Kg
where

K, = the hydraulic conductivity paralle! to the beds of
the Tesuque aquifer system (LT~ '); and
Ax,Ay = thedimensions of the cell (L).

For all cells specified as hydraulic-head-dependent
boundaries, A x = A y = 5.280 feet. Therefore, for K, =
1.0foot per day, K is specifiedas 5 X 10~ '®per second.

Santa Fe River

The boundary representing the Santa Fe River is di-
vided into a downstream reach and an upstream reach.
The criterion for this division is whether the model indi-
cates a steady-state flow to or from the ground water. In
the downstream reach the model simulates flow of ground
water to the river. The downstream reach of the Santa Fe
River is represented as a specified-hydraulic-head bound-
ary (table 2). As hydraulic heads in the model decline due
to simulated ground-water withdrawals, the simulated flow
to the river decreases. In the upstream reach of the Santa
Fe River, the model simulates a stcady-state flow to
ground water from the river. The upstream reach is rep-
resented as a specified-flow boundary. The recharge from
the river is assumed to be adequate to maintain the hy-
draulic head in the aquifer along the stream at about the
altitude of the streambed. However, as hydraulic heads in
the model decline in response to simulated ground-water
withdrawals, the simulated ground-water recharge will not
be allowed to increase. The flow rate specified for each
cell was estimated by a preliminary steady-state simulation
in which the cells were treated as specified- hydraulic-
head boundaries. The specified hydraulic heads were as-
sumed to be at or near the altitude of the streambed and
were estimated from topographic maps. The flow rate at
each specified-flow boundary is shown in table 4.

Table 4. Specified-flow boundaries represented in the model
[ft¥/s = cubic foot per second]

Specified

Location flow to

aquifer

Row Column Layer (1)
S 18 7 -0.046
9 17 8 - 046
10 18 7 - 046
10 17 8 - (46
" 19 6 - 046
1 18 7 - 046
9 16 9 - .046
9 15 10 - 046
] 14 1 - 46
9 13 12 - .046
9 12 13 — 046
16 22 3 - M6
17 22 3 ~ 046
16 21 4 ~ 046
15 20 s - .046
15 19 6 - 046
12 14 1 ~ 046
1 13 12 - 046
10 12 13 - .046
9 11 14 - 046
10 10 15 - .046
10 ] 16 ~ 046
1 F 17 ~ 046
u 7 18 - 046
2 3 21 1.3605
2 2 22 - .3365
3 2 22 0371
4 2 22 1667
H 2 2 .2370
6 2 2 .2427
7 2 2 .3366
8 2 22 L4361
9 2 22 5436
10 2 22 5311
1" 2 22 5247
12 2 22 .3974
13 2 22 3974
14 2 22 2764
15 2 22 2732
16 2 22 5130
17 2 22 7732
18 2 2 1.1698
19 2 22 1.0982
20 2 22 1.0660
22 2 22 1.7389
3 2 22 9800
4 15 10 1139
6 16 9 5239
7 18 7 1.2749
14 21 4 12716
19 2 2 71978
19 2 3 1640
19 b3 4 L4651
20 20 5 1.3025
20 19 6 8045
21 8 ? 1.8127
21 17 8 4
2 16 9 .5099
21 15 0 .5159
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Storm Runoff

Recharge from storm runoff in arroyos and infiltra-
tion of precipitation on the surface of the Tesuque Forma-
tion is represented as a specified-flow boundary. The rate
of flow was estimated by a preliminary steady-state simu-
fation in which the cells were treated as specified-hydrau-
lic-head boundaries. This recharge may occur throughout
the entire basin. However, to represent the entire surface
of the modeled area as a specified-hydraulic-head bound-
ary would probably generate spurious fiows to and from
the ground-water reservoir in response to heterogeneity of
the aquifer system, which is not represented in the model,
and errors in estimated hydraulic head. To avoid these er-
rors, recharge from storm runoff was concentrated on the
perimeter of the model. Specified-flow boundaries were
designated along the western edge of the model. East of
the Rio Grande, specified-flow boundanes were desig-
nated for some of the larger arroyos along the eastern limit
of the Tesuque aquifer system. At these locations, the rate
of recharge was assumed to be adequate to maintain the
water level at its present estimated position. For the pre-
liminary simulation the specified hydraulic heads were es-
timated from water-level contour maps (Borton, 1968;
Purtymun and Johansen, 1974). The flow rates at
specified-flow boundaries are shown in table 4.

Native Vegetation

Water consumption by native vegetation along the
Pojoaque River and its major tributaries is represented as
a specified-flow boundary. Few trees are evident in the
channel of the Rio Chupadero at its mouth or in the chan-
netf of the Rio Tesuque on either side of Tesugue Pueblo.
No discharge was represented for these reaches. The esti-
mated 1.10 cubic feet per second of consumption was di-
vided evenly among the remaining 24 cells representing
the Pojoaque River system. Each of the cells at which the
flow from the aquifer is specified as 0.046 cubic foot per
second is shown in table 4.

Channel Losses

Evaporation from the river and canal surfaces and
exposed channel beds in the Pojoaque River basin, as well
as any current irrigation diversions, was assumed to be a
loss from the surface-water system and was not rep-
resented separately in the ground-water model. The calcu-
lated value described as the flow remaining in the river at
each cell represents the sum of flow in the river, evapora-
tion from water surfaces and exposed channel beds, and
any current diversion from the river.
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STEADY-STATE CONDITION

This section of the report presents the steady-state
condition as established in the prototype and as simulated
with the model as described in the preceding sections on
structure, characteristics, and boundaries. Two facets are
considered: the hydraulic-head distribution and the flow
between ground water and surface water. For each, a con-
sideration of the prototype is followed by a description of
the simulated results.

Preliminary models with different structures and
boundaries were discarded because the steady-state condi-
tion that they simulated was too dissimilar to that estab-
fished in the prototype. Structures that were found unsatis-
factory included grid blocks oriented with a north-south
strike or with no dip west of the Rio Grande. Models that
did not extend south far enough to include the Santa Fe
River as a boundary also were rejected, as were models

- that did not include recharge along the contact with the

Sangre deCristo Mountains. In each of these preliminary
models, adjustment of aquifer characteristics failed to sig-
nificantly improve the comparison between simulated and
measured hydraulic heads. And with the model described
in the preceding sections on structure and boundaries, the
steady-state condition was acceptable without adjusting
the aquifer characteristics.

Hydraulic-Head Distribution in the Prototype

A steady-state condition is assumed to have existed
in the prototype in 1946. Irrigation with surface water di-
verted to lands near the principal streams consumes water
which would otherwise contribute to the flow in the
streams. However, the effect on the ground-water system
is assumed to be negligible. Significant withdrawals from
ground water began outside of Pojoaque River basin in
1947 as described more completely in the section on “‘His-
tory in the Prototype.” Because of these withdrawals, the
present water levels near the points of withdrawal may be
a few tens of feet lower than in 1946. However, within
the Pojoaque River basin, the water levels are assumed to
have remained in the 1946 steady-state condition.

Contours of the water surface east of the Rio
Grande (figs. 7 and 8) have been published by Trauger
(1967) and Borton (1968). The contours of Trauger (fig.7)
were modified from those of Spiegel and Baldwin (1963,
plates 6 and 7) who described them as contours on ex-
trapolated prepumping water levels.” The contours of Bor-
ton (fig.8) approximate the ground-water elevation as
measured or reported for 71 wells and springs in and near
the Pojoaque River basin (Borton, 1968, table2). Because
most of the water levels were measured during late 1967
and early 1968, they are taken to indicate the 1968 water
surface. Because the water levels within the Pojoaque




RTE RBE \ROE RIOE. N ANE
3 ~ s X ] n
) \ Sre, EXPLANATION
\ WATER-LEVEL CONTOUR—
\ Y \’\ N L ~ 5600 Shows sititude of prepump-
. \ « h““ S ~ ing water surfece. Contour
4 \ N interval 100 feet. Netions!
s g\ - N Geodetic Vertical Datum of
‘ 0t} . & \ 929
B EQVES S :
3 o-H \ \
] e U N A A :
. = -
6 \ \ \i i . ’\, : nl“e\ \ .-
7 '\‘ 5\ “ | B L K e \
- & 4 L‘)\ L&) \ N
8] % Ol AR R (DY S T NN Y % 3
-1 ‘%ﬁ g——~7 ‘\ & AR ; - g ) \1 N ]
< k=Y P / -
g 10 ./\,%w " R4 o ,};oi‘ ‘A R N | ,\»;,/,,,,w,,
T T T ! 4 P 1%
w 3 o PR 1 )
5 iy \\ - 1 ® ﬁ oo - - - - To%
'3 L N~ o+ ¢ b~ - S o KON e
"_’( — —feryr J }5 ™A 2 2 A A ‘% / /'”
13— — & ,'5\ .,,_A‘ ,‘\Q S~ I ERRY ) Ps \»44 X \ ' <
PR SN . ¥ '
My - ﬁo Jé’ VR A R SEINNN L~ o
a. "\' s
5 o mi\ _If-} ‘?: fo - : : % [Ad s 1eg°“' \"'
16 &ﬂw 3 ER R IHIAN TS y
By N
< b
5 }/N ‘)\ |~ b A w
N A~ ) " L 5
HINY S LT TR
\ ~ . . " »
19 AV & L, A ' 1 \ \ A vr‘>' "
\ D ] \ <4 |
SN L0 B P : ¥ .
(VST T R SV TN N
200/~ 1\ \ AN N A N :
2 "6E3 4 S RTE7 8 9 10 11 12 13E14 15 16 17 18 19 PRF 21 22 23
COLUMNSa® © 1 2 3 4 5MLES .

O 1+ 2 3 4 8 6 7 KILOMETERS

Figure 7. Contours of prepumping water surface east of the Rio Grande.

River basin are assumed to have remained in the 1946
steady-state condition, these contours are considered rep-
resentative of the steady-state condition within that basin.
Both sets of contours indicate ground-water flow from the
mountain front toward the Rio Grande.

Purtymun and Johansen (1974, fig.3) contoured the
water levels west of the Rio Grande in the Espanola
Basin. Because the water levels were rcported when the
wells were drilled, these are described (fig.9) as prepump-
ing water levels. As on the east side, the contours imply
ground-water flow toward the Rio Grande.

The hydraulic head in more permeable units below
the water surface has been observed at each of the four
test sites on the Pueblo Grants of San Ildefonso,
Pojoaque, Nambe, and Tesuque. The vertical hydraulic
gradients are about 0.12 at the San Ildefonso, Pojoaque,
and Tesuque sites, and about 0.20 at the Nambe site.

Hydraulic-Head Distribution Simulated by the
Model

Hydraulic heads in the model were obtained by
simulating a steady-state condition. The hydraulic heads
described in this section were simulated with the model
described in the previous sections on structure, aquifer
characteristics, and boundaries. The grid blocks are
oriented with a strike of N. 25° E., a dip to the northwest
of 8° east of the Rio Grande and 4° west of the Rio
Grande. The aquifer characteristics are those shown in
table 1 as the most likely value. The hydraulic conductiv-
ity parallel to the beds is 1 foot per day. The vertical-to-
horizontal anisotropy ratio is 0.003. The boundaries in-
clude the Rio Grande and the Santa Cruz, Pojoaque, and
Santa Fe Rivers and recharge on the perimeter of the
basin, as shown in figure S and tables 2, 3, and 4.

Steady-State Condition 19
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Figure 8. Contours of 1968 water surface east of the Rio Grande.

A comparison of simulated water levels with histori-
cal levels shows the extent to which the model represents
the historical initial conditions. The water levels reported
by Borton (1968) for 71 wells and springs (fig. 8) are
compared (fig. 10) with the simulated water surface for
the cell representing the square mile in which the well or
spring is located. Some of the variability in this relation-
ship (fig. 10) may be due to the representation of the con-
tinuous system with discrete cells. For example, wells 13,
14, and 15 are so close together that they are represented
by the same cell even though the measured hydraulic
heads range from 6,235 feet to 6,391 feet. A slight change
in the locations of wells 33 and 54 would have placed
them in cells in which the simulated hydraulic heads of
6,805 feet and 6,020 feet, respectively, compare more
favorably with the measured hydraulic heads of 6,808 feet
and 5,989 feet, respectively. Wells 66 and 67 are located
so near the mountain front that the corresponding cells
have been defined as being outside the Tesuque aquifer

20 Mathematical Model of the Tesuque Aquifer System, N. Mex.

system. These wells are compared with the nearest cells
representing the Tesuque aquifer system. Some of the var-
iability in this relationship (fig. 10) may be due to a mea-
sured or reported water level unrepresentative of the
Tesuque aquifer system. For example, water levels for
wells 21, 29, 30, and 42 and springs 9 and 32 are qual-
ified by Borton as representing perched water. Finally,
some of the variability in this relationship (fig. 10) is un-
doubtedly due to the model’s not representing the detailed
heterogeneity of the Tesugue aquifer system. The author
considered the comparison between simulated and histori-
cal water levels (fig. 10) to be acceptable.

By comparing the simulated results with contours of
water levels rather than historical water-level data, the in-
terpretation of the data also is considered. Contours of the
water surface simulated by the model are shown in figure
11. These can be compared to the contours of Trauger
(fig. 7) and Borton (fig. 8) that involve interpretation of
measured and reported data. The differences between the
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Figure 9. Contours of prepumping water surface west of the Rio Grande.

contours of simulated water levels and those of Trauger
are typically less than the differences between the con-
tours of Trauger and those of Borton. For example,
Tesuque Pueblo overlies the 6,300-foot contour for the
simulated surface (fig. 11) and that of Trauger (fig. 7),
and is about one-third of the way between the 6,300- and
6,400-foot contours of Borton (fig. 8). The water surface
simulated by the mode! appears to approximate that of the
prototype as closely as the two interpretations of historical
data presented by the contours of Trauger and Borton.

Outside of the Pojoaque River basin, the simulated
and historical water levels show greater disagreement.
This may be due to the arbitrary nature in which bound-
aries to the north, south, and west are represented. For ex-
ample, compare the simulated contours (fig. 11) west of
the Rio Grande with those of Purtymun and Johansen (fig.
9). However, the effect of these differences is reduced be-
cause they are several miles from the area of interest in
Pojoaque River basin.

The vertical hydraulic gradients simulated by the
steady-state model may be compared (1able 5) with those
observed at the aquifer test sites on the San Hdefonso,
Pojoaque, Nambe. and Tesuque Pueblo Grants. At the in-
dividual sites the comparison is variable. The simulated
vertical gradients vary from 0.09 for the San Ildefonso
and Pojoaque sites to 0.21 for the Tesuque site, although
the observed vertical gradient was 0.12 at each of the 3
sites. At the Nambe site the simulated vertical gradient of
0.15 is 25 percent less than the observed value of 0.20.
However, the mean of the four simulated values, 0.14, is
the same as the mean of the four observed values.

Flow Between Ground Water and Surface Water
in the Prototype

Flow between ground water and surface water is
typically diffuse and difficult to estimate. The estimate of

Steady-State Condition 21
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the total gain or loss along a reach of the stream is typi-
cally not accurate because the flow to or from the ground-
water reservoir is small relative to the flow in the stream.,

Rio Grande

The major stream in the modeled area is the Rio
Grande. The volume of discharge that reaches the Rio
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Grande directly from the ground-water system may be es-
timated. Spiegel and Baldwin (1963, p. 200) estimated
that the average discharge of ground water to the Rio
Grande is about 25 cubic feet per second in the 20-mile
(direct distance) reach downstream from Otowi Bridge
(fig. 4) or about 1.2 cubic feet per second per mile. How-
ever, days that showed an apparent loss of flow were
excluded from this average (Spiegel and Baldwin, 1963,
p. 201). If the apparent losses of flow result from emors
in measurement, they are probably random and their ex-
clusion may introduce a statistical bias resulting in too
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Figure 11. Contours of steady-state water surface simulated by the model.

large an estimated average discharge from the ground-
water reservoir. Therefore, the value given by Spiegel and
Baldwin probably overestimates the discharge to the Rio
Grande.

Another estimate of the average discharge from the
Tesuque aquifer system to the Rio Grande can be obtained
from the 1961-70 record at the gaging stations at Otowi
and Cochiti for periods of low flow. The period of record
is prior to the construction of Cochiti Dam. The only
gaged inflow between the station at Otowi and the station
at Cochiti is from Rito de los Frijoles in Bandelier Na-
tional Monument, N. Mex. For this 10 years of record,
the January flow of the Rio Grande at Otowi was in-
creased by the flow of the Rito de los Frijoles and com-
pared with the flow in the Rio Grande at Cochiti. The
mean gain in the flow of the Rio Grande was 4.4 cubic
feet per second. The straight-line distance between the
two gages of approximately 20 miles indicates an incre-
mental increase of about 0.2 cubic foot per second per

mile. The individual monthly records range from losses of
87 cubic feet per second to gains of 47 cubic feet per sec-
ond. If years showing an apparent loss are eliminated (as
done by Spiegel and Baldwin), the biased sample indi-
cates a gain of 21 cubic feet per second or about 1.0 cubic
foot per second per mile.

Table 5. Vertical hydraulic gradients

Site at
puebla grant
{location shown

Vertical hydraulic gradent

nbg. 1 Observed Simulated
San Ndefonso .. .......o.... 0.12 0.0%
Pojoague R .09
Nambe .. ... .ol .20
Tesugue - .- oo 12 .21
Mean . . _.ioiieiiacnnn. B 14
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Table 6. Water balance for the Pojoaque River and

tributaries
Flow, in
Description of cubic {eet
flow per second
Tribwary inflow . ____ . ... __ ... . 16.90
C ption by native vegetation. ____ . - 1.10
Evaporation from river and riverbed -3.32
Pojoaque River discharge and consumption by
iAo L ...l t-1a35  ?-1130
Net flow from (+) or 1o (—) ground-water reser-
voir, calculated as a residual . _____. .. 141.87 2.118

! Pojoague River dischurge estimated by Reiland and Kovpman (1975} with no diversions for
mipation

* Sum of Pojoaque River dscharge and diversion lor irigation estimated in previols section un
boundanes of the protorype.

Seepage investigations were conducted along the
17.2-mile reach of the Rio Grande upstream from Otow:
Bridge on October 18, 1967, March 19, 1968, and Sep-
tember 12, 1968 (U.S. Geological Survey, 1968). The re-
sults of these seepage investigations indicate a net loss of
8 cubic feet per second out of 336 cubic feet per second
on October 18, 1967, and a net loss of 7 cubic feet per
sccond out of 440 cubic feet per second on September 12,
1068. A net gain of 33 cubic feet per second out of 856
cubic feet per second was indicated by the seepage inves-
tigation on March 19, 1968. If the differences between
these measurements are the additive effect of many factors
acting at random, then the mean provides a more accurate
estimate, The mean net gain for these three observations
is about 0.3 cubic foot per second per mile.

From the above data it is reasonable to presume that
the discharge to the Rio Grande throughout the Espanola
Basin averages about 0.5 cubic foot per second per mile
or less and is certainly no more than about | cubic foot
per second per mile.

Santa Cruz and Santa Fe Rivers

The relationship between the Tesuque aquifer sys-
tem and the Santa Cruz and Santa Fe Rivers is less impor-
tant to this study because of their distance from the area
of interest. No attempt was made to quantify these flows.

Pojoaque River and Tributaries

The flow between surface water and ground water in
the Pojoaque River basin is estimated by developing a
water balance for the surface-water system. By estimating
alt other items in the budget, the net recharge to or dis-
charge from ground water can be caiculated as a residual.
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The quantities to be estimated for the water balance are
the flow of the tributaries as they discharge onto the
Tesuque Formation, losses due to consumption by vegeta-
tion, channel losses, and discharge from the Pojoaque
River into the Rio Grande.

Reitand (1975) and Reiland and Koopman (1975)
estimate the flow of the tributaries as they discharge from
the Sangre deCristo Mountains onto the Tesuque Forma-
tion. The flows summarized in the previous section on
boundaries total about 16.90 cubic feet per second.

Losses due to consumption by vegetation include
native vegetation. In the previous section on boundaries,
the estimated 315 acres of trees were estimated to con-
sume about 1.10 cubic feet per second.

Losses due to evaporation from 963 acres of river
and canal surfaces and exposed channnel beds are esti-
mated in the previous section on boundaries to be about
3.32 cubic feet per second.

Two estimates are available for the sum of the dis-
charge from the Pojoaque River to the Rio Grande and the
consumption by irrigation. Reiland and Koopman (1975)
estimate the flow, with no diversions for irrigation, to be
14.35 cubic feet per second. In the previous section on
boundaries of the prototype, the discharge under the pre-
sent (1980) irrigation conditions is estimated to be about
3.63 cubic feet per second.

Under present (1980) conditions, water is diverted
for about 3,700 acres of irrilgated land. The previous sec-
tion on boundaries assumed a consumption use of 1.5
acre-feet per acre per year to estimate irrigation consump-
tion at about 7.67 cubic feet per second.

The net flow calculated as a residual (table 6) ranges
from 1.87 cubic feet per second from the ground- water
reservoir (using the Reiland-Koopman estimate) to 1.18
cubic feet per second to the ground- water reservoir (using
the second estimate). The two residuals appear quite dif-
ferent because they are each less than the error of estimat-
ing the other items in the water balance. A 20-percent
error in the estimate of the sum of the Pojoaque River dis-
charge and consumption by irrigation would result in a
difference of about 2.87 cubic feet per second using the
Reiland-Koopman estimate and 0.73 cubic foot per second
for present (1980) irrigation conditions. Assuming a 20
percent error in each item results in residuals ranging from
- 7.70 cubic feet per second to + 9.00 cubic feet per sec-
ond. Because of this uncertainty, any change in the re-
lationship between ground water and surface water from
pristine conditions to the present (1980) irrigation condi-
tion is not detected in the water balance.

From the above water balances, it seems reasonable
to conclude that the net flow between the Pojoague River
and its tributaries and the Tesuque aquifer sysiem is prob-
ably less than 5 cubic feet per second and could be either
to or from the aquifer system.




Table 7. Simulated steady-state flow rates at specified hy-
draulic-head boundaries.

[tt%s = cubic foot per second)

Location

Flow rawe

1o aquifer

Row Column Layer (ft315)
2 4 21 -0.8170
3 4 24 - 6055
4 5 20 -1.1390
5 6 19 - .R328
[ & 19 ~ .3%1
7 6 19 - .404]
8 [ 19 KT
9 6 I9 - 4280
10 6 19 - 4364
1t 6 19 — 4268
12 6 19 - 4250
13 6 19 - 4286
14 6 19 - 4914
13 6 i9 - .5052
16 6 19 - 5241
17 © 19 - 5456
1R ] 19 - 1.1329
19 s p ~1.0344
20 5 20 - .8202
21 4 20 —4.0078
22 4 2 -3.0804
23 4 20 ~3.1699
3 13 12 1.3444

3 12 13 1.2669

3 1 4 9599

4 10 15 (5194

4 9 t6 - 1299

4 R 17 ~ L4804

4 7 18 8998

22 14 11 ~1.2004
23 12 12 -~ .0lo8
23 2 13 - 0201
3 1 14 0149
23 10 15 - 2130
23 9 16 5167

23 8 17 = 6300

23 7 I8 - 6475

22 6 19 - 9872

23 s 20 - 0793

Flow Between Ground Water and Surface Water
Simulated by the Model

The model, as defined above, was used to simulate
a steady-state condition. The simulated steady- state flow
rates between ground water and surface water are shown
in table4 for specified-flow boundaries, table 7 for
specified-hydraulic-head boundaries, and table 8 for hy-
draulic-head dependent boundaries. All boundaries are
shown in figure 5. The simulated flow rates are given to a
precision that exceeds the predictive accuracy of the
model. This is done to be consistent with the flow rates
given in table4, where the values are given in the preci-
ston with which they were entered into the model.

Rio Grande

Discharge of ground water to the Rio Grande is
simulated as 22.06 cubic feet per second or about 0.5
cubic foot per second per mile. Because there is no
change in storage in a steady-state condition, recharge
must equal discharge. An estimate was made of the con-
tribution from each side of the Rio Grande in the model
by considering the recharge to that side as a percentage of
the total discharge. Recharge on the west of the Rio
Grande is about 12.76 cubic feet per second or 58 percent,
and recharge on the east is about 9.29 cubic feet per sec-
ond or 42 percent of the total discharge to the Rio Grande.
On the east of the Rio Grande, estimates were made of the
contributions from the Pojoague River basin, north of the
basin, and south of the basin.

Santa Cruz and Santa Fe Rivers

The Santa Cruz River, as represented in the model.
recharges 4.11 cubic feet per second to the ground- water
reservoir and discharges 1.50 cubic feet per second for a
net recharge of 2.61 cubic feet per second.

Table 8. Simulated steady-state flow rates at hydraulic-head
dependent boundaries

[fi%s = cubic foot per sccond]

Location Flow rate
River to aquifer
Row Column Layer reach e
9 18 7 1 1005
9 17 ¥ 1 L0
1 19 & 2 639
10 18 7 2 551
10 17 8 2 .039
i 18 7 3 536
n 17 ] 3 0
10 16 9 3 0
9 16 9 4 - (287
9 t5 10 4 - .10l
8 4 1 4 - 0}
9 13 12 4 016
9 12 13 4 - .o
16 22 3 5 41y
i7 22 3 o 551
16 21 4 7 - 62
15 20 5 7 066
15 19 6 7 064
14 18 7 7 - 078
14 17 8 ? 2
13 13 g 7 276
12 t5 10 7 4t
12 14 n 7 63
1 13 12 7 .083
10 12 13 7 044
9 H 14 8 090
10 10 15 8 - 181
10 9 16 8 198
Al 8 17 8 - 237
11 7 18 8 - 294
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Table 9. Water balance for the Pojoaque River and
tributaries using simulated flows from the digital model.

Flow, in

cubic feet
Description of flow per second
‘Fributary inflow! _______ Ll ieiaiaeio 16.90
Consumption by native vegem‘mn2 ...................... —1.10
Net flow to ground water® il -0.04
Evaporation from the river and riverbed® . _____.____.... -3.32

Poj River discharge® and ption by irrigation cal-

culated as aresidual ... ... oeooiiiiineniaas —12.44

' This value was represented 8s flow available for recharge to the ground-water reservoir as leak-
age from streams.

P ption by native
servaoir.

* Simulated by the digital modet.

* The sum of these values is calculated by the model as flow remaining in the Pojoaque: River.

fied flows from the ground-water re.

i is rep av sp

Recharge concentrated at the headwaters of Arroyo
Seco is simulated as 0.71 cubic foot per second. The net
recharge east of the Rio Grande and north of Pojoaque
River basin is 3.32 cubic feet per second or about 36 per-
cent of the total recharge east of the Rio Grande.

The Santa Fe River, as represented in the model, re-
charges 7.21 cubic feet per second to the ground- water
reservoir and discharges 4.35 cubic feet per second for a
net recharge of 2.86 cubic feet per second or about 31
percent of the total recharge east of the Rio Grande. This
is the only recharge south of Pojoaque River basin.

Pojoaque River and Tributaries

The remaining one-third of the recharge east of the
Rio Grande is simulated in the Pojoaque River basin. The
Pojoaque River and its major tributaries, as represented in
the model, recharge 4.25 cubic feet per second to the
ground-water reservoir. Discharge simulated by the model
includes 3.11 cubic feet per second to the Pojoaque River
and 1.10 cubic feet per second 1o native vegetation and is
nearly equal to the recharge. Recharge concentrated along
the mountain front in the Pojoaque River basin is simu-
lated as 3.07 cubic feet per second. The net recharge
simulated for the Pojoaque River basin is 3.11 cubic feet
per second or about 33 percent of the total recharge east
of the Rio Grande.

With the flows between the Tesuque aquifer system
and the Pojoaque River simulated by the model, the water
balance shown in table 6 can be restructured with the flow
from the Pojoaque River to the Rio Grande and consump-
tion by irrigation calculated as the residual (table 9). The
sum calculated from the steady-state simulation is 12.44
cubic feet per second, 13 percent less than the Pojoaque
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River discharge of 14.35 cubic feet per second estimated
by Reiland and Koopman (1975) and 10 percent more
than the sum of 11.30 cubic feet per second estimated in
the previous  section on boundaries of the prototype
(table 6). The flow remaining in the Pojoaque River is
simulated as 15.76 cubic feet per second. Allowing 7.67
cubic feet per second for irrigation and 3.32 cubic feet per
second for river and riverbed evaporation, the Pojoaque
River discharge to the Rio Grande is calculated to be 4.77
cubic feet per second, 30 percent more than the 5-year
median estimated from periodic measurements (table 6).

The simulated flow between ground water and sus-
face water is compatible with observed data. A more pre-
cise adjustment of the model is not justified by available
data.

CHANGES SUPERIMPOSED ON STEADY-
STATE CONDITION

The second stage of the simulation represents the
history of ground-water withdrawals. The historical with-
drawals and the resultant changes in hydraulic head and in
flow between ground water and surface water are pre-
sented first for the prototype and then as represented in
and simulated by the model. The projected withdrawals
for irrigation development are presented first as they may
occur in the prototype and then as they are represented in
the model. The simulated response to the withdrawals for
irrigation development is discussed in a separate section.

History in the Prototype

Two stresses have been applied to the Tesuque
aquifer system for a sufficiently long time to affect the
ground-water levels and streamflows in the modeled area.
These are irrigation and the municipal withdrawals at the
Los Alamos Canyon, Guaje Canyon, Pajarito Mesa, and
Buckman well fields.

Withdrawals

Historical irrigation has primarily diverted surface
water to irrigate lands near the principal streams: the
Pojoaque River, the Santa Cruz River, and the Rio
Grande. The effect of this irrigation on the ground-water
system is assumed to be negligible. The irrigation con-
sumes water which would otherwise be contributing to the
flow in the streams. The net ground-water contribution has
probably not changed significantly.

Ground-water withdrawals for the municipal supply
of Los Alamos have been made from the Los Alamos Ca-
nyon well field since 1947, the Guaje Canyon well field
since 1950, and the Pajarito Mesa well field (fig. 11) since




Table 10. History of withdrawals from the Los Alamos Canyon, Guaje Canyon, Pajarito Mesa, and Buckman well fields

|From Purtymun. 1978, appendiaz B for LA, G, and PM wells. From oral commenication with Public Service Company of New Mexico for B wells, Well locations shown an fig. |1}

Well
Yewr LA-l LA-IB LA-2 LA} LA4 LA-S LA§ Gi GIiA G2 G3 G4 G5 66 PM1 PMZI PM3 B3 B4 B85 BS6
1947 840 N6 649
1948 347 93 B1S 427 04 48
1949 267 4t 47 1S S8 958
1950 0.3 5.6 51.8 1649 (8181 167.9 2.3
1951 186 $2.1 669 1736 1824 2016 317 39 73 s 67
1952 34 463 86 1196 1096 1103 155 73 654 369 TS
1953 00 47.2 6.7 109.4 103.9 s 923 1056 764 552 3
1954 0.0 568 $1.3 72 801 1070 718 46 8.3 660 388 909
1955 9.7 9.4 48.7 4.5 973 108.0 70.5 3.0 188 694 22.7 0.4
1956 00 “l 421 1202 1045 1258 832 077 958 $19 B9 910
1957 0.0 29.6 2.\ 1054 6.0 102.4 559 8.0 6.0 0.2 242 641
1958 0.0 36l 336 110.3 899 106.9 68.4 925 801 68 359 4491
1959 0.0 0.7 350 1133 915 108 3 824 1027 846 M6 It6 10t.7
1960 0.0 363  SIL6 384 1456 191 1386 960 1228 966 B82S 3.0 90
1964 0.0 1247 “d M7 129.7 100.3 112.5 1¥X] 147.3 1053 799 450 M0
1962 00 (291 357 454 1293 1077 1294 936 1360 MR 87 4LT (420
1963 c.0 174 4.7 2.5 130.5 105.0 102.9 14 149.7 105.7 867 454 151.0
1964 0.0 1303 342 504 1550 1S (383 U138 1293 1053 786 429 0.4 450
1965 0.0 97.9 36.8 43,4 L4 0.8 103.8 90.7 tie.s 126 656 238 1Y N} 749 ”.2
1966 0.0 839 214 4.1 1ns.6 %) 104.0 102.6 i3}.4 947 7T N6 3.2 922 \08.0 is9
1967 0.0 LR 49 474 7. 19 5.4 [ A 913 616 3529 «8 0.0 S.3 110.0  370.0
968 00 740 L3 427 BT 633 e 789 10%2 665 565 314 812 562 661 IM2 (874
1969 0o 5.7 s 40.1 618 od.5 LIN) 68.1 90.7 68¢ 508 17.4 8).3 SS5.6 M 2189 2547
1970 0.0 7.7 7.2 “40 8).5 66.1 ”A 647 925 72.8 554 2.7 8.9 SL.O 66.2 06 7.8
1970 60 891 313 454 890 744 825 679 1118 874 642 210 883 422 1010 39S 26
91 0.0 13393 397 826 64 W2 661 940 T34 509 33 924 30 s sy waa () () (D) (M)
1973 00 872 467 203 924 683 906 615 819 724 413 32 915 653 465 3906 2518 2547 2182 00 247
1974 00 9 368 435 822 528 M98 623 927 820 493 M3 60 6.3 9.3 4509 53 7.0 W56 601 3687
l975‘ 0.0 T4.4 0.2 413 523 6.3 5.9 55.7 £5.3 748 431 410D 41 s6.7 4.8 385.3 269.3 2156 2380 247 294 9
1976 00 796 199 423 92 76 51 651 916 8.0 826 S18 950 578 1063 4420 2683 2903 3127 93 274
1977 00 842 425 411 964 148 $7.9 887 804 T8 624 921 544 (054 2728 55 259 M2 DO 2922

Toust production of field is 270 million galions, but no data for individual wells.

1965 (table 10). Total withdrawals from the three well
fields have ranged from 147 million gallons in 1947 to
1,691 million gallons in 1976.

Withdrawals from the Tesuque aquifer system in the
Buckman well field (fig. 11) provide some of the munici-
pal supply of Santa Fe. Estimates of these withdrawals
have been provided by the Public Service Company of
New Mexico (table 10). Withdrawals from the Buckman
well field have ranged from 270 million gallons in 1972
to 1,071 million gallons in 1974.

Change in Hydraulic Head

The response of the Tesuque aquifer system to with-
drawals in the well fields supplying Los Alamos has been
monitored in the production wells. The changes in water
levels have been recorded as changes in the average an-

nual nonpumping water level in production wells (Purty-
mun, 1978, appendix B). Depths of the water levels
below land surface are shown in table 11.

The response of the Tesuque aquifer system to with-
drawals made at the Buckman well field has been reported
as changes in depth to water in wells of the Buckman well
field. Depth to water measurements in Buckman Well No.
7 (B-7) provided by the Public Service Company of New
Mexico are shown in table 11,

Change in Flow between Ground Water and Surface Water

Effects of historical withdrawals on the flows be-
tween ground water and the surface water or on water
Jevels in Pojoaque River basin have not been quantified.
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Table 11. Measured depths to water in wells of the Los Alamos Canyon, Guaje Canyon, Pajarito Mesa, and Buckman well

fields

[From Purtymun, 1978, Appendix B for LA.G. and PM wells. From oral communication with Public Service Company of New Mexico for well B-7.
Well location shown in figure 11 first measurement in each columnn indicates year well was drilled.)

well
Year LA-1 LA 1B LA-2 LA-3 LA-4 LA-S LA-6 G-t G-1A G-2 G-3 G-4 G-5 G- PM-t PM-2 PM-3 B-7
1947
1948
1949
1950 19.0 59.0 97.0 27180 3.0 83.0 195.0
1951 59.0 [ERK!] 1He.o 285.0 162.0 1ns.0 202.0 259.0 281.0 asno 414.0
1952 40.0 1010 94.0 267.0 147.0 108.0 2130 275.0 3100 3740 4220
1953 36.0 0.0 103.0 264.0 141.0 95.0 2.0 290.0 o 380.0 425.0
1954 4.0 116.0 t01.0 255.0 137.0 9.0 221.0 291.0 3o 3830 4290
1955 5t0 110.0 91.0 268.0 145.0 970 2260 265.0 299.0 3160 1780 427.0
1956 330 840 74.0 273.0 150.0 106.0 235.0 7.0 3100 324.0 77.0 431.0
1957 330 s30 56.0 270.0 150.0 107.0 236.0 2714.0 e 324.0 o 424.0
1958 10.0 60.0 430 2700 151.0 108.0 238.0 9.0 3150 3.0 370.0 428.0
1959 130 no s4.0 275.0 155.0 its5.0 245.0 284.0 3200 326.0 37180 435.0
1960 13.0 1.0 76.0 080 290 1680 1300 2540 2910 3280 3350 3850 4370
1961 59.0 540 1010 85.0 296.0 165.0 1290 260.0 280 316.0 3430 383.0 4380
1962 8.0 720 1o 91.0 286.0 172.0 135.0 2589 250 338.0 348.0 386.0 420.0
1963 9.0 74.0 127.0 810 280.0 1700 125.0 265.0 301.0 344.0 3520 388.0 a0
1964 95.0 81.0 1370 104.0 w0 184.0 1320 2680 302.0 46,0 550 396.0 4460 s8L.0
1965 76.0 63.0 121.0 9.0 2790 180.0 120.0 268.0 302.0 3460 350.0 394.0 443.0 582.0 746.0
1966 70.0 50.0 108.0 810 5.0 180.0 129.0 269.0 306.0 349.0 353.0 391.0 445.0 585.0 740.0 826.0
1967 520 9.0 7.0 86.0 278.0 168.0 1180 266.0 3020 3440 3440 388.0 444.0 580.0 731.0 8140
1968 420 320 64.0 820 280.0 161.0 109.0 264.0 302.0 344.0 341.0 386.0 443.0 574.0 735.0 838.0 743.0
1969 38.0 220 50.0 58.0 282.0 161.0 109.0 266.0 303.0 344.0 338.0 82.0 450.0 568.0 733.0 838.0 746.0
1970 170 220 590 55.0 286 0 157.0 106.0 264.0 300.0 3430 336.0 3840 453.0 $68.0 733.0 839.0 750.0
1971 51.0 310 83.0 77.0 287.0 155.0 t19.0 258.0 030 345.0 342.0 389.0 450.0 513.0 733.0 841.0 751.0
1972 49.0 3o 96.0 3.0 282.0 153.0 117.0 264.0 302.0 u80 3410 3910 a41.0 578.0 735.0 845.0 752.0
1973 550 37.0 106.0 65.0 294.0 156.0 (18.0 mo 302.0 344.0 3410 392.0 4440 579.0 736.0 8490 755.0 124.2
1974 53.0 35.0 109.0 73.0 286.0 154.0 120.0 2830 307.0 .0 342.0 90 440.0 579.0 740.0 853.0 756.0 160.1
1975 58.0 42.0 103.0 80.0 2720 149.0 113.0 293.0 304.0 1.0 3410 403.0 433.0 577.0 741.0 854.0 7.0 200.0
1976 69.0 50.0 e BB.O0 277.0 150.0 96.0 302.0 334.0 374.0 406.0 4420 584.0 744.0 866.0 758.0 2396
1977 74.0 7.0 Isgo 890 2780 1470 820 250 3020 3460 3680 4060 4440 5860 7450 868.0 7580 2035

History Represented in the Model

The second stage of the simulation begins in 1947
with the first withdrawals from the Los Alamos Canyon
wells and continues through 1980. The simulation of his-
torical withdrawals was superimposed on the steady-state
condition described previously. The historical withdrawals
are represented in the model as an additional specified-
flow boundary condition. The response simulated by the
mathematical model is presented with a precision that ex-
ceeds the accuracy of the model in order to show the mag-
nitude of small simulated changes.

Withdrawals

To extend the historical phase of the simulation
through 1980, the withdrawals through 1980 are esti-
mated. For the Buckman wells, the withdrawals from
1977 through 1980 are assumed to continue at the 1977
rate (table 10). Total production in 1977 from the well
fields supplying Los Alamos was the smallest since 1970.
This reduction is believed to be temporary: the withdraw-
als from 1978 through 1980 are assumed to continue at the
1976 rate (table 10).
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Change in Hydraulic Head

Two characteristics of the data need to be considered
in evaluating the comparison between simulated and histori-
cal changes in water level. First, the model simulates the
change in water level relative to the steady-state water level
for the entire cell in response to the average annual withdraw-
als. Because the points of withdrawal are distant from the
Pojoaque River basin, the simulated withdrawals are from
very large cells; some of the cells are approximately 3 miles
across. As aresult, the simulated water level should approxi-
mate only the general downward trend of the historical
water-level changes; seasonal responses are not simulated.
Second, in the wells supplying Los Alamos, the water level
is the annual average of nonpumping water levels measured
in the production wells. These water levels represent the av-
erage of several measurements in a production well after it
has stopped withdrawing water for some time. Because the
wells are used in production, the nonpumping water level
fluctuates in response to a variety of factors including the
length of time during which withdrawals were made, the rate
of withdrawal before the pumping was stopped, and the
length of time the well has been allowed to recover before
the measurement was made. In spite of these variations,
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Figure 12. Comparison between decline in hydraulic head
simulated at row 13, column 5, layer 19 of the mathematical
model and declines in nonpumping water levels measured in
wells LA-1, LA-1B, LA-2, and LA-3.

long-term trends can be observed in the nonpumping water
levels (table 11). Because of these factors, measurements
during years in which withdrawals are small may be more
representative than other years of the aquifer system in the
vicinity of the well.

The graphical comparison of simulated and histori-
cal declines in water level is facilitated by shifting the
datum for the vertical scale. In figures 12-20, the datum
for the historical declines in water level is shifted verti-
cally to where the simulated response forms an upper en-
velope for all values. For example, in figure 12 the datum
for nonpumping water levels for well LA-1 was shifted
vertically to where the water level for 1960 coincides with
the curve showing simulated water-level declines; all other
water levels for well LA-1 are below the curve. Similarly,
the datum for nonpumping water levels for well LA-2 was
shifted vertically to the position where the water level for
1969 coincides with the curve showing simulated water-
level declines; all other water levels for LA-2 are below
the curve.

The declines in nonpumping water levels measured
in wells LA-1, LA-1B, LA-2, and LA-3 (table 11) in the
Los Alamos Canyon well ficld were compared with the
water-level declines simulated in row 13, column 5, layer
19 of the model (fig. 12). This cell measures 1 mile by
1.5 miles by 650 feet thick. Some of the difference be-
tween observed and simulated declines appear to be due
to the measurements being made in a production well. The
sags in measured water levels (fig. 12) correspond approx-
imately to periods of large withdrawals (table 10); from

1950 through 1954 the withdrawals from LA-3 were large;
during 1960 withdrawals from well LA-1B were started;
and during 1971 withdrawals from well LA-2 were in-
creased after 4 years of relative nonuse.

The declines in nonpumping water levels in well
LA-4 (table 11) in the Los Alamos Canyon well field were
compared with the water-level declines simulated in row
15, column 4, layer 20 of the model (fig. 13). This cell
measures | mile by 2 miles by 975 feet thick. The peak
withdrawal years (table 10) of 1950, 1951. 1960, and
1964 correspond to sags in the measured water levels (fig.
13).

The declines in nonpumping water levels in well
LA-5 (table 11) in the Los Alamos Canyon well ficld were
compared with the water-level declines simulated in row
14, column 4, layer 20 of the model (fig. 14). This cell
measures | mile by 2 miles by 975 feet thick. As the an-
nual discharge ranged from 80.1 to 187.4 million gallons
from 1950 through 1964 (table 10), the sag in measured
water levels gradually increased (fig. 14). As the annual
discharge decreased to a range of 50.5 to 79.3 million gal-
lons from 1965 through 1977 (table 10), the sag in mea-
sured water levels gradually decreased (fig. 14).

The declines in nonpumping water levels in well
LA-6 (table 11} in the Los Alamos Canyon well field were
compared with the water-level declines simulated in row
14, column 5, layer 19 of the model (fig. 15). This cell
measures | mile by 1.5 miles by 650 feet thick. The rapid
rise in measured water levels during 1976 and 1977 (fig.
15) corresponds to the period in which the well was
placed on standby (Purtymun, 1978, p. 11) and withdraw-
als ceased (table 10).
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Figure 13. Comparison between decline in hydraulic head
simulated at row 15, column 4, layer 20 of the mathematical
model and decline in nonpumping water level measured in
well LA-4.
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Figure 14, Comparison between decline in hydravlic head
simulated at row 14, column 4, layer 20 of the mathematical
model and decline in nonpumping water level measured in
well LA-5.

The declines in nonpumping water levels in wells
G-]1 and G-1A (table 11) in the Guaje Canyon well field
were compared with the water-level declines simulated in
row 13, column 4, layer 20 of the model (fig. 16). This
cell measures 1 mile by 2 miles by 975 feet thick. The
rate of decline in water level from about 1954 through
about 1964 is about the same for measured and simulated
data (fig. 16). However, the simulated water levels show
an increase of about 15 feet by 1980 that is not apparent
in the measured water-level data (fig. 16). There is no ob-
vious correlation between the annual withdrawals (table
10) and the difference between measured and simulated
water levels (fig. 16).
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Figure 15. Comparison between decline in hydraulic head
simulated at row 14, column 5, layer 19 of the mathematical
model and decline in nonpumping water level measured in
well LA-6.

30 Mathematical Model of the Tesugque Aquifer System, N. Mex.

T T T
10 E
-
al
SE& o o b
£
=
o= 0r -
S °
éd a0 A A
=4 oo
ZY wof o O ]
o« a
gy
5 T oy & 4 7
E
g or ° 7 tan, 080p%008 p00
=% wf %0 o 7]
" °
Eg 0wk oooo°°°° [ ]
= °
& 3 o} o
o} o 4
[T o) R - L L Q
Tees 1830 1960 1970 "0
EXPLANAT (OM

Mote: Datum shiftsd to fac)litats comparison
e S1MULATED DECLINE 1k HYDRAULIC HEAD

MATER LEYELS 1M WELLS (LOCATIONS SMOWMN
1N FISURE 11)

O G-1
O G-

Figure 16. Comparison between decline in hydraulic head
simulated at row 13, column 4, layer 20 of the mathematical
model and declines in nonpumping water levels measured in
wells G—1 and G-TA.

The declines in nonpumping water levels in wells
G-2, G-3, G-4, G-5, and G-6 (table 11) in the Guaje Ca-
nyon well field were compared with the water-level de-
clines simulated in row 13, column 3, layer 21 of the
model (fig. 17). This cell, which measures 1 mile by 3
miles by 1,300 feet thick, is a water-table cell with a satu-
rated thickness of about 1,170 feet under steady-state con-
ditions. The measured water levels of wells G-4, G-5, and
G-6 follow the trend of the simulated water-level declines
more closely than do the measured water levels for wells
G-2 and G-3 (fig. 17).

The declines in nonpumping water levels in wells
PM-1 and PM-3 (table 11) in the Pajarito Mesa well field
were compared with the water-level declines simulated in
row 16, column 3, layer 21 of the model (fig. 18). This
cell, which measures 1 mile by 3 miles by 1,300 feet
thick, is a water-table cell with a saturated thickness of
about 1,150 feet under steady-state conditions. After 1969
the simulated declines in water level closely approximate
the measured declines (fig. 18).

The declines in nonpumping water levels in well
PM-2 (table 11) in the Pajarito Mesa well field were com-
pared with the water-level declines simulated in row 18,
column 3, layer 21 of the model (fig. 19). This cell,
which measures 1.5 miles by 3 miles by 1,300 feet thick,
is a water-table cell with a saturated thickness of about
1,140 feet under steady-state conditions.
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Figure 17. Comparison between decline in hydraulic head
simulated at row 13, column 3, layer 21 of the mathematical
model and declines in nonpumping water levels measured in
wells G~2, G~3, G4, G-5, and G-6.

The declines in water ievels in well B-7 (table 11)
in the Buckman well field were compared with the water-
leve! declines simulated in row {7, column 7, layer {7 of
the model (fig. 20). This cell measures 1 mile square by
650 feet thick,

As anticipated, the simulated water-level declines
reflect the general trend of changes in measured water
levels, but the short-term responses are severely damped.
The agreement is best during periods of small withdrawal
rates.
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Figure 18. Comparison between decline in hydraulic head
simulated at row 16, column 3, layer 21 of the mathematical
model and declines in nonpumping water levels measured in
wells PM-1 and PM-~3.
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Figure 19. Comparison between decline in hydraulic head
simulated at row 18, column 3, layer 21 of the mathematical
model and decline in nonpumping water level measured in
well PM-2,

Simulated changes in hydraulic head in the
Pojoaque River basin vary from negligible along the
mountain front to a few feet just east of the Rio Grande.
Near San lidefonso Pueblo, the hydraulic head simulated
at the water-table cell declined about 2 feet and the hy-
draulic head simulated at the underlying artesian cell de-
clined about 4 feet from 1946 through 1980.
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Figure 20. Comparison between decline in hydraulic head
simulated at row 17, column 7, layer 17 of the mathematical
model and decline in water level measured in well B-7.
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Change in Flow between Ground Water and Surface Water

The simufated change in fiow between ground water
and surface water is concentrated in the simulated dis-
charge to the Rio Grande, which decreases from 22.06
cubic feet per second in steady-state condition to 21.04
cubic feet per second in 1980. This decrease of 1.02 cubic
feet per second is only about 2 percent of the minimum
streamfiow of 60 cubic feet per second and less than 0.1
percent of the average streamflow recorded for the Rio
Grande at Otowi Bridge.

The net flow from the Santa Cruz River to ground
water is simulated to increase from 2.61 cubic feet per
second in steady-state condition to 2.65 cubic feet per sec-
ond in 1980.

Ground-water discharge to the Pojoaque River is
simulated to decrease from 3.11 cubic feet per second in
steady-state condition to 3.06 cubic feet per second in
1980. Recharge from the Pojoaque River is simulated to
remain the same as in steady-state condition, 4.25 cubic
feet per second.

Simulated flow from the Tesuque aquifer system to
the Santa Fe River declined from 4.35 cubic feet per sec-
ond at steady-state condition to 4.34 cubic feet per second
in 1980. Changes of these magnitudes would be difficult
to observe by direct measurement.

Projected Withdrawals and Diversions in the
Prototype

The U.S. Bureau of Indian Affairs has proposed
that the water resources of Pojoaque River basin be used
for the development of irrigation. To evaluate the impact
of such a development. the Bureau has projected the
ground-water withdrawals and surface-water diversions
during the next 100 years for two alternative conditions.
The null future condition is one of no development; histor-
ical withdrawals are continued, but no additional with-
drawals or diversions are projected. The alternative future
condition includes withdrawals and diversions for a tribal
irrigation development, irrigation of nontribal land. and
supply for additional municipal. industrial, and domestic
demand in addition to continued historical withdrawals.

The projection of historical stresses assumes no
change in stress. Withdrawals from the Los Alamos Ca-
nyon, Guaje Canyon, and Pajarito Mesa well fields were
assumed to continue at the 1976 rate (table 10). With-
drawals from the Buckman well field were assumed to
continue at the 1977 rate (table 10). Total projected with-
drawals are 11.24 cubic feet per second.

The alternative future condition projects a net with-
drawal of 28.39 cubic feet per second in addition to the
11.24 cubic feet per second for continued historical with-
drawals, for a total withdrawal of 39.63 cubic feet per
second. The additional withdrawals of 28.39 cubic feet
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per second include 25.06 cubic feet per second (88 per-
cent) for irrigation of tribal land, 2.99 cubic feet per sec-
ond (1! percent) for irrigation of nontribal land, and 0.33
cubic foot per second (| percent) for increased municipal
and domestic demands.

The plan for the tribal irrigation development in-
cludes surface-water diversions to canals from the major
tributaries of the Pojoaque River. During periods of low
surface-water flow, the flow of the canals would be au-
gmented by ground water. Farms along the canals would
draw water from the canals for imigation. Farms distant
from the canals would draw water from the Tesuque
aquifer system. A total of 11,337 acres is proposed to be
irrigated with 37.45 cubic feet per second withdrawn from
ground water and 10.68 cubic feet per second diverted
from the tributaries of Pojoaque River: 8.59 cubic feet per
second from Rio Nambe, 0.84 cubic foot per second from
Rio enMedio, 0.17 cubic foot per second from Rio
Chupadero, and 1.08 cubic feet per second from Rio
Tesuque.

Some fraction of water delivered to the irrigated
land will infiltrate below the root zone. This water may
seep into a unit of the Tesuque Formation that is underlain
by a unit that has little permeability. Flow along this unit
may carry the water to a surface-discharge point or to the
regional ground-water system. If the underlying less
permeable unit is not continuous, the water may descend
to a deeper less permeable unit. Water that is returned to
the regional ground-water system is called return flow.
The irrigation development plan estimates that 12.39 cubic
feet per second, about 26 percent of the water used for ir-
rigation, will be return flow. therefore, the net withdraw-
als from ground water for irrigation of tribal lands will be
25.06 cubic feet per second.

In addition to the irrigation development plan. the
projected stress includes the irrigation of nontribal lands.
The plan calls for a total of 2.628 acres of nontribal lands
to be irrigated with 8.43 cubic feet per second withdrawn
from ground water and 2.46 cubic feet per second diverted
from the tributaries of the Pojoaque River; 1.86 cubic feet
per second from Rio Nambe, 0.11 cubic foot per second
from Rio enMedio, 0.13 cubic foot per second from Rio
Chupadero, and 0.36 cubic foot per second from Rio
Tesuque. Return flow from these lands is estimated to be
5.44 cubic feet per second, about 50 percent of the water
used for irrigation; therefore, the net withdrawals from
ground water for irrigation of nontribal lands will be 2.99
cubic feet per second.

Withdrawals for municipal, industrial. and domestic
water supply also are projected to increase. The plan calls
for a total of 0.46 cubic foot per second to be withdrawn
from ground water 1o meet these increased demands. Re-
turn flow is estimated to be 0.13 cubic foot per second,
about 28 percent of the withdrawals; therefore, the net




withdrawals from ground water for increased municipal.
industrial, and domestic water supply will be 0.33 cubic
foot per second.

Projected Withdrawals and Diversions
Represented in the Model

The representation of the projected withdrawals and
diversions in the digital model makes several simphfica-
tions to the plan as it might be implemented in the pro-
totype. The effect of these simplifications on the general
response during several years probably is negligible.

Some simplifications result from the network of dis-
crete cells used to represent the Tesuque aquifer system.
Withdrawals are represented as a specified-flow boundary
condition at the center of the cell. In the area of interest
the cells are | mile square by 650 feet thick. The upper
cell contains the water surface and has a saturated thick-
ness of about 300 feet. The representation of withdrawals
and return flow is shown in figure 21 for a typical cluster
of cells representing the Tesuque aquifer system. Wil
drawals are represented in the model at the cell represent-
ing the Tesugue aquiter system from about 300 to 950 feet
below the water surface. Return flow is represented at the
node in the cell representing the water surface. If the irri-
gated area is represented by two or more cells, the return
fiow is apportioned among the cells containing the water
surface (fig. 21).

Additional simplifications result from holding the
withdrawals constant through time. The withdrawals are
represented as beginning in 1981 and continuing uninter-
rupted for 100 years. There is no period of gradual de-
velopment as individual wells or diversions are con-
structed. There are no periods of relatively small with-
drawals because of timely precipitation or abundant
streamflow. There are no periods of relatively large with-
drawals because of low streamflow. There are no cycles
of drawdown and recovery because of the withdrawals
being concentrated during an irrigation season.

The withdrawals as represented in the digital model
(table 12; fig. 22) include not only those directly as-
sociated with the tribal irrigation plan but also withdraw-
als for irrigating nontribal lands and withdrawals required
to meet projected municipal, industrial, and domestic de-
mands. Some of the sites of nontribal withdrawals (wells
B-19A, D-11A. D-12A. D-13A, E-10A. E-11A, and E-
13A) are located outside the boundaries of the model.
These withdrawals were represented in the model by with-
drawals at the nearest cell to the mountain front.

Withdrawals for the irrigation development rep-
resented in the model total 28.41 cubic feet per second,
which is 0.02 cubic foot per second more than the total

a) PLAN VIEW
e— I mile -
imile . .
direction
A - -8 of dip

irrigated [ o]
t':?eof -~ well

b) SECTION AB

A
[——40 percent of return flow
T L water
\“:q ace B
T | —-60 percent of return flow
650 feet L4 = — —

| -withdrowals

f—1 mite —+}

Figure 21. Representation of withdrawals and return ilow in
a typical cluster of celis representing the Tesuque aguifer sys-
tem.

previously estimated for the prototype. The 0.07 percent
difference due to round-off error is negligible.

In addition to the withdrawals and return flows. the
model is stressed by decreasing the flow of the tributaries
to the Pojoaque River by the amount to be diverted in the
plan proposed by the U.S. Bureau of Indian Aftairs. For
Rio Nambe, the flow was decreased from 10.59 cubic feet
per second to 0.14 cubic foot per second, for Rio enMedio
from 2.40 cubic feet per second to 1.45 cubic feet per sec-
ond. for Rio Chupadero from (.54 cubic foot per second
to 0.24 cubic foot per second, and for Tesugque Creek
from 2.82 cubic feet per second to 1.38 cubic feet per sec-
ond.
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Figure 22. Location of wells and canals of the irrigation development plan.
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Table 12. irrigation development plan as represented in the
model

EXPLANATION

Well number: Wetl location and well-numbering key are shown in fip. 22. Blank spaces 1n last
column indicate water not used for irrigation,
Type of srress:
3-return flow of 0.002072 cubic foot per second per acre of nontribal irrigation;
4-withdrawal of 0.004204 cubic foot per second per acre of tribal irmigation.
S—retum flow of 0.001093 cubic foot per second per acre of tibal irrigation;
6-same as 4;
7-same as §;
8-withdruwal of 0.06906 cubic foot per second to supplement surface water diverted
from Rio en Medio for tribal irrigation;
9-withdrawal of 0.1174 cubic foot per second to supplement surface water divested
from Rio Chupadero for tribal irrigati
10-withdrawal of 0.2521 cubic foot per second on Nambe Pueblo Grant to supple-
ment surface water divenied from Rio Nambe for tribal irrigation along canal
1;
—withdrawal of 0.2486 cubic foot per second to supplement surface water diveried
from Rio Nambe for tribal irrigation along canal 2;
t2-withdrawal of 0.1844 cubic foot per second on Pojoaque Puebio Grant to sup-
plement surface water diverted from Rio Nambe for tribal isrigation aiong canal
B
13-withdrawal of 0.1747 cubic foo! per second on San lldefonso Pueblo Grant to
supplement surface water diverted from Rio Nambe for tribal imrigation afong
canal 1;
14-withdrawal of 0.2659 cubic foot per second to supplement surface waler diverted
from Rio Tesuque for tribal imigation along canal 3;
15-withdrawal of 0.2659 cubic foot per second to supplement surface water diverted
from Rio Tesuque for tribal irmgation along canal 4:
17-withdrawal for projected increase in icipal/d: ic d d—(acre- feet of
withdrawals);
18—return flow of 28 percent of projected i in icipal ic d d-
(return flow is 28 percent of this number of acre-feet):
21-withdrawal of 0.003228 cubic fool per second per acre of nontribal irrigation to
supplement surface water diverted from Rio Nambe:
22-withdrawal of 0.001945 cubic foot per second per acre of nontribal irrigation to
supplement surface water diverted from Rio en Medio:
23- withdrawal of 0.003239 cubic foot per second per acre of nontribal irrigation 10
supplement surface water divented from Rio Chupadero;
24~withdrawal of 0.003259 cubic foot per second per acre of nontribal irrigation to
supplement surface water divented from Rio Tesuque.

Location in model

Well Type of Imgated
number Row Column Layer stress acres
NwW-0! it 14 10 4 63
Nw-01 t 14 n 5 33
NW-01 it 15 10 5 3
Nw-02 10 18 6 4 46
NW-02 10 I8 7 5 45
NwW-02 9 18 7 5 1
NwW-03 10 14 10 6 27
NW-03 10 ] 11 7 20
NW..03 10 15 10 7 7
NW-04 10 15 Y 4 54
NW-04 10 5 10 5 30
NW-04 3} 15 10 5 9
NwW_04 10 16 9 s 15
NW-05 9 14 10 4 [
NW-05 9 14 1" 5 32
NW-05 9 13 12 5 32
NW-06 9 14 10 4 68
NW-06 9 14 1 5 60
NW-06 8 14 1 5 8
Nw-07 9 14 1] 4 54
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Table 12.

madel—Coantinued

Irrigation development plan as represented in the

Location in model
Well Type of Irrigated
number Row Column Layer stress acres
NW-07 9 4 [} s 30
NW-07 9 15 10 5 24
NW-08 9 15 9 4 76
NW-08 9 15 10 5 70
NW-08 10 15 10 5 6
NW-09 8 16 8 a4 K
NwW-09 8 16 9 S 63
NwW-09 R [ 3] 10 5 7
NwW-09 7 16 9 s 9
NW-10 6 15 9 4 54
NW-10 6 15 10 5 St
NW-10 6 16 9 5 3
NW-11 6 15 9 4 85
NW-11 6 15 10 5 70
NwW-I1 6 4 11 5 10
NW-11 6 16 9 5 5
NW-12 6 16 8 4 64
NW-12 6 16 9 L) 64
Nw-13 6 14 10 4 88
NW-13 6 14 1 5 88
NW-14 6 14 10 4 96
NW-14 6 14 8 S 86
NW-14 6 1) 10 5 10
NW-15 5 15 9 4 80
NW-15 5 15 10 5 40
NW-15 6 15 10 s 30
NWwW-=15 5 16 9 5 10
Nw-16 5 15 9 4 30
NW-16 5 15 10 s 10
NW-16 5 i6 9 5 20
NB-01 9 18 7 5 12
NB-02 9 17 8 5 70
NB-03 9 17 8 5 26
NW-17 9 n 7 10
NW-18 9 16 8 10
Nw-19 9 16 8 10
NW-20 9 16 8 10
Nw-21 9 16 8 10
NwW-22 8 5 9 10
NW-23 8 15 9 10
NWw-24 8 s 9 10
NW-25 8 15 9 10
NW-26 7 14 10 10
NB-04 9 17 8 5 12
NB-04 9 16 9 5 4
NB-05 9 17 8 5 15
NB--05 9 16 $ 3 5
NB-06 9 16 9 5 6
NB-07 9 16 9 5 2
NB-08 9 16 9 5 21
NB-08 9 17 8 5 5
NB-08 8 16 9 5 2
NB-08 8 17 8 5 !
NB-09 9 16 9 5 6
NB-10 9 16 9 5 9
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Table 12.

irrigation development plan as represented in the
model—Continued

Table 12. irrigation development plan as represented in the

model—Continued

Welt

Location in modet

Location in model

Type of irrigated Well Type of lrrigated

number Row Column Layer stress acres number Row Column Layer stress acres
NB--11 9 16 5 s 22 NB-39 7 13 2 s 13
NB-12 9 16 9 s 13 NB-39 6 13 12 5 90
NB-13 9 16 9 5 30 NW-31 1)) 17 7 8

NB-14 9 16 9 5 23 NW--32 9 16 8 ]

NB-14 9 15 o 5 2 NB-40 11 18 7 5 28
NB-15 9 16 9 s 3 NB-40 It 19 [} 5 8
NB-15 9 15 10 5 5 NB-41| 10 18 7 7 2
NB-16 9 15 10 5 12 NB-41 n 18 7 7 2
NB-17 9 15 10 3 6 NB-42 10 i7 B 5 50
NB-17 8 15 10 5 4 NB-42 9 17 8 5 38
NB-18 8 15 10 5 9 NB-42 9 16 9 N 2
NB-18 9 15 10 s 10 NB-42 10 18 7 5 10
NB-19 g 15 10 5 35 NB-42 g i8 7 5 1
NB-19 8 16 9 5 44 NB-43 9 16 9 5 44
NB- 20 8 15 10 S 107 NB_43 9 1 8 s 3
NB-21 8 15 10 5 53 NB-43 10 17 8 5 3
NB-21 8 14 1 s 14 NB-44 9 16 9 5 18
NB-22 8 15 10 5 15 NW-313 10 16 8 9

NB-22 8 16 9 5 20 NB—45 10 16 9 7 28
NB-22 7 16 9 5 g NB-46 10 16 9 5 12
NB-22 7 1§ 10 s 7 NB-46 9 16 9 5 8
NB-23 8 15 10 5 g NB-46 9 15 10 5 20
NB-24 7 15 10 H 15 NW-34 8 14 10 17 's0
NB-24 7 16 9 - 6 NW-34 8 14 1 18 250
NB-25 8 15 10 5 17 PW-01 12 10 14 4 46
NB-25 7 15 10 5 18 PW-.01 12 11 14 s 15
NB-26 8 15 10 5 30 PW-01 12 10 15 5 16
NB-26 8 14 3 s 123 PW-01 1] 10 15 s 15
NB-26 7 14 1] s 10 PW-02 12 t1 13 4 63
NB-27 7 4 n 5 47 PW-02 12 1 14 5 20
NB-27 R 14 11 s 39 PW_02 11 1 14 s 43
NB-28 7 4 1t 5 15 PW.-03 tl 12 i2 4 88
NB-28 7 15 10 5 10 PW-03 1t 12 13 5 45
NB-29 7 14 1 5 20 PW- 03 12 12 13 5 5
NB-29 7 15 10 5 3 PW-03 11 11 14 5 38
NB--30 T 14 1 5 67 PW-04 it 12 12 4 90
NW-27 7 14 10 ] PW-04 11 12 13 5 0
NW-28 7 13 1 11 PW_04 1 13 12 5 25
NW-29 7 13 1 3} PW-04 10 12 13 5 5
NW-30 7 13 ¥ 11 PW-05 1 13 1 4 33
NB-31 7 14 n 5 27 PW-05 i 13 12 s 41
NB-31{ 7 13 12 s 10 PW-05 11 14 13 5 12
NB-3) 8 14 " 5 6 PW-06 3 14 10 4 n
NB-32 7 14 11 5 18 PW_06 ¥l 14 11 5 55
NB-33 7 14 11 5 70 PW-06 10 14 1 5 17
NB-33 7 13 i2 5 10 PW-07 10 14 1o 4 89
NB-33 6 14 11 ) 3 PW-07 10 14 1" 5 17
NB-34 7 13 12 5 7 PW-07 1 13 12 5 19
NB-35 7 13 12 5 3 PW-07 1l i4 1t s 15
NB-36 7 13 12 5 19 PW-07 10 13 12 5 38
NB-37 7 13 12 s 50 PW-08 i 1 13 4 74
NB-37 7 14 1N 5 4 PW-08 1 1 14 5 30
NB-38 7 13 12 5 57 PW-08 1 12 13 5 25
NB-38 6 14 " 5 6 PW-08 10 1 14 5 19
NB-38 6 13 2 S 65 PW.-09 10 12 12 4 33

Changes Superimposed on Steady-State Condition
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Table 12. (rrigation development plan as represented in the Table 12. irrigation development plan as represented in the
model—Continued model—Continued
Location in model Location in model

Well Type of Irrigated Well Type of Imrigated
number Row Column Layer stress acres number Row Column Layer stress acres
PW-09 -10 RV 13 5 22 PW-26 7 1 14 5 40
PW-09 1 12 13 5 1 PW-26 8 I 14 5 40
PW_10 10 12 12 4 60 PW-26 7 10 15 5 s
PW-10 10 12 13 s 50 PW-27 7 " 13 4 50
PW_10 10 n 14 5 10 PW-27 7 1 14 5 %
PW- 11 10 12 12 a 31 PW-28 7 12 12 4 37
PW-11 10 12 13 s 17 PW_28 7 12 13 5 30
PW-i1 10 13 12 5 14 PW-28 6 12 13 5 7
PW-12 10 13 i 4 8s PW-29 7 12 12 12
PW-12 10 13 12 5 70 PW-30 7 12 12 12
PW 12 9 13 12 s 15 PW-31 8 1 13 12
PW-13 9 12 12 6 73 PW-32 10 to 14 12
PW-13 9 12 13 7 25 PB-0! 7 12 13 5 kK]
PW-13 10 12 13 7 38 PR-O1 8 12 13 5 50
PW-13 10 13 12 7 10 PB-0I 8 13 12 5 i0
PW-14 9 13 1 4 110 PR-02 7 2 13 5 29
PW-14 9 13 12 5 105 PB-02 8 12 13 5 10
PW-14 9 12 13 5 s PB-03 8 12 13 5 52
PW_15 10 10 14 4 s5 PB-03 7 12 13 5 s
PW-15 10 10 15 s 20 PB-04 7 12 13 5 10
PW-15 10 9 16 5 30 PB-04 8 12 13 s 50
PW-15 9 9 16 s 5 PB-0S 7 12 13 ] 32
PW-16 9 ”? 12 6 72 PR-05 7 1 14 s 4
PW-16 9 12 13 7 60 PB-06 8 12 13 ] 3
PW_16 9 n 14 7 12 PB-06 7 12 13 5 5
PW-17 9 12 12 4 72 PB-06 7 1 14 5 s
PW-17 9 12 13 5 72 PB-07 8 u 14 s 16
PW-18 9 12 2 4 ) PB-07 8 12 3 5 50
PW-18 9 12 13 5 40 PB-08 8 1 14 5 53
PW-18 9 13 12 s 36 PB-08 ] 12 13 5 5
PW-19 9 10 14 4 106 PB-OR 7 1 14 5 2
PW-19 9 10 15 5 106 PB-09 8 1 14 5 43
PW-20 9 10 14 4 118 PB-09 7 1 14 s 21
PW-20 9 10 15 5 78 PB-10 9 1t 14 5 12 .
PW-20 8 10 15 s 25 PB-11 10 10 15 5 10
PW-20 9 1 14 s 15 PB-1I 10 n 14 5 39 i
PW-2! 8 10 14 4 81 PB-11 1 1 1a 5 s |
PW-21 8 10 15 5 29 PB-12 10 10 15 s 7
PW-2] 9 10 15 s 15 PB-12 1 0 15 5 27
PW-21 9 n 13 s 32 PB-12 1 1 14 5 EX]
PW-21 8 n 14 5 5 PB-13 u 10 1$ 5 89
PW-22 8 10 14 4 19 Pw-33 10 12 12 17 166
PW-22 R 10 15 s 75 PW-33 10 12 13 18 266
PW-22 3 1 1a 5 19 PW-34 8 12 12 17 '15
PW-22 9 1 Ia s 5 PW-34 ] 12 13 18 s
PW-23 8 10 14 4 98 SW-02 13 7 17 4 81
PW-23 8 10 15 5 80 Sw-02 13 7 18 5 40
PW-23 7 10 15 5 18 Sw-02 14 7 18 5 3
PW-24 8 10 14 4 76 Sw--02 13 8 17 5 1o
PW-24 8 10 15 s 39 Sw-03 12 7 17 4 8¢
PW-24 8 " 14 s 7 SW-03 12 7 18 s 80
PW-24 7 10 15 ] 30 SW-04 i 9 15 4 7
PW-25 8 & 13 4 105 SW-04 1 9 16 5 0
PW-25 8 n 14 s 108 SW-04 12 9 16 s 28
PW-26 7 1 13 4 85 SW-04 1 8 17 5 3
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Table 12.

Ircigation development plan as represented in the

model—Continued

Table 12. 1Irrigation development plan as represented in the

model—Continued

Location in model

Location in model

Well Type of Imgated Well Type of Irtigated

number Row Column Layer sress acres number Row Column Layer stress acres
SW-05 1 6 I8 4 81 SB-06 1" 6 19 s 103
SW 05 R 6 19 s 60 $8-07 12 6 19 5 138
SW-05 10 6 19 5 i $B-07 it 3 19 3 S0
SW 05 ] 7 18 5 10 SB. 08 12 7 18 7 5
SW-06 10 3 18 4 94 $B-08 12 6 19 7 23
SwW-u6 10 6 v 5 71 SB-q9 12 6 19 5 94
SW-06 9 [3 9 5 3 SB-09 13 [ 19 5 10
SW.06 10 7 18 s 20 $B-10 12 6 19 bl 15
SW-07 1 7 17 4 81 SB-10 13 6 19 5 3s
Sw-07 I 7 X 5 36 SB-10 12 7 18 5 5
SW-07 10 7 18 5 30 SB-10 i3 7 I8 H 42
SW-07 n 6 19 5 10 SW-21 1 [ iR i1 90
sw-07 10 6 19 5 5 Sw-21 3 6 19 18 196
SW-08 10 8 i6 4 128 Sw.22 10 S 15 4 25
SW-08 1 8 17 5 o0 Sw-22 10 4 16 5 Qs
SW-08 1 8 17 3 20 TW-01 16 15 9 4 14
SW-08 10 7 18 3 33 TW-01} 16 IS i 5 50
SW-08 1 7 18 5 15 TW 01 17 15 10 5 40
SW-w 9 8 16 4 9 TW-01 16 i4 1l s 21
SW.(09 9 8 7 S 60 TW-(2 16 s 9 3 113
SW o9 it} 4 17 5 k) TW 02 6 15 10 b 83
SW o0 10 ] 16 4 100 T™W 02 i? 15 D] 5 30
SW-10 10 8 17 5 100 TW-03 16 15 9 4 [TiH
SW-11 Y ? 17 4 101 TW-13 16 15 0 s 25
SW-j1 9 7 18 b 51 Tw-03 17 15 1 N 23
Sw.ni 8 7 18 5 15 TW-03 17 16 9 5 23
Sw-11 9 [ 19 s kN TW-03 16 16 9 5 o0
SW-i2 9 7 17 4 87 TW-04 17 16 B8 4 52
SW-12 9 7 I8 3 37 TW-4 17 i6 @ s 25
SW.i2 ] 7 18 5 30 TW 04 16 16 v 5 27
SW-12 9 ] 17 5 20 TW-05 15 16 [ 4 62
SW-13 9 8 16 4 89 TW-05 K 16 9 5 27
SW-i3 9 8 17 5 30 TW-0§ 16 16 9 5 C2R
Swo3 8 8 17 5 34 TW-03 16 17 K 5 7
SW- 13 8 7 18 s 25 TW-06 16 17 7 4 122
SW-14 11 3 16 13 TW-06 16 17 8 5 52
SW-iS 11 8 6 13 TW-06 15 17 ] 5 3s
SW 6 il 7 17 i3 TW-06 15 1) 9 ] 20
SW.17 i 7 17 13 TW- 06 16 18 7 5 15
SW 8 il 7 17 13 TW-07 15 19 S [ 36
SW-19 12 7 17 13 TW17 15 19 6 7 36
SW-20 12 6 18 13 TW-08 £ 16 8 4 123
SB-01 i ] 17 5 s TW-08 14 16 9 5 68
S$B-0} 1 9 I6 s 4 TW 08 15 16 9 s s
SB-02 ] 8 17 s 53 TW 08 14 17 8 5 20
$B-02 12 8 17 s 1 TW-9 14 1 14 4 98
SB-M t 9 16 5 15 TW-» 14 I8 7 5 68
SB-03 tl 8 17 5 6 TW 0% 13 18 ? S 15
SB-04 N 8§ 17 s 13 TW-09 14 17 8 5 15
$B-04 12 ] 17 5 S TW. 10 14 19 s 4 97
SB-05 H 7 18 5 38 TW 30 14 19 6 5 35
SB 0§ 12 7 18 s 12 TW-it 13 19 6 H 20
$B .05 1 8 17 5 7 TW-10 i4 1% 7 s 3
SB-06 n 7 18 5 o TW-10 13 18 7 5 7
SB-} 12 ? 18 5 s TW-11 15 £} 0 4 39
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Table 12. Irrigation development plan as represented in the  Table 12. Irrigation development plan as represented in the

model—Continued model—Continued
Location in model Location in mndel
Welt Type of levigated Wetl Type of lerigated

number Row Column Layer stress acres number Row Columa Layer siress cres
TW-11 15 13 11 5 39 TW-26 13 16 9 5 s
TW. 12 15 14 10 4 82 TW-27 12 18 6 4 90
TW-12 15 14 11 5 27 TW-27 12 18 7 5 50
TW- 12 14 14 11 5 55 TW-27 12 17 ] 5 35
TW-13 15 14 10 4 94 TW-27 1 17 8 5 5
TW-113 15 14 11 5 25 TW-28 13 14 0 4 72
TW-13 15 15 10 5 28 TW-28 13 13 13 5 59
TW 13 la 14 bt b M TW-28 14 14 1 5 10
Tw-13 14 15 10 s 10 Tw-28 13 13 12 5 3
TW_14 Ia 1§ 9 4 ™ TW-29 13 13 I P 92
TW-14 13 15 10 S 49 TW-29 13 13 i2 5 55
TW-14 IN 15 10 5 ! TW-29 2 13 i2 5 2
TW-14 14 4 13 5 20 TW-29 14 13 12 s 30
TW-1§ 14 16 B 4 106 TW-29 13 14 1] 5 2
TW-15 14 16 9 § 65 TW-29 14 14 11 5 3
TW-15 13 16 9 s 35 TW-30 12 14 10 4 106
TW-15 13 ts 10 5 6 TW-30 12 12 [} 5 30
TW .16 14 - 16 8 4 86 TW-30 12 14 11 s 51
TW-16 14 16 9 5 " TW-30 13 13 12 5 5
™-16 13 16 9 5 5 TW-30 12 13 12 5 20
TW-16 15 16 9 s 10 TW-31 13 4 10 4 72
TW-17 13 17 7 4 83 TW-31 13 14 1 s 72
TW-17 13 17 ] 5 81 TW-32 12 15 9 4 102
TW-17 i2 17 8 5 2 TW-32 i2 15 10 5 97
TW 18 13 i7 7 4 5 TW-32 12 14 1 5 s
TW- 18 13 17 8 5 37 TW-33 12 15 9 4 92
TW-i8 13 18 7 § a8 TW-33 12 15 10 5 62
TW-19 13 18 6 4 72 TW-33 12 16 9 5 30
TW-19 13 18 7 5 30 TW-34 12} 17 7 4 89
TW-19 13 17 8 5 38 TW-34 11 17 ] 5 45
TW-19 14 7 8 s 4 TW-14 12 17 8 s 9
TW-20 13 18 ] 4 55 TW-34 11 13 9 5 i5
TW-=20 13 18 7 5 30 TW .35 i 17 7 6 16
TW-20 13 19 6 5 25 TW-35 11 17 8 7 16
Tw-21 14 14 10 3 89 TW-36 15 19 5 i4

TW-21 14 14 1t 5 74 TW-41 15 19 5 14

TW 21 13 14 Al 5 15 TB-01 15 19 6 5 34
TW. 22 14 14 10 4 87 TB-01 14 19 6 S 40
Tw=-22 14 14 tl 5 37 TB-02 5 19 6 5 s
TW-22 13 14 11 5 38 TB-02 14 19 6 5 50
TW-22 13 1§ 10 5 12 T8 -02 14 18 7 5 40
TW-23 13 16 ¥ 4 88 TwW-37 4 I8 6 15

™ .23 13 16 9 s 65 W s 18 6 15

VI'W—ZS 12 16 9 5 73 TW-39 14 18 6 15

Tw-23 13 15 10 5 20 W40 14 V7 7 15

TW-24 12 16 8 4 92 TB-03 14 18 7 5 56
TW-24 2 16 9 5 77 TB-03 14 17 8 § 15
TW-24 13 16 9 5 15 TB-04 14 17 8 b n
TW=-25 12 16 ] 4 72 TB-05 14 17 8 5 30
Tw-25 12 16 9 5 27 TB-006 14 17 8 5 87
TW..25 13 16 9 5 20 TB-06 13 17 ] 5 50
Tw-2§ 12 17 8 5 20 TB-D6 14 16 9 5 50
TW-25 13 17 R 5 5 TB-06 13 16 9 5 950
TW-26 13 17 7 4 75 TW-42 14 18 6 17 ‘Q
TW-26 13 17 8 5 40 TW-42 14 18 7 18 26
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Table 12.

Irrigation development plan as represented in the

model—Continued

model—Continued

Table 12. Irrigation development plan as represented in the

Location in model

Location in model

Well Type of lrrigated Well Type of Imgated
number Row Column Layer stress acres number Row Column Layer stress acres
TW-33 14 18 [ ¥7 's B2A 9 12 12 21 76
TW-43 14 18 7 18 5 B2A 9 " ) 3 40
TW-4 12 17 7 17 ‘6 B2A 9 13 K] 18
TW-44 13 17 8 18 26 H2A 8 13 3 18
TW-45 13 17 7 V7 ‘e B3A 9 [¥] b3} 90
TW-45 13 17 £ 18 6 B3A 9 it 14 3 %0
TW-46 13 16 8 17 's B4A 9 12 12 21 1
TW-46 13 16 9 18 s B4A 9 12 13 3 s
TW-47 13 6 8 17 30 BSA 9 12 i2 2t 91
TW-47 13 16 9 18 2% BSA 8 ] 14 3 19
TW-48 12 15 9 17 125 BSA 9 1 14 3 19
TW—48 12 15 10 18 225 Bs5A 8 12 13 3 30
TW-39 14 16 ] 17 ! BS5A 9 12 13 3 19
TW-49 14 16 9 13 231 BSB 8 11 13 24 93
ALA 10 6 I8 21 24 BSB [ 11 14 3 19
AlA 10 6 19 3 24 BSB 9 i 14 3 19
A2A 11 7 17 21 13 RSB 8 12 3 3 6
A2A [ 6 19 3 7 RSB 9 12 13 3 19
A2A 12 6 19 3 6 B6A 9 13 3 21 107
A3A 11 7 17 21 7 BoA 9 13 12 26
A3A Il 7 i8 3 4 B6A 9 2 3 3 39
A3A 1 8 17 3 3 B6A 9 1t 3 2]
AdA 1 B 16 21 X9 B6A 8 13 2 i 21
AdA 10 8 17 3 8 B7A 8 14 21 95
AdA Al R 17 3 t8 B7A 8 i3 12 K) 3x
AdA 1" 7 18 3 53 B7A 8 12 13 3 3K
ASA 10 9 15 21 68 B7A 9 i2 13 3 19
ASA 1" 9 16 3 3 B7B 8 13 1" 21 95
ASA 1l 8 17 3 33 B7B ] 12 3 18
AGA 10 10 4 21 101 B78 8 2 13 3 ay
AOA 10 8 7 3 43 B7B 9 12 13 k) 19
AbA 10 9 16 3 19 BlIA 8 14 10 2t 43
AGA 10 7 IR 3 19 Bl1A 8 14 11 3 14
AGA 1 ? 18 K 19 BI1A 9 13 12 3 29
AGB 10 8 i6 21 101 BI2A 8 14 10 21 7
A6B 10 8 17 3 44 Bi2A 8 14 1" 3 36
A6B 10 9 16 3 19 B12A 8 12 12 3 18
AbB W0 7 18 3 19 BI2A 8 12 13 3 18
AGB 1 7 18 3 19 BI2B 8 14 10 2)- 7
A7A ] 10 4 2i 103 BI2B 8 14 1 3 38
ATA 10 10 15 3 45 8128 ] 12 12 3 %
ATA 10 9 la 3 29 B12B 8 2 13 k) 18
ATA I 9 16 K} 2y BI3A 8 14 0 21 73
BIA 9 1 13 21 69.5 B13A 8 14 1 3 36
BIA (1) 1y 15 3 25 B13A 8 13 2 3 37
BIA 10 11 14 3 1t BI13B 8 14 10 21 74
BiA 10 Y 16 3 11 B13B 8 14 11 3 37
BlA 9 10 15 3 n B13B 8 13 12 3 37
BIA 9 11 14 3 i BI3C 8 13 " 21 74
BIB 10 10 14 21 69.5 BI13C B 14 nu 3 37
BIB 10 10 15 3 2§ B13C B 13 12 3 37
BIB 10 1 14 3 11 Bl4A 8 14 0 21 91
BIB 10 9 16 3 1 BldA 8 14 t 3 91
BIB 9 10 15 3 1 BISA 7 14 10 21 92
BIB 9 13 14 3 11 BISA 8 13 12 3 26

Changes Superimposed on Steady-State Condition




Table 12,

Irrigation development plan as represented in the

model—Continued

Location in model

Table 12. Irrigation development plan as represented in the
model—Continued

Location in model

Well Type of Irrigated Well Type of ferigated
number Row Column Layer stress acres aumber Row Columan Layce siress acres
BISA 7 14 1 3 2 DI2A 12 19 5 23 66
BISA 7 13 12 3 44 DI2A 12 19 6 3 19
BISB 7 14 10 21 91 DI2A 1 8 7 3 2]
BISB 8 13 12 3 25 DI2A 1 19 6 3 19
BISH 7 14 1 3 2 DI3A 1 21 4 2 2
BISB 7 13 12 3 rr DI3A 13 21 4 3 2
B19A 9 18 7 21 39 DISA 13 2 4 bx 17
BI9A 9 18 7 3 39 DI5A 13 21 4 3 17
C2A 10 1 13 24 67 ElA 10 17 7 22 1
c2a 10 1 14 3 67 ElA 10 17 8 3 L
C3A 10 13 1 24 30 E2A 10 17 7 22 1
C3A 10 13 12 3 15 EIA 10 17 7 3 1
CiA 10 12 13 3 15 EIA 1 i8 6 22 6
CsA Tl 13 1 24 6! EJA 1 18 7 3 3
CSA 10 13 12 3 61 E3A 10 17 8 3 3
C6A 1 13 i 4 35 - ESA 10 18 6 2 s
CoA 10 12 13 3 9 ESA 10 18 7 3 5
con 1 13 12 3 17 ESA i 19 5 n 9
C6A 10 13 12 3 9 EBA 1 19 6 3 9
CA 15 19 5 2 18 E9A i 19 s 22 1
ciA 15 19 6 3 18 E9A 1 19 6 3 6
C8A 15 19 5 24 5 E9A 1 19 6 3 5
C8A 15 19 6 3 3 EI0A 1 19 5 22 5
C8A 15 20 5 3 2 EI0A 1 19 6 3 s
Cloa 16 20 4 24 62 ElIA 1 19 5 22 5
C10a 16 20 5 3 n EllA i 19 6 3 i0
CI0A 15 20 5 3 21 EI3A 1 19 s 22 1
C10A 15 19 6 3 20 EI3A 1 19 6 3 1
ciza 16 2 3 2% 95
C12a 16 2 4 3 29
! Acre-teet of withdrawals.
Ci2A i6 20 5 3 26 . .
Ci2a 15 20 5 3 40 = Return flow is 28 percent of this number of acre-feet.
Cl3A 16 21 3 2 I
Ci3A 16 21 4 3 i
Ciaa 16 22 3 24 14
Cl4A 16 2 3 3 H]
ClaA 16 21 4 3 6
Cisa 16 22 3 24 5 SIMULATED RESPONSE TO PROJECTED WITH-
Clsa 16 22 3 3 5
CloA " I 3 2 N DRAWALS AND DIVERSIONS
Cl6a 17 22 3 3 9 The projection stage of the simulation estimates the
Daa 1 18 6 L4 4 response of the Tesuque aquifer system to 100 years of
D3A . s 7 : ; withdrawals as projected by the U.S. Bureau of Indian Af-
DSA " 18 6 23 12 ) proj y the U.o. : X
D5A 1 18 7 12 fairs. For the null-future condition, the projected with-
DBA . " s ” ) drawals are 11.24 cubic feet per second at the Los Alamos
D8A I 18 7 N 2 Canyon, Guaje Canyon, Pajarito Mesa,. and Buckmar} well
D9A 1 19 s 23 1y fields. For the alternative-future condition, the projected
gzlf’\‘ :: :g Z ; ‘g withdrawals are 39.65 cubic feet per second, an increase
of 28.41 cubic feet per second. The response simulated by
DI0A 1" 19 5 2 3 the mathematical model is presented with a precision that
D10A 1" 19 6 3 3 exceeds the predictive accuracy of the model. Although
DlA 12 19 5 23 14
DLIA 12 19 o 3 M ~ water levels should probably be rounded to the nearest 10
DUIA 1 19 6 3 7 feet, they are reported to the nearest 0.1 foot to show the
42 Mathematical Model of the Tesuque Aquifer System, N. Mex.




magnitude of small simulated changes. Similarly, al-
though flow rates should probably be rounded to the near-
est cubic foot per second, they are reported to the nearest
0.01 cubic foot per second. Thus, quantities reported as
negligible are in fact negligible and not merely small
values that have been rounded off.

Under steady-state conditions, the discharge from
the aquifer system is equal to the recharge; the water sur-
face and the hydravlic head in confined beds do not
change with time. The withdrawals by wells are an addi-
tional discharge superimposed on this stable condition. As
water is withdrawn from the aquifer system, the hydraulic
head is lowered. Eventually, the hydraulic head will
change in areas of natural recharge or discharge, and the
rate of recharge or discharge may change. Given sufficient
time, all withdrawals will be balanced by decreases in nat-
ural discharge or increases in recharge. (A more complete
discussion of this phenomenon is offered by Theis, 1938,
and 1940.) The simulation with the digital model de-
scribes this process quantitatively. This section describes
changes in hydraulic head and changes in recharge and
discharge simulated by the digital model in response to the
withdrawals by wells. Two alternative conditions have
been simulated: in one the withdrawals are continued his-
torical withdrawals only: in the other the withdrawals in-
clude those for the tribal irrigation development, nontribal
irrigation, and municipal, industrial, and domestic water
supply as well as continued historical withdrawals. Com-
paring the response of these two conditions provides esti-
mates of the impact of the additional withdrawals. Al-
though the additional withdrawals include nontribal irriga-
tion and municipal, industrial, and domestic supply, the
comparisons are phrased as being between simulations
“with irrigation development” and “‘without irrigation de-
velopment.”

As described in the previous section on boundaries
represented in the model, the boundaries to the north and
south are arbitrarily located. The boundary to the west is
represented as a constant-flow boundary even though the
flow may change if water is drawn from storage west of
the fault zone. The common assumption is that the bound-
aries are sufficiently distant that the type and location of
the boundaries has a negligible effect on the response
within the Pojoaque River basin. This assumption can
now be verified by noting the simulated change in hydrau-
lic head at the boundary and estimating the effect on the
simulated hydraulic heads in the Pojoaque River basin.

The effect of these arbitrary boundaries on the simu-
lated heads in the Pojoaque River basin is estimated
analytically using image wells (Lohman, 1972, p.57-61).
The effect of a no-flow boundary on the drawdown caused
by a discharging well is estimated by locating an image
the same distance outside the boundary as the real well is
inside the boundary. The calculated drawdown at any

point inside the boundary is computed by adding the
drawdown calculated for the discharging image well to
that for the real well. Therefore, the effect of the bound-
ary is approximated by the additional drawdown calcu-
lated for an image well located twice as far from the real
well as is the boundary. Drawdown at any radius from the
image well is assumed t0 be proportional 1o W)
(Lohman, 1972, p. 15) where

Y
ke

2
4Kt 7

where

r = the radius from the well (in feet):
S, = the specific storage (2 X 107* per foot);
K = the hydraulic conductivity (1 foot per day); and

t = time (50 years).

The northern no-flow boundary of the modeled area
is located a few miles north of the Santa Cruz River (fig.
1) and does not approximate a geologic boundary. This
boundary is 10 miles or more from the Pojoaque River
basin. After SO years of withdrawals for irrigation de-
velopment, the maximum drawdown simulated along this
arbitrary boundary would be about 8 feet. Using image
wells, this drawdown represents the sum of 4 feet due to
the real well and 4 feet due to the image well located
more than 20 miles from the Pojoaque River basin. An
image well that produces a drawdown of 4 feet at 10 miles
is estimated to produce a drawdown of less than 2 feet at
20 miles. Therefore, the arbitrary northern boundary is es-
timated to affect drawdowns in the Pojoaque River basin
by less than 2 feet.

The southern no-flow boundary of the modeled area
extends to the confluence of the Rio Grande and the Santa
Fe River, and does not approximate a geologic boundary.
This boundary is 20 miles or more from he Pojoaque
River basin. After 50 years of withdrawals for irrigation
development, the maximum drawdown simulated along
this arbitrary boundary would be about 4 feet. This draw-
down represents the sum of 2 feet due to the real well and
2 feet due to the image well more than 40 miles from the
Pojoaque River basin. An image well that produces a
drawdown of 2 feet at 20 miles is estimated to produce a
drawdown of less than 0.4 foot at 40 miles. Therefore, the
arbitrary southern boundary is estimated to affect draw-
downs in Pojoaque River basin by less than 0.4 foot.

The western boundary of the modeled area approxi-
mates a fault zone beneath the Jemez Mountains (fig. 1).
The representation of this geologic boundary as a
specified-flow boundary does not allow any water to be
drawn from storage in the aquifer west of the fault zone.
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This boundary is 10 miles or more from the Pojoaque
River basin. After 50 years of withdrawals for irrigation
development, the maximum drawdown simulated along
this arbitrary boundary will be about 22 feet. Most of this
drawdown is the result of continued historical withdraw-
als, some of which are within about 5 miles of the bound-
ary. The 22 feet of drawdown would represent the sum of
Il feet due to the real well and 11 feet due to the image
well about 5 miles across the boundary, about 10 miles
from the sites of historical withdrawals, and about 15
miles from the Pojoaque River basin.

In estimating the effect of this boundary, one needs

to consider that flow toward the Pojoaque River basin re-
quires flow across the dipping anisotropic beds. It can be
shown (C.V. Theis, U.S. Geological Survey, written
commun., 1974) that dipping anisotropic beds produce an
effective horizontal anisotropy in which

K. R (8)

. I — (1 ~R)cos?A

where

K, = the horizontal hydraulic conductivity in the direction
of the dip (L/T):

K, = the horizontal hydraulic conductivity in the direction
of the strike (L/T);

R = the ratio of cross-bed to in-bed hydraulic conduc-
tivity; and

A = the angle of dip.

Further, the anisotropic problem is reduced to
an isotropic problem by the transformations

K = VEK"
5, = VKKS
x = VK,

y = VK,

where the variables are as defined above and the prime de-
signates transformed values.

For the Tesuque aquifer system. the anisotropy ratio
of 0.003 and a dip of 8° produce a horizontal anisotropy
in which the horizontal hydraulic conductivity in the di-
rection of the dip is 0.2 foot per day and the horizontal
hydraulic conductivity in the direction of the strike is |
foot per day. If calculations are performed on the de-
formed isotropic space, an image well that produces 11
feet of drawdown at the western boundary is estimated to
produce less than 5 feet of drawdown near the sites of his-
torical withdrawals and less than 2 feet of drawdown in
the Pojoaque River basin.
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The boundaries to the north, south, and west are es-
timated to have a cumulative effect of adding less than 5
feet to the drawdowns simulated for the Pojoaque River
basin after 50 years of withdrawal for irrigation develop-
ment. This effect will increase with time.

Simulated Changes in Water Levels

Although the model simulates response for 100
years, the simulated hydraulic-head declines are presented
for the end of the 50-year project life of the irrigation de-
velopment plan proposed by the U.S. Bureau of Indian
Affairs. The simulated water surface in 2030 after 50
years of withdrawals is shown in figure23. The simulated
decline in hydraulic head at the water surface from 1980
10 2030 is shown in figure 24. The maximum decline of
about 143 feet was simulated at row 7, column 5.

Withdrawals are primarily made not in the water
surface cell, but in the underlying confined cell (fig. 21).
The simulated change in hydraulic head in this production
zone is shown in figure 25. The maximum decline of 334
feet was simulated at row 8, column 14. The simulated
declines in hydraulic head in this production zone are pre-
sented in hydrographs for the eight locations shown in
figure 25: one near each of the existing well fields at Los
Alamos Canyon. Guaje Canyon, Pajarito Mesa, and Buck-
man; and one near each of the Pueblos of San Iidefonso,
Pojoaque, Nambe, and Tesuque.

Los Alamos Canyon Well Field

In the Los Alamos Canyon well field, wells LA-1,
LA-IB, LA-2, and LA-3 are represented at the cell in row
13, column S, layer 19. The simulated decline in hydrau-
lic head (fig. 26) is due primarily to the continuation of
historical withdrawals. Without irrigation development,
the simulation of continued historical withdrawals indi-
cates a decline in hydraulic head of about 6.8 feet from
1980 through 2030. The simulation of 50 years of with-
drawals with irrigation development indicates an addi-
tional decline in hydraulic head of about 6.2 feet, result-
ing in a total decline of about 13.0 feet.

The response is similar in the other ceils in which
this well field is represented. Well LA-4 is represented at
row 15, column 4, layer 20. Without irrigation develop-
ment, the simulation of continued historical withdrawals
indicates a decline in hydraulic head of about 15.5 feet
from 1980 through 2030. The simulation of 50 years of
withdrawals with irrigation development indicates an addi-
tiona! decline in hydraulic head of about 3.4 feet, result-
ing in a total decline of about 18.9 feet.
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Figure 23. Contours of simulated water surface in 2030 assuming withdrawals as shown in table 12.

Well LA-5 is represented at row 14, column 4,
layer 20. Without irrigation development, the simulation
of continued historical withdrawals indicates a decline in
hydraulic head of about 15.1 feet from 1980 through
2030. The simulation of 50 years of withdrawals with irri-
gation development indicates an additional decline in hy-
draulic head of about 3.8 feet, resulting in a total decline
of about 18.9 feet.

Well LA-6 is represented at row 14, column 5,
layer 19. Without irrigation development. the simulation
of continued historical withdrawals indicates a decline in
hydraulic head of about 7.4 feet from 1980 through 2030.
The simulation of 50 years of withdrawals with irrigation
development indicates an additional decline in hydraulic
head of about 5.5 feet, resulting in a 1otal decline of about
12.9 feet.

Guaje Canyon Well Field

In the Guaje Canyon well field, wells G-2, G-3, G-
4, G-5, and G-6 are represented at row 13, column 3,
layer 21. The simulated decline in hydraulic head (fig.27)
is due almost entirely to the continuation of historical
withdrawals. Without irrigation development, the simula-
tion of continued historical withdrawals indicates a decline
in hydraulic head of about 31.5 feet from 1980 through
2030. The simulation of 50 years of withdrawals with irri-
gation development indicates an additional decline in hy-
draulic head of about 0.6 foot, resulting in a total decline
of about 32.1 feet.

The response is similar in the other cell in which
this well field is represented. Wells G-1 and G-1A are rep-
resented at row 13, column 4, layer 20. Without irrigation
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Figure 24. Lines of equal simulated decline in water surface from 1980 through 2030 assuming withdrawals as shown in

table 12.

development, the simulation of continued historical with-
drawals indicates a decline in hydraulic head of about
14.2 feet from 1980 through 2030. The simulation of 50
years of withdrawals with irrigation development indicates
an additional decline in hydraulic head of about 4.1 feet,
resulting in a total decline of about 18.3 feet.

Pajarito Mesa Well Field

In the Pajarito Mesa well field, wells PM-1 and PM-
3 are represented at row 16, column 3, layer 21. The
simulated decline in hydraulic head (fig. 28) is due almost
entirely to the continuation of historical withdrawals.
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Without irrigation development, the simulation of con-
tinued historical withdrawals indicates a decline in hydrau-
lic head of about 47.9 feet from 1980 through 2030. The
simulation of 50 years of withdrawals with irrigation de-
velopment indicates an additional decline in hydraulic
head of about 0.5 foot, resulting in a total decline of about
48.4 feet.

The response is similar at the other cell in which
this well field is represented. Well PM-2 is represented at
row 18, column 3, layer 21. Without irrigation develop-
ment, the simulation of continued historical withdrawals
indicates a decline in hydraulic head of about 46.8 feet
from 1980 through 2030. The simulation of 50 years of
withdrawals with irrigation development indicates an addi-
tional decline in hydraulic head of about 0.4 foot, result-
ing in a total decline of about 47.2 feet.
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Figure 25. Lines of equal simulated decline in hydraulic head in the uppermost confined cells from 1980 through 2030 as-

suming withdrawals as shown in table 12.

Buckman Well Field

In the Buckman well field, production welis B-4, B-
5, and B-6, and observation well B-7 are represented at
row 17, column 7, layer 17. The simulated decline in hy-
draulic head (fig. 29) is due primarily to the continuation
of historical withdrawals. Without irrigation development,
the simulation of continued historical withdrawals indi-
cates a decline in hydraulic head of about 48.7 feet from
1980 through 2030. The simulation of 50 years of with-
drawals with irrigation development indicates an addi-
tional decline in hydraulic head of about 13.1 feet, result-
ing in a total decline of about 61.8 feet.

The response is similar at the other cell in which
this well field is represented. Well B-3 is represented at
row 16, column 7, layer 17. Without irrigation develop-

ment, the simulation of continued historical withdrawals
indicates a decline in hydraulic head of about 46.3 feet
from 1980 Through 2030. The simulation of 50 years of
withdrawals with irrigation development indicates an addi-
tional decline in hydraulic head of about 17.2 feet, result-
ing in a total decline of about 63.5 feet.
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Figure 26. Simulated decline in hydraulic head near Los
Alamos Canyon well field (row 13, column 5, layer 19).
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Figure 27. Simulated decline in hydraulic head near Guaje
Canyon well field (row 13, column 3, layer 21).
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Figure 28, Simulated decline in hydraulic head near Pajarito
Mesa well field (row 16, column 3, layer 21).

Pojoaque River Basin

On the San Ildefonso Puebio Grant, wells SW-07,
SW-16, SW-17, SW-18, A-2A, and A-3A are represented
at the cell in row 11, column 7, layer 17. The simulated
decline in hydraulic head in this cell (fig. 30) is due
primarily to the irrigation development. Without irrigation
development, the simulation of continued historical with-
drawals indicates a decline in hydraulic head of about 8.3
feet from 1980 through 2030. The simulation of 50 years
of withdrawals with irrigation development indicates an
additional decline in hydraulic head of about 84.0 feet, re-
sulting in a total decline of about 92.3 feet.

On the Pojoaque Pueblo Grant, wells PW-13, PW-
16, PW-17, PW-18, B-2A, B-3A, B-4A, and B-5A are
represented at the cell in row 9, column 12, layer 12. The
simulated decline in hydraulic head at this cell (fig. 31) is
due almost entirely to the irrigation development. Without
irrigation development, the simulation of continued histor-
ical withdrawals indicates a decline in hydraulic head of
about 0.8 foot from 1980 through 2030. The simulation of
50 years of withdrawals with imrigation development indi-
cates an additional decline in hydraulic head of about
210.6 feet, resulting in a total decline of about 211.4 feet.
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Figure 29. Simulated decline in hydraulic head near Buck-

“man well field (row 17, column 7, layer 17).

On the Nambe Pueblo Grant, well NW-09 is rep-
resented at the cell in row 8, column 16, layer 8. The
simulated decline in hydraulic head at this cell (fig. 32) is
due aimost entirely to the irrigation development. Without
irrigation development, the simulation of continued histor-
ical withdrawals indicates a negligible decline in hydraulic
head from 1980 through 2030. The simulation of 50 years
of withdrawals with irrigation developruent indicates a de-
cline in hydraulic head of about 160.8 feet. Nearby at row
8, column 14, layer 10, the 50-year decline in hydraulic
head of about 334 feet is the maximum simulated decline.
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Figure 30. Simulated decline in hyraulic head near San -
defonso Pueblo (row 11, column 7, layer 17).
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Figure 31. Simulated decline in hydraulic head near

Pojoaque Pueblo (row 9, column 12, layer 12).

On the Tesuque Pueblo Grant, wells TW-09, TW-
37, TW-38, TW-39, TW-42, and TW-43 are represented
at the cell in row 14, column 18, layer 6. The simulated
decline in hydraulic head at this cell (fig. 33) is due al-
most entirely to the irrigation development. Without irri-
gation development, the simulation of continued historical
withdrawals indicates a negligible decline in hydraulic
head from 1980 through 2030. The simulation of 50 years
of withdrawals with irrigation development indicates a de-
cline in hydraulic head of about 184.1 feet.

Simulated Changes in Flow Between Ground
Water and Surface Water

As the simulated hydraulic head in areas of recharge
and discharge changes, the simulated rate of recharge and
discharge may change at both specified-hydraulic-head
and hydraulic-head-dependent boundaries. The Rio
Grande, the Santa Cruz River, and the downstream reach
of the Santa Fe River are represented as specified-hydrau-
lic-head boundaries. The Pojoaque River and its tributaries
are represented as hydraulic-head-dependent boundaries.

Rio Grande, Santa Cruz, and Santa Fe Rivers

In steady state, the simulated ground-water dis-
charge to the Rio Grande is about 22.06 cubic feet per
second. In 1980 this rate is simulated to decrease by about
1.02 cubic feet per second to about 21.04 cubic feet per
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Figure 32. Simulated decline in hydraulic head near Nambe
Pueblo (row 8, column 16, layer 8).

second. Without irrigation development, the simulation of
continued historical withdrawals tfrom 1980 through 2030
indicates a decrease of about 0.97 cubic foot per second
to about 20.07 cubic feet per second. The simulation of
50 years of withdrawals with irrigation development indi-
cates a decrease of ahout 0.90 cubic foot per second to
about 20.14 cubic feet per second. The simulated ground-
water discharge to the Rio Grande decreases less with the
irrigation development than without. This is caused by
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Figure 33. Simulated decline in hydraulic head near
Tesuque Pueblo (row 14, column 18, layer 6).
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adding return flows to the cells at the water surface; a total
of 0.95 cubic foot per second of return flow is added to
the cells representing the Rio Grande. The phenomenon is
temporary; after 100 years the simulated decrease in dis-
charge to the Rio Grande is 1.7] cubic feet per second for
continued historical withdrawals and 2.10 cubic feet per
second for irrigation development.

In steady state, the simulated Santa Cruz River re-
charges about 4.11 cubic feet per second to the ground
water and discharges about 1.50 cubic feet per second for
a net simulated flow from the Santa Cruz River of about
2.61 cubic feet per second. In 1980 this rate is simulated
to increase by about 0.04 cubic foot per second to about
2.65 cubic feet per second. Without irrigation develop-
ment, the simulation of continued historical withdrawals
from 1980 through 2030 indicates an increase of about
0.09 cubic foot per second to about 2.74 cubic feet per
second. The simulation of 50 years of withdrawals with ir-
nigation development indicates an increase of about 1.08
cubic feet per second to about 3.73 cubic feet per second.

In steady state, the simulated ground-water dis-
charge to the Santa Fe River is about 4.35 cubic feet per
second. In 1980 this rate is simulated to decrease by about
0.01 cubic foot per second to about 4.34 cubic feet per
second. Without the irrigation development the simulation
of continued historical withdrawals from 1980 through
2030 indicates a decrease of about 0.06 cubic foot per sec-
ond to about 4.28 cubic feet per second. The simulation
of 50 years of withdrawals with irrigation development in-
dicates a decrease of about 0.13 cubic foot per second to
about 4.21 cubic feet per second.

Table 13. Projected water balances for the Pojoaque River
and tributaries using the simulated flows from the digital
model

Simulated flow. in cubic feet per second

of How 1980 19K) 1990 2005 2030

Tributary inflow __._... .. 16.90 16.90 16.90 16.90 16.90
Consumption by vegeration!  _} 10 110 -1.10 ~110 ~1.10
Imigation diversion . . ...... --7.67 ~13.14 -il.14 ~13.13 -1314
Net flow from (+) or 1o {~)
2

ground water~ . _........ -0.09 0.38 -0.93 -2.29 -249
Pojuuque River dischurge and

evaporation from nverbed

calculated 8s a residual® _ —R8.04 ~104 -1.713 -0.37 -0.17

e plion by native i~ rep
ervoir
? These values are simulated by the digital modet.

d a~ specitied flows from the ground-water res-
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Pojoaque River and Tributaries

In steady state, the simulated Pojoaque River along
with its tributaries recharges about 4.25 cubic feet per sec-
ond to the ground water and discharges about 4.21 cubic
feet per second for a net simulated recharge from the
Pojoaque River of about 0.04 cubic foot per second. In
1980 this rate is simulated to increase by about 0.05 cubic
foot per second te about 0.09 cubic foot per second. With-
out irrigation development, the simulation of continued
historical withdrawals from 1980 through 2030 indicates
an increase of about 0.22 cubic foot per second to about
0.31 cubic foot per second. The simulation of 50 years of
withdrawals with irrigation development indicates an in-
crease of about 2.40 cubic feet per second to about 2.49
cubic feet per second.

Projected water balances for the Pojoaque River and
its tributaries are given in table 13 for 1980 and after 1,10,
25, and 50 years of withdrawals with irrigation develop-
ment. After 25 years the model simulates most of the flow
of the Pojoaque River being consumed by diversion and
loss to the ground-water reservoir. Although the model
does not simulate the Pojoaque River discharge to the Rio
Grande as a separate item. it is reasonable to conclude that
the simulated Pojoague River discharge is negligible when
the total of discharge and riverbed evaporation is less than
the estimated riverbed evaporation. The riverbed evapora-
tion is estimated in the previous section on boundaries to
be about 3.32 cubic feet per second. Therefore, the simu-
lated Pojoaque River discharge to the Rio Grande is neg-
ligible even in the first year of the irrigation development
(table 13).

The simulated flow is from ground water to the
Pojoaque River for the first year of irrigation develop-
ment. This temporary phenomenon is caused by adding
return flow to the cells at the water surface and may not
occur in the prototype.

Simulated Sources of Water Withdrawn from
Wells

The simulated response to the withdrawals for irri-
gation development as well as continued historical with-
drawals is summarized by considering the sources of the
water withdrawn from wells. The simulated change in
flow from each of the sources is shown in figures 34 and
35 through 2080. The historical withdrawals and their
continuation are shown in figure 34. The total withdrawals
from the Los Alamos Canyon, Guaje Canyon, Pajarito
Mesa, and Buckman well fields increased gradually from
1947 through 1977; projected withdrawals continue after
1977 at 11.24 cubic feet per second. The sources for these
withdrawals are storage in the Tesuque aquifer system and
capture from the Rio Grande, Santa Cruz, Santa Fe, and
Pojoaque Rivers. Streamflow capture is the combination
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Figure 34. Simulated source of water withdrawn
Tesuque aquifer system without irrigation development.

of: (1) the reduction in the previous discharge from the
aquifer to the stream; and (2) the increase in the previous
recharge to the aquifer from the stream.

The rate of fiow from each source is accumujated as
the ordinate in figure 34. For example, in 2030 the 11.24
cubic feet per second withdrawn from wells is simulated
to consist of:

e 8.79 cubic feet per second (78.1 percent) with-
drawn from storage;

e 0.27 cubic foot per second (2.4 percent) capture
from the Pojoaque River;

o 1.99 cubic feet per second (17.7 percent capture
from the Rio Grande;

e 0.13 cubic foot per second (1.2 percent) capture
from the Santa Cruz River; and

® 0.07 cubic foot per second (0.6 percent) capture
from the Santa Fe River.

Superimposed on the continued historical withdraw-
als are the net withdrawals of 28.41 cubic feet per second
for irrigation development resulting in total withdrawals of
39.65 cubic feet per second. The rate of flow from each
individual source is accumulated as the ordinate in
figure 35. For example, in 2030 the 39.65 cubic feet per
second is simulated to consist of:

e 34.05 cubic feet per second (85.9 percent)
withdrawn from storage:

o 2.45 cubic feet per second (6.1 percent) capture
from the Pojoaque River;

e 1.92 cubic feet per second (4.8 percent) capture
from the Rio Grande;

e 1.12 cubic feet per second (2.8 percent) caplure

from the Santa Cruz River; and

0.14 cubic foot per second (0.4 percent) capture

from the Santa Fe River.

The changes in the model due to irmgation develop-
ment can be seen by comparing figures 34 and 35. For ex-
ample, in 2030 the 28.41 cubic feet per second withdrawn
for irrigation development has resulted in an additional
25.26 cubic feet per second withdrawn from storage: addi-
tional capture of 2.18 cubic feet per second from the
Pojoaque River, 0.99 cubic foot per second from the
Santa Cruz River, and 0.07 cubic foot per second from the
Santa Fe River, and a decrease of 0.07 cubic foot per sec-
ond in capture from the Rio Grande.

Because all streams are tributary to the Rio Grande,
all streamflow capiure and diversion will deplete the flow
of the Rio Grande downstream from the modeled area.
With irrigation development, the total simulated depletion

/

V777 withdraws from storogs
” Capiurs trom rivers

WITHORAWAL
FROM WELLS

¢

SIMULATED FLOW, IN CUBIC FEET PER SECOND
5 8
T T

1946

2080 Lics

'y 1 & L A
-] o =] o

N [ v ] Q
I =] o 3 o
~ ~ & ~

1970
1980
1990 .
2000

Figure 35. Simulated source of water withdrawn from
Tesuque aquifer system with irrigation development.
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of the Rio Grande is 18.77 cubic feet per second: stream-
flow capture of 5.63 cubic feet per second and diversion
of 13.14 cubic feet per second. Without irrigation de-
velopment, the total simulated depletion of the Rio
Grande is 10.13 cubic feet per second: streamflow capture
of 2.46 cubic feet per second and diversions of 7.67 cubic
feet per second. The total predicted effect on the flow of
the Rio Grande downstream from the modeled area in
2030 after 50 years of withdrawals is 18.77 cubic feet per
second: 10.13 cubic feet per second due to the continued
historical withdrawals and 8.64 cubic feet per second due
to the withdrawals and increased diversions of the irriga-
tion development.

The simulated source for most of the water with-
drawn is the water in storage in the Tesuque aquifer sys-
tem. The simulated capture from the Pojoaque River in-
creases through about 2030 and is subsequently constant.
The simulated capture from the Rio Grande, Santa Cruz,
and Santa Fe Rivers continues to increase gradually. In
2030, simulated storage in the Tesuque aquifer system
would supply 34.05 cubic feet per second of the 39.65
cubic feet per second being withdrawn (86 percent). Fifty
years later, simulated storage would supply 31.80 cubic
feet per second (80 percent). According to the digital
model simulation, storage will probably be a significant
source of water for several centuries. During this time,
capture from the simulated streams will gradually in-
crease. In general, if withdrawals are simulated to con-
tinue indefinitely, the rate of capture will approach the
rate of withdrawal as heads stabilize to a new steady-state
condition. In the Tesuque aquifer system, changes in head
may make it impossible to continue withdrawals inde-
finitely at the specified locations.

If the withdrawals are simulated to stop at some fu-
ture date, the simulated system will eventually return to
the initial steady-state condition. The areas of figures 34
and 35 represent the volumes of water withdrawn from
each source. If withdrawals cease, capture will continue
until the volume of capture is equal to the volume with-
drawn from storage. If withdrawals were to cease, the rate
of capture would initially continue to increase. Eventually,
as heads near the streams begin to recover to steady-state
conditions, the rate of capture will decrease. After 100
years the rate of capture will be about 20 percent of the
tate of withdrawal. If withdrawals were to cease after 100
years and the rate of capture remained at 20 percent, the
system would require 500 years to return to initial steady-
state conditions. Recovery would require more time be-
cause the rate of capture will decrease as the steady-state
condition is approached.

MODEL SENSITIVITY

The confidence in the predicted response described
in the preceding section needs to be based on a subjective
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appraisal of the analogy between the Tesuque aquifer sys-
tem and the model. A significant part of this analogy is
the assumption that the aquifer characteristics of the
Tesuque aquifer system have the same or similar charac-
teristics assumed in the model. Because the aquifer char-
acteristics are not known with certainty, the sensitivity of
the model to each of several selected characteristics was
tested.

The sensitivity of the model was tested by changing
the values assumed for each of five aquifer characteristics.
The extent to which this variation affects the simulated re-
sponse is a qualitative measure of the sensitivity of the
model to uncertainty in that aquifer characteristic. Thus,
if the variation produces a minor change in the predicted
response, the model is not very sensitive to that aquifer
characteristic.

The sensitivity of the model was tested for five
aquifer characteristics: thickness, hydraulic conductivity,
anisotropy ratio, specific storage, and specific yield of the
Tesuque Formation. The altemative thickness of the
Tesuque Formation was assumed to have a maximum
thickness of about 9,000 feet as indicated by Kelley
(1978). For the other characteristics, the alternative values
were the lower and upper limits of the plausible range as
given in tablel. For each instance, the impact on both the
simulated steady-state condition and the transient response
is described by comparing the standard simulation (the
one described thus far in the report) with an alternative
simulation (one in which an aquifer characteristic had an
alternative value).

The impact on the simulated steady-state condition
indicates whether the value to which the aquifer character-
istic was varied exceeds the uncertainty with which the
value of the characteristic is known. If the steady-state
condition simulated with the varied characteristic is com-
patible with available data, then the simulated transient re-
sponse provides a measure of the uncertainty of the true
transient response.

The sensitivity of the simulated steady-state condi-
tion is displayed in two figures and a table for each of the
five aquifer characteristics. The first figure for each char-
acteristic is a graph comparing historical water levels for
sclected sites in and near the Pojoaque River basin with
those simulated by the model. The effect of characteristic
variation can be seen by comparing the resultant figure
with the equivalent figure (fig. 10) for the standard simu-
lation. The second figure is a bar graph that displays the
steady-state flow rates for both the standard and the varied
simulations. The table presents the vertical hydraulic gra-
dients for the same four sites given in table 5.

The sensitivity of the transient response is displayed
in nine figures. Eight figures are graphs showing the
change in hydraulic head at each of the eight sites shown
in figure 25. In each, the change in hydraulic head for the
standard simulation (as shown in figures 26-33) is accom-
panied by the equivalent graph for the varied simulation.




The final graph presents the source of water withdrawn
from wells for both the standard and the varied simula-
tions in 2030 after 50 years of withdrawals for the irriga-
tion development.

In some instances the sensitivity to the aquifer char-
acteristic is so small that the difference from the standard
simulation is not demonstrated by the figure. For those in-
stances the figures have been omitted.

Thickness of the Tesuque Formation

The predicted response was obtained by assuming
that the maximum saturated thickness of the Tesuque
aquifer system is about 4,000 feet (fig. 4). Because the
thickness of the Tesuque Formation is not known and be-
cause some researchers (Kelley, 1978) postulate saturated
thickness of as much as about 9,000 feet, the sensitivity
of the model 10 a greater saturated thickness was tested.
The alternative saturated thickness used for the sensitivity
test (fig. 36) ranges from zero to almost 9,000 feet. This
increase in saturated thickness provides both a greater vol-
ume in which water is stored under confined conditions
and a greater cross-sectional area for flow.

Simulated Steady-State Condition

The simulated steady-state condition does respond
to the variation of saturated thickness. The comparison
with historical hydraulic heads is shown in figure 37 for
the simulation assuming the greater saturated thickness
and in figure 10 for the standard simulation. The agree-
ment is better for the standard simulation, especially for
water levels greater than about 6,400 feet. The hydraulic
heads are lower for the simulation assuming a greater
saturated thickness. The sensitivity of the steady- state
condition to saturated thickness is significant enough that
a model with the saturatcd thickness shown in figure 36
would require adjustments in other aquifer characteristics
to provide a comparable agreement with the historical
steady-state condition.

Historical vertical hydraulic gradients are compared
with simulated gradients in table 14. For the sites at the
Pueblo Grants of San Ildefonso and Tesuque, the gra-
dients simulated by assuming the greater saturated thick-
ness are closer to the historical gradients than those of the
standard simulation. However, for the standard simulation
the mean is 0.14, the same as that for the historical
values. With the greater thickness, the simulated gradients
have a mean of 0.12.

The steady-state flow through the system is greater
for the simulation assuming a greater saturated thickness
of the Tesuque Formation (fig. 38). The discharge to the
Rio Grande is 31.04 cubic feet per second, 41 percent

Table 14. Effect of variations in represented saturated thick-
ness on vertical hydraulic gradients

Vertical hydraulic gradient

Site at Historical Simulated
pueblo grant [ ——
(location Standard Greater
shown in saturated  satursted
fig. 1 thickness  thickness
San Ndefonso _____....._.___ 012 0.0 0.43
Pojoaque __ . . ... _.___ 12 o 4
Nambe ... __ - 20 15 a1
Tesuque ____ ... 12 21 A2
Mean ... ... ... 14 14 12

larger but still compatible with available data. Most of the
increased recharge is from the Santa Fe River and the cells
along the eastern margin of the Tesuque Formation, where
the recharge has more than doubled. The net recharge
from the Pojoaque River is increased about 0.22 cubic
foot per second, and that along the western margin is in-
creased about 22 percent. The Santa Cruz River has
changed from a stream that recharges the ground-water
system to one that receives discharge from the ground-
water system.

Simulated Transient Response

The variation of saturated thickness affects the
simulated transient response at a site. The difference can
be seen both in the changes in hydraulic head and in the
source of the water withdrawn from wells.

The sensitivity of the simulated declines in hyd-
raulic head in the production zone to variation in saturated
thickness is shown at five of the eight locations shown in
figure25. The simulated decline in hydraulic head after
100 years of development varies less than 2 feet from the
standard simulation for the sites near Los Alamos Canyon
well field (standard simulation shown in fig. 26), Guaje
Canyon well field (standard simulation shown in fig. 27),
and Pajarito Mesa well field (standard simulation shown in
fig. 28). The difference is greater at the remaining five
sites. The difference in response is shown for the sites
near the Buckman well field (fig. 39), near San lldefonso
Pueblo (fig. 40), near Pojoaque Pueblo (fig. 41), near
Nambe Pueblo (fig. 42), and near Tesuque Pueblo (fig.
43). In all instances the declines in hydraulic head are less
for the simulation that assumes a greater saturated thick-
ness. The maximum decline in hydraulic head at any node
in the model after 50 years of development is 242 feet
with the greater saturated thickness as compared to 334
feet for the standard simulation.
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Figure 37. Comparison between measured or reported water levels for selected wells and springs and water levels simulated

by assuming a greater saturated thickness.

The effect of variation in saturated thickness on the
source of water withdrawn from wells is shown (fig. 44)
by comparing the flow rates in 2030 after 50 years of de-
velopment. With a greater saturated thickness, a larger
percentage of the withdrawals comes from storage in the
Tesuque Formation, and a smaller percentage comes from
capture from the Pojoaque River.

A model with greater saturated thickness would re-
spond differently if the other aquifer characteristics were
adjusted to improve the comparison with the historical
steady-state condition. The transient response for a calib-
rated model with greater saturated thickness might more
closely resemble that of the standard simulation than does
the response of the model with greater saturated thickness
presented here.
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Figure 38. Effect of variations in represented saturated thick-
ness on steady-state flow rates.

Hydraulic Conductivity

The predicted response was obtained by assuming
that the hydraulic conductivity of the Tesuque aquifer sys-
tem was 1.0 foot per day. The sensitivity of the model to
this characteristic was tested with alternative simulations
in which the hydraulic conductivity was assumed to be 0.5
and 2.0 feet per day, the lower and upper limits of the
plausibie range (table 1). In each instance, the constant of
proportionality (leakance coefficient) for hydraulic-head-
dependent boundaries was recalculated from the hydraulic
conductivity. Decreasing the hydraulic conductivity re-
duces the ability of an aquifer to transmit water.

Simulated Steady-State Condition

Hydraulic head changes slightly with varying hyd-
raulic conductivity. However, the comparison between
historical and simulated hydraulic heads does not differ
significantly from that shown in figure 10 for the standard
simulation. Similarly, the vertical gradients do not differ
significantly from those shown in table 5 for the standard
simulation.

The steady-state flow rates are sensitive to hydraulic
conductivity (fig. 45). The greater the hydraulic conduc-
tivity, the more flow through the system is required to
maintain the hydraulic-head distribution. Discharge to the
Rio Grande ranges from 11.02 to 44.10 cubic feet per sec-
ond (fig. 45) as the hydraulic conductivity ranges from 0.5
1o 2.0 feet per day. The lower rate (11.02 cubic feet per
second) is about 0.2 cubic foot per second per mile, and
the higher rate (44.10 cubic feet per second) is about 1.0
cubic foot per second per mile. Both are compatible with
the data presented in an earlier section on “Flow Between
Ground Water and Surface Water in the Prototype: Rio
Grande.”

Although the simulated steady-state condition is
sensitive to the hydraulic conductivity, even the extremes
of the plausible range (table 1) produce results that are
compatible with available data.

Simulated Transient Response

The variation of hydraulic conductivity affects the
simulated transient response. The difference can be seen
both in the changes in hydraulic head and the source of
the water withdrawn from wells.
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Figure 40. Effect of variations in represented satured thick-
ness on decline in hydraulic head near San lidefonso Pueblo
{row 11, column 7, layer 17).

The sensitivity of the simulated change in hydraulic
head in the production zone to hydraulic conductivity is
shown at each of the eight locations shown in figure 25
(figs. 46-53). In each instance. small hydraulic conductiv-
ity is associated with large declines in hydraulic head.
With the small hydraulic conductivity, less water is con-
ducted toward the area of withdrawal from the neighbor-
ing areas, and greater declines in hydraulic head occur in
the immediate vicinity of the withdrawals. The maximum
decline in hydraulic head at any cell in the model after 50
years of development is 210 feet for the large hydraulic
conductivity compared to 334 feet for the standard simula-
tion and 474 feet for the small hydraulic conductivity. Be-
cause water is conducted more slowly toward the area of
withdrawal from the neighboring areas, the effect on adja-
cent areas develops more slowly for the small hydraulic
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Figure 42. Effect of variations in represented saturated thick-
ness on decline in hydraulic head near Nambe Pueblo (row
8, column 16, layer 8).

conductivity. After 50 years of development, more water
is withdrawn from storage and streamflow capture is less
for the small hydraulic conductivity (fig. 54). The small
sensitivity of capture from the Pojoaque River is the result
of the limited flow and the nearness of withdrawals to the
location. In each instance, almost the entire flow is cap-
tured within 50 years.
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Figure 43. Effect of variations in represented saturated thick-
ness on decline in hydraulic head near Tesuque Pueblo (row
14, column 18, layer 6).
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Figure 44. Effect of variations in represented saturated thick-
ness on the source of water withdrawn from wells.

Anisotropy Ratio

The predicted response was obtained by assuming
that the anisotropy ratio (the ratio of hydraulic conductiv-
ity normal to the beds to that parallel to the beds) was
0.003. The sensitivity of the model to this aquifer charac-
teristic was tested with altermative simulations in which
the hydraulic conductivity normal to the beds was as-
sumed to be 0.001 foot per day and 0.0l foot per day.
With hydraulic conductivity parallel to the beds of 1.0
foot per day, the anisotropy ratios are 0.001 and 0.01, the
lower and upper limits of the plausible range (table 1). To
decrease the anisotropy ratio reduces the ability of the
aquifer to transmit water vertically and in the direction of
the dip (both of which require flow normal to the beds)
without changing the ability to transmit water in the direc-
tion of the strike.

Simulated Steady-State Condition
The simulated steady-state condition does respond

to variations in anisotropy ratio. The comparison with his-
torical hydraulic heads is shown in figure 55 for the simu-
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lation assuming a smaller anisotropy ratio and in figure 56
for the simulation assuming a larger anisotropy ratio. The
changes are variable from site to site. At some sites
(spring 5 and wells 22 and 23, for example) the simulated
hydraulic head assuming a small ratio (fig. 55) is higher
than the hydraulic head assuming a large ratio (fig. 56).
At other sites (spring 7 and wells 31 and 50, for example)
the hydraulic head is higher for the simulation assuming
a large ratio. The general agreement between the historical
and the simulated hydraulic heads is equally good in both
instances.

The sensitivity of vertical hydraulic gradients
(table15) refiects the increased difficulty of transmitting
water vertically, which is associated with a smaller anisot-
ropy ratio. Generally, the vertical hydraulic gradient in-
creases as the anisotropy ratio is decreased.

The steady-state flow rates are sensitive to the
anisotropy ratio (fig. 57). The smaller the anisotropy ratio,
the less flow through the system is required to maintain
the hydraulic-head distribution. Discharge to the Rio
Grande ranges from 10.49 to 41.73 cubic feet per second
as the anisotropy ratio ranges from 0.001 to 0.01. The
smaller rate is about 0.2 cubic foot per second per mile,
and the larger rate is about 0.9 cubic foot per second per
mile. Both are compatible with the data presented in an
earlier section on “Flow Between GroundWater and Sur-
face Water in the Prototype: Rio Grande.”

Therefore. although the simulated steady-state con-
dition is sensitive to the anisotropy ratio, even the ex-
wemes of the plausible range (table 1) produce results that
are compatible with available data.

Table 15. Effect of variations in represented anisotropy ratio
on vertical hydraulic gradients.

Vertical hydraulic gradient

Site at Historical Simulated
pueblo grant

(location Small  Standard  Large
shown in aniso- aniso- aniso-
fig.1) wophy  trophy  wophy
ratio mtio ratio
0.12 0.09 0.09 0.08
12 1n 09 05
.20 4 15 13
12 .25 2t .14
Mean ..______.. 14 15 14 10
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Figure 48. Effect of variations in hydraulic conductivity on
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column 7, layer 17).
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Figure 51. Effect of variations in hydraulic conductivity on
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umn 12, layer 12).
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Figure 52. Effect of variations in hydraulic conductivity on
decline in hydraulic head near Nambe Pueblo (row 8, col-
umn 16, layer 8).
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Figure 54. Effect of variations in hydraulic conductivity on
the source of water withdrawn from wells.

S

Simulated Transient Response

The simulated transient response does differ due to
the variation of anisotropy ratio. The difference can be
seen both in the changes in hydraulic head and in the
source of the water withdrawn from wells.

The sensitivity of the simulated change in hydraulic
head in the production zone to the anisotropy ratio is

shown at each of the eight locations shown in figure 25
(figs. 58-65). The variety of response can be rationalized
into a consistent pattern by considering the four sites out-
side of the Pojoaque River basin. Near the well fields of
Guaje Canyon (fig. 59), Pajarito Mesa (fig. 60), and
Buckman (fig. 61), the smaller anisotropy ratio results in
the greatest decline in hydraulic head. At each of these
sites, the decline in hydraulic head due to withdrawals in
the Pojoaque River basin is small relative to the decline
in hydraulic head due to withdrawals at the site (figs. 27-
29). Near Los Alamos Canyon well field, only about half
the decline in hydraulic head after 1980 is due to with-
drawals at the site. About half the decline in hydraulic
head is due to withdrawals in the Pojoaque River basin
(fig.26). Before 1980 (when the decline in hydraulic head
was due mostly to withdrawals at the site), the smaller
anisotropy ratio results in the larger decline in hydraulic
head (fig. 58). After 1980 (when about half the decline in
hydraulic head is due to withdrawals elsewhere), the smal-
ler anisotropy ratio slows the flow of water toward the dis-
tant point of withdrawal and results in the smalier decline
in hydraulic head near the Los Alamos Canyon well field
(fig. 58).

The same phenomenon appears to be occurring at
the sites within the Pojoaque River basin. At the sites near
the pueblos of San Ildefonso (fig. 62) and Nambe (fig. 64)
the smatler anisotropy ratio results in the larger decline in
hydraulic head. These sites are both located near centers
of maximum change in head (fig. 25). The more distal site
near Tesuque Pueblo (fig. 25) responds similarly to the
one near Los Alamos Canyon well field. That is, during
the first fifty years of withdrawals, the smaller anisotropy
ratio results in the larger decline in hydraulic head (fig.
65). Later (when a significant part of the decline in hyd-
raulic head is due to withdrawals elsewhere), the smaller
anisotropy ratio slows the flow of water toward the distant
point of withdrawal and results in the smaller decline in
hydraulic head near Tesugue Pueblo (fig. 65).

The site near Pojoaque Pueblo has a mixed response
to the variation of the anisotropy ratio. The comparison
between the standard simulation and the one assuming a
large anisotropy ratio (fig. 63) is similar to that for the
sites near San lldefonso Pueblo (fig. 62) and Nambe Pue-
blo (fig. 64). The comparison between the standard simu-
lation and the one assuming a small anisotropy ratio (fig.
63) is similar to that for the site near Tesuque Pueblo (fig.
65).

Because of the effect on the ability of the aquifer to
transmit water toward the point of withdrawal, the source
of water withdrawn from wells 1s sensitive to the anisot-
ropy ratio. The rate of withdrawal from storage is about
86 percent in each instance (fig. 66). However, the
streams from which flow is captured are sensitive to the
anisotropy ratio. With a smaller anisotropy ratio, less flow
is captured directly from the Rio Grande and more flow
is captured from the Pojoague River and other tributaries.
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Figure 55. Comparison between measured or reported water levels for selected wells and springs and water levels simu-
jated by assuming a smalier anisotropy ratio.
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Figure 59. Effect of variations in anisotropy ratio on decline
in hydraulic head near Guaje Canyon well field (row 13, col-

umn 3, layer 21).
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Figure 61. Efiect of variations in anisotropy ratio on decline
in hydraulic head near Buckman well field (row 17, column
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Figure 62. Effect of variations in anisotropy ratio on decline
in hydraulic head near San lidefonso Pueblo (row 11, col-
umn 7, layer 17).
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Figure 63. Effect of variations in anisotropy ratio on decline
in hydraulic head near Pojoaque Pueblo (row 9, column 12,

layer 12).
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Specific Storage: Simulated Transient Response

The predicted response was obtained by assuming a
specific storage of 2 X 10~ per foot. The sensitivity of the
model to this aguifer characteristic was tested with alterna-
tive simulations in which the specific storage was assumed
to be 1X107° and 1x 103 per foot, the lower and upper
limits of the plausible range (table1). The larger the specific
storage, the more water is released from confined storage for
each foot of decline in hydraulic head.

The simulated steady-state condition is independent of
the variation of specific storage. The steady-state condition
described in figures 10 and 11 is unchanged.

The simulated transient response does differ due to the
variation of specific storage. The difference can be seen both
in the declines in hydraulic head and in the source of the
water withdrawn from wells. The sensitivity of the simulated
declines in hydraulic head in the production zone to the
specific storage is shown at five of the eight locations shown
in figure 25 (figs. 67-71). The responses near the well fields
of Los Alamos Canyon, Guaje Canyon, and Pajarito Mesa
are insensitive to specific storage and are about the same as
for the standard simulation (figs. 26-28). For the sites near
Buckman well field (fig. 67). San Ildefonso Pueblo (fig. 68),
Pojoaque Pueblo (fig. 69), Nambe Pueblo (fig. 70), and
Tesuque Pueblo (fig. 71), the larger the specific storage, the
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Figure 66. Effect of variations in anisotropy ratio on the
source of water withdrawn from wells.

smaller the decline in hydraulic head. Increasing specific
storage by a factor of 10 (from 107 to 10~ per foot) de-
creases the maximum 50-year drawdown at any cell in the
model from 336 to 321 feet.

Although the specific storage determines the volume
of water released from artesian storage, the source of water
withdrawn from wells is relatively insensitive to variations
in specific storage. Increasing specific storage by a factor of
10 (from 10~ %t0 10~3 per foot) increases the rate of with-
drawal from storage (fig. 72) from 85.5 to 88.0 percent.
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Figure 68. Effect of variations in specific storage on decline
in hydraulic head near San Hldefonso Pueblo (row 11, col-
umn 7, layer 17).
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Figure 69. Effect of variations in specific storage on decline
in hydraulic head near Pojoaque Pueblo (row 9, column 12,
layer 124.
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Figure 70. Effect of variations in specific storage on decline
in hydraulic head near Nambe Pueblo (row 8, column 16,
layer 8).
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Figure 71. Effect of variations in specific storage on decline
in hydraulic head near Tesuque Pueblo (row 14, column 18,
layer 6).

Specific Yield: Simulated Transient Response

The predicted response was obtained by assuming a
specific yield of 0.15. The sensitivity of the model to this
aquifer characteristic was tested with alternative simula-
tions in which the specific yield was assumed to be 0.10
and 0.20, the lower and upper limits of the plausible range
(table 1). The larger the specific yield, the more water is
released from unconfined storage for each foot of decrease
in hydraulic head.

The simulated steady-state condition is independent
of the variations of specific yield. The steady- state condi-
tion described in figures 10 and 11 is unchanged.

The simulated transient response does differ due to
variations in specific yield. The difference can be seen
both in the declines in hydraulic head and in the source
of water withdrawn from wells.

The sensitivity of the simulated decline in hydraulic
head in the production zone to the specific yield is shown
at each of the eight locations shown in figure 25 (figs. 73—
80). At each site, the larger the specific yield, the smaller
the decline in hydraulic head. Doubling specific yield
(from 0.10 to 0.20) decreases the maximum 50-year draw-
down at any cell in the model from 378 to0 312 feet.
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figure 72. Effect of variations in specific storage on the
source of water withdrawn from wells.
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The source of water withdrawn from wells is more
sensitive to variations in specific yield than to those in
specific storage. Doubling specific yield (from 0.10 to
0.20) increases the rate of withdrawal from storage (fig.
81) from 82.8 to 87.5 percent.
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Figure 73. Effect of variations in specific yield on decline in
hydraulic head near Laos Alamos Canyon well field (row 13,
column 5, layer 19).
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Figure 74. Effect of variations in specific yield on decline in
hydraulic head near Guaje Canyon well field (row 13, col-
umn 3, layer 21).
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Figure 75. Effect of variations in specific yield on decline in
hydraulic head near Pajarito Mesa well field (row 16, col-
umn 3, layer 21).
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Figure 76. Effect of variations in specific yield on decline in
hydraulic head near Buckman well field (row 17, column 7,
layer 17).
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Figure 77. Effect of variations in specific yield on decline in
hydraulic head near San lldefonso Pueblo (row 11, column
7, layer 17).
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Figure 78. Effect of variations in specific yield on decline in
hydraulic head near Pojoaque Pueblo {row 9, column 12,
layer 12).
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Figure 79. Effect of variations in specific yield on decline in
hydraulic head near Nambe Pueblo (row 8, column 16, layer
8).
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Figure 80. Effect of variations in specific yield on decline in
hydraulic head near Tesuque Pueblo (row 14, column 18,
layer 6).

Uncertainty in Predicted Response

The preceding sensitivity tests are an aid in translat-
ing the uncertainty with which aquifer characteristics are
known into uncertainty in the predicted response. The pre-
dicted response was obtained with the values of aquifer
characteristics described (table 1) as the most likely aver-
age value. The uncertainty in these estimates is indicated
by a range of values called the plausible range. The upper
and lower limits of the plausible range were used for the
sensitivity tests; therefore, the resultant uncertainty in pre-
dicted response is demonstrated by the declines in hyd-
raulic head and the source of water withdrawn from wells,
as simulated by the sensitivity tests.

Uncertainty in the predicted maximum decline in
hydraulic head is shown in table 16. In the standard simu-
lation, the maximum simulated decline in head after 50
years of withdrawals for irrigation development is 334
feet. The equivalent values from the sensitivity tests vary
about 40 percent from this value duc to variation of hyd-
raulic conductivity; about 30 percent is due to the varia-
tion of saturated thickness of the Tesuque Formation, and
about 20 percent or less is due to the variation of other
aquifer characteristics.

"
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Figure 81. Effect of variations in specific yield on the source
of water withdrawn from wells.

Table 16. Predicted maximum decline in hydraulic head (in
feet) in 2030 after 50 years of withdrawals for irrigation de-
velopment

Lowes limit  Upper limit

Aquifer characteristic of plausible  of plausible
being varied range range
Saturated thickness of the Tesuque Formation o 242
Hydraulic conductivity parallel to the beds. . 474 210
Anisotropy ratio ___ ... oo..ooo.io.a-n 382 265
Specific storage ___. 336 kydl
Specific yield __ .. .oaaao 378 K}V

Simulated declines in hydraulic head are most sensi-
tive to hydraulic conductivity. At the four sites in the
Pojoaque River basin, increasing hydraulic conductivity
by a factor of 4 (from 0.5 to 2.0 feet per day) decreases
the declines in hydraulic head after 50 years of withdraw-
als by a factor of 2 or more: from 168 to 54 feet at the
site near San Ildefonso Pueblo (fig. 50), from 350 to 125
feet at the site near Pojoaque Pueblo (fig. 51), from 246
to 112 feet at the site near Nambe Pueblo (fig. 52), and
from 312 to 140 feet at the site near Tesuque Pueblo (fig.
53).

Uncertainty in the predicted source of water with-
drawn from wells is shown in table 17. Storage within the
aquifer system is the simulated source of about 80 to 90
percent of the water withdrawn from wells in 2030, after
50 years of withdrawals for irrigation development. For
the standard simulation, storage accounts for 85.8 percent
of the withdrawals. Variations in aquifer characteristics
that make aquifer storage a more important source are gre-
ater thickness, smaller hydraulic conductivity, larger
specific storage, larger specific yield, and larger anisot-
ropy ratio. Variations in aquifer characteristics that make
aquifer storage a less important source are large hydraulic
conductivity, small specific yield, small specific storage,
and small anisotropy ratio.

Streamfiow caplure is the source of the remaining
10 1o 20 percent of the water withdrawn from wells in
2030 after 50 years of withdrawals. The capture from in-
dividual streams is quite variable. For example, the rate of
capture from the Rio Grande ranges from 0.98 cubic foot
per second (for small hydraulic conductivity) to 3.25
cubic feet per second (for large hydraulic conductivity).
However, because all streams are tributary to the Rio
Grande, all streamflow capture and diversion will deplete
the flow of the Ric Grande downstream from the modeled
area.

The predicted total streamflow capture is 5.63 cubic
feet per second for the standard simulation. The sensitivity
tests simulated values ranging from 3.99 cubic feet per sec-
ond (for greater saturated thickness) to 7.97 cubic feet per
second (for large hydraulic conductivity). Considering the
diversion for irrigation of 13.14 cubic feet per second (table
13) from the tributaries of the Pojoaquc River, the total pre-
dicted decrease in the flow of the Rio Grande downstream
from the modeled area in 2030 after 50 years of withdrawals
is 18.77 cubic feet per second (5.63 plus 13.14) for the stan-
dard simulation. Equivalent values from the sensitivity tests
vary about 12 percent from this value, from 17.13 cubic feet
per second (3.99 plus 13.14) w0 21.11 cubic feet per second
(7.97 plus 13.14).

SUMMARY
A three-dimensional model has been described that re-
presents the Tesuque aquifer system underlying the Pojoaque
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Table 17. Predicted source (in percent) of water withdrawn from wells in 2030 after 50 years

of withdrawals for irrigation development.

Capture from
Limit of  Storagein Santa  Pojo-
Aquifer characteristic being varied plausible Tesugque Cruz aque Samta Fe Rio
range Formation ~ River  River River Grande
Standard simulation ... ... .. . _........ 85.8 2.8 6.2 04 4.8
Saturated thickness of the Tesuque Formation _ Upper 90.0 39 0.9 0.4 4.8
Hydraulic conductivity paraliel to the beds. __.___...... Upper 79.9 4.5 6.6 0.8 8.2
Lower 89.2 17 6.4 0.2 25
ANISOITOPY TatI0 _ .. iieceiicmeaanen Upper 86.0 27 18 0.2 9.2
Lower 85.6 28 9.2 0.8 1.6
Specific SOFARE . L. . e iiiciiaan Upper 88.0 2.1 6.1 0.1 17
Lower 85.5 29 6.2 0.4 5.0
Specificyield ... . Upper 87.5 23 6.0 0.3 39
Lower 82.8 37 6.3 0.5 6.6

River basin and vicinity. The total simulation time is divided
into three stages: steady-state, historical, and projected. Al-
though the term calibration™ is avoided because of the conno-
tation of control over the accuracy with which aquifer char-
acteristics are estimated, the structure and boundaries were
revised until the simulated steady-state condition satisfactor-
ily reproduced historical data. This condition was achieved
with a structure in which the beds in the Pojoaque Riverbasin
dip 8° to the northwest with a strike of N. 25° E. Saturated
thickness of the Tesuque aquifer system is represented as
about 4,000 feet along the Rio Grande. The Rio Grande, the
Santa Cruz River, and the downstream reach of the Santa Fe
River are simulated as specified-hydraulic-head boundaries.
The upstream reach of the Santa Fe River and recharge areas
along the cast and west margins of the basin are simulated
as specified-flow boundaries. The Pojoaque River and its
tributaries are simulated as hydraulic-head-dependent
boundaries. It was not necessary to revise the initial esti-
mates of aquifer characteristics to approximate the steady-
state condition within the limits of the accuracy of available
data. The hydraulic conductivity parallel to the beds is esti-
mated to be 1.0 foot per day. The vertical-to-horizontal
anisotropy ratio is estimated to be 0.003. The specific storage
is estimated to be 2 x 10~ per foot. The specific yield is esti-
mated tobe 0.15.

The simulated historical phase produced no response
which forced rejection of the model based on historical data.

The projection phase simulates the withdrawal of
28.41 cubic feet per second for irrigation development in ad-
dition to 11.24 cubic feet per second of continued historical
withdrawals. Storage in the Tesuque aquifer system is the
primary source for the simulated withdrawals. In 2030, after
50 years of irrigation development, storage is the source for
86 percent of the total withdrawals. As withdrawals con-

tinue, the percentage of water obtained from streamflow cap-
ture will gradually increase.

The Pojoaque River is the surface-water system that
is most affected by the development. The model simulates
the decrease in flow of the Pojoaque River by diversion
for irrigation and loss to the ground water reservoir.
Simulated Pojoaque River discharge to the Rio Grande is
negligible even in the first year of irrigation development.

Because all streams are tributary to the Rio Grande,
all streamflow capture and diversion will deplete the flow
of the Rio Grande. The total predicted decrease in the
fiow of the Rio Grande downstream from the modeled
area in 2030 after 50 years of withdrawal is 18.77 cubic
feet per second (5.63 capture plus 13.14 diverted) with ir-
rigation development and 10.13 cubic feet per second
(2.46 capwre plus 7.67 diverted) without irrigation de-
velopment.

The sensitivity of the model was tested by varying
selected aquifer characteristics to the limits of the plausi-
ble range. In sensitivity tests the maximum simulated de-
cline in hydraulic head after 50 years of withdrawals var-
ies within about 40 percent of the 334 feet obtained in the
standard simulation. Simulated declines in hydraulic head
are most sensitive to hydraulic conductivity. If the range
defined by sensitivity tests of hydraulic conductivity is not
considered, the maximum simulated decline in hydraulic
head after 50 years of withdrawals varies within about 30
percent of the 334 feet obtained in the standard simula-
tion. The total simulated decrease in the flow of the Rio
Grande downstream from the modeled area after 50 years
of withdrawals for irrigation development varies within
about 12 percent of the 18.77 cubic feet per second ob-
tained in the standard simulation.
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METRIC CONVERSION FACTORS

In this report figures for mcasurements are given in inch-pound units only. The following table contains factors for converting to metric

units.

Multiply inch-pound units By To obtain metric units

foot 0.3048 meter

foot per day 0.3048 meter per day

foot per year 0.3048 meter per year

square foot 0.0929 square meter

foot squared per day 0.0929 meter squared per day
cubic foot 0.02831 cubic meter

cubic foot per second 0.02831 cubic meter per second
foot per mile 0.1894 meter perkilometer
gallon 3.785 liter

gallon per minute 0.06309 liter per second

gallon per minute per foot 0.2070 liter per second per meter
inch 25.40 millimeter

mile 1.609 kilometer

acre 0.4047 hectare

acre-foot 0.001233 cubic hectometer
acre-foot per year 0.001233 cubic hectometer per year
acre-foot per acre 0.003048 cubic hectometer per hectare
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