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in adjacent aquifers (3.3 TU, from 44 spring and
well samples), supporting the hypothesis that
ground water in this system recharges adjacent
aquifers.

Pecos Slope Aquifer

The aquifer from approximately Mayhill
towards the eastern study boundary is geologi-
cally simple relative to the high mountain area,
though there are several faults and structural
zones which may influence the ground water.

Wells are completed in both Yeso and San Andres
Formations and a few springs discharge from the
Yeso Formation. Recharge to this aquifer occurs
primarily from the high mountain aquifer system
to the west.

The stable isotopic composition of ground
water in this aquifer is fairly constant over a large
area and is similar to that of springs and wells
sampled at the eastern edge of the high mountain
aquifer system. This trend is consistent with the
interpretation that recharge to the Pecos Slope
aquifer comes primarily from the high mountain
aquifer system.

Figure 47-The San Andres and Yeso Formations generally dip eastward, and the ground water table roughly mimics this pattern.
Recharge to the ground water is from precipitation (primarily snow melt). Hypothetical ground water flow paths (in purple) illustrate
recharge occurring in canyon bottoms, with some water going into deep flow paths and some following shallow flow paths. Perched
aquifers in the high mountain aquifer system are connected via fractures and surface water. Many springs and wells discharge water
which is a mixture of young, shallow water and deeper, older ground water. It is suspected that faulting in the region may cause verti-

cal upwelling of ground water from deep flow paths.
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The chemistry of this aquifer indicates Tularosa Basin Mountain Front Aquifer
that ground water has been in the subsurface
for a longer time period compared to the high The steep west side of the study area has very
mountain aquifer system. The observed water different geology and hydrologic characteristics
type of Ca-Mg-HCO;-SO, indicates that the than areas east of the range crest. The geology is
water chemistry is more evolved than that in complicated by mountain-front parallel faulting.
the high mountain aquifer system, and there- There are several springs that discharge along the
fore has been in the ground water system steep mountain front, and many wells through-
longer. out the area. We have collected minimal data

The relative age of the ground water in the for this area, but it does indicate that water is
Pecos Slope aquifer is also older than other different from the high mountain aquifer system
areas, with an average tritium concentration of and other areas encountered in this study. (Our
0.95 TU (from 31 spring and well samples). studies will focus on the northern Tularosa Basin

in the next few years.)
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V. SACRAMENTO MOUNTAINS WATERSHED STUDY

Introduction

The Sacramento Mountain watershed study
(SMWS) is a part of the Sacramento Mountain
Hydrogeology Study that is focused on under-
standing the hydrologic system and the impacts
of forest management at the watershed scale.
The SMWS utilizes hydrologic, geochemical, and
remote sensing techniques to examine how local
precipitation is partitioned and distributed in
the watershed and how this partitioning changes
due to a change in vegetation density, type, and
distribution as a result of thinning trees within
the watershed. Researchers from NMBGMR,
New Mexico State University College of Agri-
culture, the New Mexico Forest and Watershed
Restoration Institute, and New Mexico Tech
Department of Earth and Environmental Science
are working to accomplish the following goals:

Quantify the water balance at a water-
shed scale before and after the tree thin-
ning treatment.

Relate the observed changes in the water
balance to the local hydrogeology.
Construct a hydrologic model that can
be used to predict how the ground water
and surface water supply may be affected
by tree thinning.

The work described above on the regional
hydrogeology will help us to relate the observed
changes in the water balance due to tree thinning
in the watershed to the local hydrogeology. An
understanding of the regional and local hydroge-
ology is also important in deciding how to model
the system properly at a variety of scales. The
watershed scale water balance established under
the SMWS will be used to estimate a water bal-
ance on a larger scale for the regional study area.
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Study Area

The main study area is located in Three L
Canyon (Figure 48), which is on private proper-
ty. Initially, thinning will take place on the north-
ern slopes of the canyon. Data is being collected
on these slopes and on the ridge between Three
L and Eight Mile Canyons. Some data is being
collected in Eight Mile Canyon where trees are
currently being thinned. We are also monitoring
spring discharge in the spring in Cotton Canyon,
which is on U.S. Forest Service property and will
not be thinned.

Tree Thinning
The goal of the tree thinning prescription
is to restore a portion of the Three L Canyon

Evapotranspiration éP

: ] Psr San Andres Formation

|:| Sandstone
|:{ Mudstone
E Limeastone

O Spring

Figure 49-Conceptual model
of hydrologic system in Three
L Canyon showing compo-
nents of the watershed water
balance, including surficial
hydrologic processes, sche-
matic subsurface geology with
fractures (in blue), and rock
types labeled. Subsurface
arrows illustrate hydro-

logic connections between
aquifers. Some ground water
comes in from outside the

watershed. Local precipitation
also recharges the ground
water system through
fractures. Water leaves the
watershed via evapotraspira-
tion, surface water runoff, and
ground water leaving the local
system. Water is stored in the
watershed primarily in the soil,
and within the ground water
systems.
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watershed to historical tree densities. A pre-treat-
ment tree density and ground cover density has
been established by the NM Forest and Watershed
Restoration Institute at Highlands University.

The State Forestry Division Forest and Watershed
Health Office (FWHO) will provide technical
assistance to the Natural Resources Conservation
Service and Otero Soil and Water Conservation
District to develop a site-specific prescription for
tree thinning.

Water Balance Method
Figure 49 shows a conceptual model of the
hydrologic system in Three L Canyon based on
geologic, hydrogeologic and geochemical tech-
niques employed for the Sacramento Mountain
Hydrogeology Study described in this report. We
will use a water balance approach to evaluate
how local precipitation is partitioned among the
multiple components of the water balance. The
water balance method is a simple concept based
on the conservation of mass which is represented
in the following equation:
I-O=AS
where I is inputs, O is outputs and S is change in
storage. If inputs are greater than outputs, water
will be put into storage. If we are considering
storage in a ground water system, ground water
levels will increase. If outputs are greater than
inputs, water will be taken out of storage and
ground water levels will decrease. If inputs equal
outputs, storage will not change, and the system
is considered to be in steady state. If we consider
ground water and surface water systems together
in the Three L watershed, inputs include:
e Local precipitation
e Ground water coming from outside the
watershed
Outputs include:
e Evapotranspiration
e Surface water runoff leaving the
watershed
® Ground water leaving the watershed
In this system, water is primarily stored in:
e Soil
e Shallow ground water system associated
with springs
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® Regional mountain aquifer system
The following sections discuss possible ef-
fects of tree thinning on the water balance.

Possible Effects of Tree Thinning on Inputs

The thinning of trees in the Three L water-
shed will not affect the amount of ground water
flowing into the watershed, but it could have a
significant effect on the amount of local precipi-
tation that enters the system. A water balance
can be used to assess how much precipitation
might enter the hydrologic system (Figure 50).
In this case we will consider a surface within the
watershed, which includes a thin top layer of
soil, forest litter, and vegetation (both understory
and canopy). For this water balance, precipita-
tion is the only input while outputs include:

e Canopy interception (water that gets
intercepted by trees and evaporates)

e Understory interception (water that gets
intercepted by understory and evapo-
rates)

e Forest floor interception (water that gets
intercepted by forest floor and litter, and
then evaporates)

e Infiltration to ground water system

* Runoff to surface water system

The thinning of trees will obviously have an

impact on canopy interception, which in conif-
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Figure 50-The different components of the hill slope scale wa-
ter balance. Looking at the system in a smaller scale, the effects
of individual processes such as canopy, understory, and forest
floor interception, infiltration to ground water and surface runoff
will be addressed. Many of these components will be measured
before and after thinning



SACRAMENTO MOUNTAINS

erous forests can account for up to 40% of the
precipitation. A reduction in tree density will de-
crease canopy interception and therefore increase
the amount of water that reaches the ground.
Initially, understory interception will not change.
However, the thinning of trees may result in a
subsequent increase in understory vegetation and
therefore an increase in understory interception.
Because more water will reach the ground due to
the thinning process, there is potential for infil-
tration to the ground water system to increase.
The decrease in canopy interception may also
potentially increase runoff to the surface water
system. However, the change in texture of the
forest floor due to the mastication of the slash
may also potentially affect the amount of surface
water runoff.

Because Three L Canyon is an ephemeral
stream, water leaves the watershed as surface
water only during flash floods. Much of the
water that runs off hill slopes in Three L Can-
yon probably ends up infiltrating to the ground
water system. Therefore an increase in surface
runoff may result in an increase in infiltration to
the ground water system. An increase in infiltra-
tion may possibly increase storage in soil and the
saturated ground water systems.

Possible Effects of Tree Thinning on Qutputs
Thinning trees in the forest may also affect
the outputs from the watershed by changing the
amount of water that leaves the system due to
evapotranspiration, which includes water that
is used by trees (transpiration). A decrease in
transpiration from soil and the shallow saturated
ground water system may result in an increase in
the outflow of ground water from the watershed
and a possible increase in spring discharge.

Hydrogeologic Characterization
and Monitoring

Hydrogeologic monitoring entails collecting
data that will enable us to estimate each com-
ponent of the water balance and the change in
storage in ground water system. For this study,
the collection of baseline data is of utmost
importance because it enables us to characterize

the water balance under current conditions and
to establish typical responses of the hydrologic
system to different forcing mechanisms such as
precipitation events and the melting of snow
pack. The parameters monitored to obtain base-
line characterization of the system will continue
to be monitored during and after tree thinning.

We are currently collecting the following data:

e Water levels from shallow observation
wells (time series)

e Water levels from ponds on ridge (time
series)

e Discharge from springs in the study area
(time series)

e DPrecipitation and weather data (time se-
ries)

e Hill slope runoff

e (Canopy interception (time series)

e Water chemistry data from precipitation,
ground water, and springs (time series)

e Oxygen and hydrogen isotope data for
ground water, springs, and precipitation
(time series)

e Soil moisture and chemical profiles in soil
at several point locations

e In-situ soil moisture and matric potential
at several locations (time series)

e Electromagnetic induction (EMI) surveys
to assess spatial soil moisture variability in
the study area (repeat measurements on a
seasonal basis)

e Multiple remote sensing image analyses to
estimate evapotranspiration (ET) rates in
the study area

e Leaf area index

e Characterization of soil properties in the
study area.

Time Line
The following tasks have been completed to date:
e Installation of 3 weirs with continuous
data loggers to monitor discharge in
springs in Three L Canyon and Cotton
Canyon.
e Installation of a precipitation collector.
e Installation of weather stations.
e Installation of several rain gages.
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e Several EMI surveys to assess the spatial
variability of soil moisture

e Detailed description of soils in the study
area

e Vegetation survey in Three L Canyon
(tree density, tree height, wildlife pellet
counts, etc.)

e Monthly spring water sampling. Samples
are analyzed for general chemistry and
stable isotopes.

e The first remote sensing image analysis
to assess ET is underway.

e Soil samples have been collected at vari-
ous depths at several different locations
and analyzed for general chemistry, wa-
ter content, and stable isotopic composi-
tion of soil water.

¢ Installation of three monitoring wells.

e Initiation of plot-scale experiments that
compares water balances in thinned
plots to those of non-thinned plots.

Present — August 2010
Collection of baseline data

Present - August 2010
Pre-treatment experiments

During this time period, all time series data
listed above will continue to be monitored. The
baseline data collected will be used to direct ex-
periments such as hydrograph separations and/
or tracer tests to get a more precise understand-
ing of specific ground water flow paths. We will
construct a preliminary hydrologic model for
Three L Canyon.

August 2010 — October 2010 — Treatment
All time series data will continue to be col-
lected during the vegetation thinning process.

November 2010 — December 2012
Post-treatment study

We will continue collecting data to estimat-
ed water balance after the thinning treatment,
and complete the hydrologic model.
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General Conclusions

The data collected thus far is not sufficient
to come to any preliminary conclusions. Dis-
charge in the upper spring in Three L Canyon
has been relatively constant at around 30 gallons
per minute over the last 6 months. Geophysical
surveys (EMI) which measured apparent electri-
cal conductivity of soil showed lower values for
soils above the San Andres Formation and higher
values for soils above the Yeso Formation. Plot-
scale water balance experiments are under way
and should provide some information about how
vegetation affects the partitioning of rain into the
different components of the water balance. We
are currently compiling and analyzing data to be-
gin to estimate different components of the water
balance such as canopy interception, infiltration,
and evapotranspiration.

Predicting how the hydrologic system might
respond to the thinning of trees in the forest is
not a simple task because the response is site
specific. By estimating all the components of the
water balance and changes in storage, we should
be able to show how thinning trees in the Three
L Canyon will affect the hydrologic system and
the local ground water and surface water supply.
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VIi. FUTURE WORK

The Sacramento Mountains Hydrogeology
Study is fully funded through summer 2012, and
a final report will be delivered after that time.
We will continue to issue short quarterly prog-
ress reports. Future tasks and a timeline for the
watershed study are addressed in the previous
section. Future tasks for the regional hydrogeol-
ogy study include:

Geologic mapping — All geologic map-
ping and compilation has been completed
in the southern Sacramento Mountains.
We are currently revising the regional
cross-sections and working on carto-
graphic layout work of the final map,
which will be released with this Open
File Report in 2010.

Structure contour mapping — We will
extend the structure contour mapping to
the Bonney Canyon member — Rio Boni-
to member contact within the San Andres
Formation, to provide a structural datum
for the eastern portion of the study area.
Joint analyses — We will continue analyses
to assess the relationship between re-
gional fracture systems and ground water
flow characteristics.

Subsurface geologic analysis — Construc-
tion of fence diagrams using surface geol-
ogy and well records to identify strati-
graphic units and water-bearing zones
within the Yeso Formation.

Spring watershed analysis — We will in-
vestigate local watersheds associated with
sampled springs to identify possible zones
of surface water — ground water “recy-
cling” and to quantify this process.

Age dating analysis — We will improve
our interpretations of processes affect-
ing age estimates so that we can better

constrain residence times and/or ground
water age within the study area.
Quantification of recharge — We will
use different methods of estimating the
amount of precipitation that recharges
the ground water system in the high
mountain aquifer system.
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