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Itisapleasureto be hereto talk with you about the
science information and data provided by the U.S.
Geologica Survey, in support of you in your respon-
sibilities and endeavorsto understand and manage the
water resources of your state. We provide such
information nationwide through our network of
offices and have done so for about 120 years.

I’m going to talk about afew items, mostly from a
national perspective, and then mention afew specific
things here in our New Mexico program. | will talk
about stream gages, in particular something we call
our National Stream Flow Information Program, and
some new developments in data delivery that | hope
some of you areaready using. | asowant to show you
some new technologies that we are deploying in the

field, and then share a few comments about specific
activities here in New Mexico.

L et me begin with stream gages. Thisisone of the
most important things that we do at the USGS, to
provide science in support of resource management.
We operate about 7,000 stream gages nationwide.
Basically, a stream gage is a structure beside a river
bank, with some method of determining the water
level (or stage) on a continuous basis, recording that
water level at frequent intervals, such asonceevery 15
minutes (Fig. 1a). Of course, what we are mostly
interested inisn’t water level, but infact, discharge (or
flow). So we must, from time to time, make discharge
measurements, usually using a traditional current
meter, making velocity measurements in numerous
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verticals across the stream (Fig. 1b). The result is
essentially an empirical calibration, somethingwecall
a rating curve, which relates water level to the
discharge (Fig. 1c). This cadlibration is the most
important part of the job of stream gaging. It heedsto
be repeated frequently because our river channels are
constantly changing, so we need to make surethat this
calibration between stage and discharge is aways
accurate. Today most of our stream gages are
equipped with telemetry, which means the data goes
fromthe gage, up to ageostationary satellite, and back
down to our offices where the stage information is
converted into discharge. It is then provided to al
interested users, via the internet, in the form of a
hydrograph (Fig. 1d).
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Figure 1a-d, clockwise from upperleft; a. gaging station,
b. rating curve, c. hydrograph, d. current meter

The USGS stream gaging program is over 120
yearsoldand, infact, theentireprogram started herein
New Mexico at Embudo. It began as an experimental
activity to develop methods to train the technicians
and then disperse them across the United States. And
it was really the original concept of John Wesley
Powell, our second director of the USGS.

There are many uses for streamflow data. | will
discuss them here in somewhat of a chronological
order. It may help you understand all the reasons why
this gaging activity is so important.

When John Wesley Powell was looking at the
development of the West, he said that the key to
appropriate development was to appraise the water
resources so that they could be allocated properly and
not over-allocated. At that time the major concern, of
course, was irrigation—how much land could be
irrigated with the amount of water available in our

rivers. This evolved into the issue of designing the
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nation’ swater infrastructure. If oneisgoing to build a
dam or adiversion, one needsto know how much flow
is available so that one could determine the kind of
yield that can be obtained. This can only be done
through stream gaging.

The next issue was flood hazard planning and
flood forecasting. Determining the extent of the 100-
year flood plain requires a statistical analysis of the
measured flood flows over a period of years. The
resulting flood-frequency curve can be used to
estimate the flow that would occur with an average
recurrence interval of, say, 10 years or 100 years.
These flood-frequency curves can be regionalized for
extrapolation to ungauged streams. And with good
topographic maps, they can be used to map areas that
would be inundated at selected recurrence intervals.

Flood forecasting is a very important function,
one carried out by our colleagues in the Nationa
Weather Service. They havethe missionto providenot
only the flood forecast but also stream-flow forecasts
in general for the nation. In order to provide flood
forecasts they need a number of things: precipitation
information, temperature information, and forecasts
of what the weather is going to do. They also need
hydrologic models and they need the current
hydrologic datato make sure that they are on track in
their forecasts. Accurate models depend on both
historical and current stream flow information.

Nextisreservoir operations. If onehasareservoir,
one needs to make surethat it is operated properly, in
anticipation of flood flows, and during drought flows.
To make those day-to-day, hour-to-hour operational
decisions, managers must know the current rates of
inflow to and outflow from the reservoir.

Recently, water quality management has become
an important reason for having stream gages. Permits
set for wastewater discharges depend on having flow
information so that one can understand dilution and
predict the effect of a wastewater effluent on the
receiving water, including its level of dissolved
oxygen. We have something new in all of our livesin
terms of water quality, something called “TMDLS.”
Now some people think that stands for “too many
damnlawyers.” It actually standsfor “ Total Maximum
Daily Load.” What is load? Load is a concentration
multiplied by flow. Onecan’t begintotalk about Total
Maximum Daily Load if one does not have flow
information coupled with the water-quality informa:
tioninthat analysis. Thisisyet another critical reason
for having the flow information.
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The need to maintain instream flow to protect
aquatic habitat is another critical issue in water
management that frequently conflictswith some of the
more traditional uses of the water in our urban areas
and agriculture. One can't begin to determineinstream
flow needswithout theflow information to understand
what the traditional flow regimes were before the
development and what they are today.

| think the previoustalk really did awonderful job
emphasi zing the importance of changesin the stream
flow. Stream flow changes for a variety of reasons.
Theeffect of human activity and vegetation changeon
the landscape is a critical reason that stream flow
changes. We need to measure flow so that we can
guantify what is happening as vegetation changes. In
addition to that, we have issues such as long-term
climate variations and even potentially long-term cli-
mate changes due to thingslike the greenhouse effect.

And finally, | would mention recreation uses and
recreational safety. In this era where our data are
available so readily on the internet, anyone who is
planning to go fishing, kayaking, canoeing, rafting,
you hameit, will want to know what the conditionsare
before they go out to their favorite site for those
activities. They can check that information on the
internet from our data and make their decision—for
example, I'm not going to waste my time and energy
going out there because the conditions are not
appropriate and also it will affect personal safety.

So there are a tremendous multitude of uses for
streamflow data, and thelist is ever growing. Some of
the guiding principles behind our stream gaging
network arethat many partners contributethefunding,
that al the data we collect are freely available to
anyone, it’ snot just avail ableto thosewho help pay for
it, and we operate the network on behalf of everyone.
There are often opposing partiesin water disputes, and
we want to provide the data on which all can agree as
the basis for the national and regional and local
debates for our water resources.

There have been some difficultieswith our stream
gauging network and reductionsinitssize. Asaresullt,
Congress asked us to take a look at the network and
raised some questions about how well we aredoingin
serving the nation’ s needs.

Itisimportant for people to understand where the
funding for stream gauging comes from. This is the
funding picture as of 1999 (Fig. 2). Asyou can see, at
that time, it was about a $91 million venture on a
nationwide basis. That is the single largest kind of

activity that we havein water programs of the USGS.
The only part of the funding that comes entirely from
the USGSisabout $5 million, which isused to support
individual gages. The biggest part of the money
actually comes from state and local agencies. In 1999
it was $37 million from over 800 state and local
agencies nationwide; part of a matching program
called the Cooperative Water Program, aprogram that
has existed for over 100 years. The appropriations law
saysthat we are given acertain amount of money that
wemay only spendif we haveat |east an equal amount
of money coming from state and local partners, who
cost share with us in order to undertake that work.
Two-thirds of the program thereforeisfunded by state
and local agencies and isdriven by their needs. These
agencies include the Interstate Stream Commission,
hereinthe state of New Mexico, and anumber of other
agencies, cities, and counties, that are continuously
providing uswith very strong support for thisnetwork.
We are very appreciative of the tremendous support
we havereceived over theyears. And finally, we have
other federal agencies, most particularly the Army
Corps of Engineers, which isavery large contributor
to the stream gaging program.

But asyou can see, although thereisgreat strength
in this cost-sharing arrangement, there is also some
potential weaknesses. As administrations change in
state governments, states go through budget crises
from time to time and some of this money can dry up.
That then affects the money on our side that hasto go
away. And we can get some real instabilities in this
program. One of the crucial aspectsto aprogram like
this is the need for long-term stability. So there is a
whole set of issues that arises with this National
Stream Gaging Program that we have been trying to
address over the years, and we have come up with a

Fiscal Year 1999 Funding Sources for
USGS Streamgaging Program
USGS Federal

Program
$5 million

Other Federal
Agencies
$24 million

USGS-Federal
Match
Cooperative
Program

$25 million
State and Local

Agencies
$37 million

TOTAL
$91 million

Figure 2. FY 99 funding sources for USGS stream-
gaging program.
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plan caled the National Stream Flow Information
Program to address them.

The first issue is the need to modernize our
stations, particularly by adding telemetry to make the
dataavailablefor real-timeuseaswell asfor long-term
records. We need to make sure that our stations can
withstand the battering they receive during a flood.
Weneedtoimprovethereliability of our datadelivery.
Therearealot of potential breaking pointsinthechain
of delivery, from the stream gage to your agency, or
your university, or your home, and there are a lot of
potential points for failure and we will continue to
work on those.

We need to fill in the gaps in the network, parti-
cularly working in the upstream areas of smaller
watersheds. | lovethe quotefrom the Chinese emperor
afew thousand years ago, “Y ou’ ve got to protect the
mountains, the headwaters, in order to protect the
stream.” Weneed to make surewehavegagesupinthe
headwaters areas. These are difficult to fund indi-
vidually, but collectively, they provide valuable data.

The next point is assuring the availability of long-
term records for regiona statistics and trends—again,
very much related to the previoustalk. What we were
seeing in the early 1990s is that we were losing long-
term gages, one of our most important assets of the
stream-gaging program at the USGS. Every single
year, about 90 stations nationwide that had relatively
long stream-flow records were being shut down for
lack of funding—ack of funding in our budget as well
as lack of funding in state and local agency budgets.
We believed that to be an unacceptable loss, and we
needed to start reactivating those stations and
rebuilding. And, of course, it took fundstodo so. | am
pleased to say, we have been receiving some of those
funds and have been ableto turn the tide and put some
of those stations back into operation.

And finally, a cost issue. Thereis alot of infra-
structure that goes into operating this network on a
common basisfor al users. We need to be ableto step
up to the plate with our own monies to make sure that
theinfrastructureisthere, and not haveit depend on all
these contributors. We need to ask the cooperators to
help support the individual gages as opposed to the
whole data delivery and quality assurance system.

Sowe havelaid out our plan for what this network
ought to look like. | won't gointo all the details of this
plan: the network itself, the specialized collection of
data during floods and droughts, the regional and
national assessments to look at these trends, the
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statistics, a better information delivery, and some
methods developed in research. These are the basic
goalsof our national stream flow information program
that will drive where the stations are placed. We have
apreliminary design for thisand thefolkswho are here
fromthe USGS officein Albuquerque can provideyou
with more information regarding the details of what
we envision this network to look like ultimately in
New Mexico.

We want to be able to help people understand
interstate and international transfers and movement of
water, help them with the Weather Service's need for
stream flow forecasting, understand the outflows of
major river basins-something we call sentinel
watersheds. This gets back to the concept of small
watersheds, to understand what’s happening on the
landscape. We also need stream gages that will help
support water quality. And this is, in fact, what the
federally funded national network would look like
(Fig. 3). Federal funding would cover about 4,000 of
the 7,000 gages in the country, enough to provide a
baselevel of knowledgein order to fulfill our national
mission. And the onesin red here arethose aready in
operation, but we have also indicated oneswe believe
should be reactivated and ones operated by other
agencies, and then some new sites that we think need
to beadded to the network. | won't dwell onthis, inthe
interest of time, but this is just to give you an
indication of some of the planning we havefor the new
stations that are needed to fill out this network and
really make it whole.
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Figure 3. NSIP proposed network of USGS funded
stations.
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| want to show youthefunding situationwithtim
and thisisreally the good news story (Fig. 4). What
represented here is the dollars that have bex
appropriated for stream gaging during fiscal years‘9.
‘02. It represents that blue wedge of the funding p
that | talked about before (Fig. 2), the monies th
provide a base level of support to thisoverall nation
effort. You can see it was declining through budg
cutbacks coming from the Office of Management ar
Budget and the Congressduring most of the 1990s. W
finally saw a turnaround and it began to grow in tt
year 2000 and then had a very substantial increase
about $10 millionin 2001, and then it has been esse
tially level through 2002. Now we have along way to
go in terms of the need for growth in this if we are
going to have the network ultimately that we think we
need, but we are pleased to see that we are headed in
the right direction. This only happens because of very
strong support that comesfromthegrassroots. And we
are quite appreciative of continued support that so
many of the users of thisinformation are providing.

I'll say just alittle bit on the progressthat we have
made with this new money nationwide. Thisincludes
37 new stream gages over the last couple of years, 73
reactivated stream gages, upgrades of equipment,
flood hardening, extended rating curves, whichisvery
helpful to the weather service, and a number of gages
that have been converted to 100% USGS funding
becausewethink they are so critical fromaninterstate,
national, and international perspective. The new funds
are already helping us. There is a site in Minnesota
where we used some of these new funds and literally
within days after we had the gage in operation, ariver
in the areawas hit by aflood (Fig. 5). | was delighted
to take that up to Congress and show them that the
money was already being put to work.

USGS Funding for Streamgages *
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Figure 4. USGS funding for streamgages, 1991-
2002.
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Figure 5. Minnesota River near Jordan, MN, 2001.

Let me quickly say atew things about some new
datadelivery systems. Something called Water Watch
and another called NWISWeb. Water Watch presents
amap that looks like this (Fig. 6). It is updated every
few hours on the internet. Every dot on this map
represents a stream gage, and those stream gages are
onesthat have at least 30 years of record and are also
telemetered. Y ou can seethe onesin New Mexico that
are of that type. The color coding isarelative scale of
wetness to dryness that is coded into the historical
record of that location. A red dot, for example, would
indicate that today’ s flow is the lowest on record for
this date for that particular site. Whereas, a black dot
would represent the highest flow for this date for that
particular stream. It isaprobability scalethat isevalu-
ated at every one of those stations. That gives you an
overall picture of thenation. Thenyou can zoominand
click onthestate of New Mexico and bring up apicture
of what the state lookslike (Fig. 7). Youthen click on
an individual station on the screen, the text will
indicate what station it is, what the flow is, and where
it ranks in its historical record. It then takes you
immediately to the actual hydrograph including data
just afew hours old, and the long-term median values
(Fig. 8). I think it is areal asset to get a hydrologic
picture of what is happening nationally, regionally,
and locally.

hitp:iiwater.usgs gowiwaterwatchi
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Figure 8. Example of 7-day hydrograph from Water
Watch.

The other data delivery system is something we
call the NWIS (National Water Information System)
Web, which is a way of taking the treasure trove of
data that we have from over 100 years of data
collection and making it readily available. The
website is water.usgs.gov/nwis. Just to give you a
flavor of what this website contains, there are 21,000
sites where we have at sometime or other collected
stream flow data. There are 181 million daily stream
flow values on this website, plus all the peak
discharges. So as an example of how you can utilize
this, if there was a flood, you could look at that map,
select asite, and see that it’ s flowing at 5,000 feet per
second. How does that compare to the big floods of
history at that particular site? You could then
immediately look at the peak flow values historically
and you could say, “Oh, 5,000 cfsis higher than we
have ever seen before”, or on the other hand, “no,
that’ s been exceeded 20 timesin the last 50 years,” to
put it in some kind of context of understanding of
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what’ sgoing on at an individual site. This system has
about 7,500 sites with real-time data. That’s not only
stream flow, but about 600 water quality sites and
some groundwater sitesaswell that arereal-time-alot
of water quality information and alot of groundwater
information—7.2 million individual groundwater
levelsfrom atotal of 1.4 million wellsfrom which we
have taken some kind of observation over the history
of the USGS. (And, 63 million chemical analysesboth
of surface water and groundwater.) So we are really
making our data a lot more available than it's ever
been before and we hope you are using it and sending
us feedback to tell us how the system is working to
meet your needs.

Now, just a couple words about some new
technology that we are excited about at the USGS. The
first oneis something called tethered doppler (Fig. 9).
We are moving toward new ways of measuring stream
flows beyond those that we used 100 yearsago. Oneis
the doppler technology, which is mostly applicableto
larger rivers. | know that you don’t have alot of really
large riversin New Mexico, but at times of flooding,
thiscan beavery valuabletechnique. To quickly make
a measure-ment, we can put a doppler on a little
tethered boat. Here's a guy on a cableway (Fig. 10),
with theboat, in the stream. Thiscan a so bedonefrom
a bridge. Simply by moving from one bank to the
other, adischarge measurement is made automatically
through the doppler profiling system. Thisisamajor
advancethat will streamlinetheway wedo businessin
collecting stream flow information.

ADCP Tethered Boat
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Figure 9. Tethered doppler current profiler.




U.S. Geologica Survey Water Resources Program

Measuremest from Ceblesway ar Bridge

b Y

Figure 10. Using a Doppler to take ameasurement viaa
tethered boat.

Sometimes you have stream flow situations where no
instrument of any kind can be put into the water safely
to make ameasurement (Fig. 11). Thisis an example
of aredly extraordinary flood in Central America.
How in the heck would you even get a velocity
estimate on this so that later on one could make an
attempt to determine the discharge?

How Would You Measure This?

Figure 11. Flood in Central America

We are working with radar guns, essentially like
police radar guns (Fig. 12). | know all of you believe
that police radar guns are biased and that they always
say that the speed was much higher than it really was.
Weare checking it out for water to determineif itisan
accurate way of getting surface velocity, then
devel oping the techni queswhereby we can get aquick
estimate of discharge in situations where it would be
very difficult to gage by conventional techniques.

| want to mention something about real-time
groundwater data. Figure 13 is a map of the state of
Pennsylvania, wherefor thelast few yearswehavehad
a statewide network of real-time wells. These are

observation wells connected to a data collection
platform that transmits the data to a satellite. A map
such as this one can be produced literally any day. In
this particular case it was in a drought, and the
triangles, for example, indicate some record low
conditions for those wells for that time of year. The
governor of Pennsylvania appointed a drought
commission to discuss emergency procedures, and we
were able to provide up-to-date information on what
was happening in the aquifers. We were also able to
look at things like wet weather systems as they came
through the area, and whether we' re getting recovery
of the groundwater or not. | think the wave of the
future is to get more and more groundwater level
information on the internet. | think it also will help a
lot with public awareness and understanding of
groundwater resources. Peoplein communitieswill be
ableto seewhat is happening to their aquifer on aday-
in, day-out basis. Another example (Fig. 14) showsthe
water levelsin oneparticular well in Pennsylvaniathat
any citizen could ook at to seewhat isgoing on during
this particular drought. Thisisasimpleinstallation on
one of these wells with adata collection platform (Fig. 15).

With a Radar Gun?

| ORI
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Figure 12. Radar guns are used to measure surface velocity.

Location af drought-index wells and
ground-water-level conditions in PA

Figurre 13. Pennsylvania's network of real-timewells.
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Hydrograph for drought-index well
in Chester County, PA

Figure 14. Hydrograph for drought-index well in Chester
County, PA.

Water well
instrumented
for satellite
transmission
and real-time
reporting on

the internet

Figure 15. Water well instrumented for satellite transmis-
sion and real-time reporting on the internet.

For afew things about what we are doing in New
Mexico. | want to particularly emphasize enhance-
mentsin the stream gaging network and then | want to
wrap up with a couple of words about our Middle Rio
Grande study.

Wearereally pleased that progress has been made
here in New Mexico. Some of it has been with new
federal money that | talked about, but there has also
been excellent support from the state and loca
agencies, particularly the Interstate Stream Commis-
sion, which has helped enhance this network over the
last couple of years. Just in the last year we have
installed 10 new stream gages, replaced a cableway,
installed 16 new satellite radio transmitters to make
more of these gages real-time, and added seven new
rain gages statewide.

Wetaked about theLosAlamosfireearlier. Some
of you went on the field trip there. We are getting a
gageinvery, very quickly with financia help fromthe
Army Corps of Engineers (Fig. 16) so that we could
measure not only flow, but also, changesin chemistry
after the fire.

Los Alamos after the Fire

£ - e

Figure 16. Los Alamos after the Cerro Grande fire.

Another example is doing some flood surveys that
providethecritical kind of datawe need to understand
the flooding phenomenon in the state (Fig. 17).

Flood Survey of the San Francisco River near
Gledwood, NM 09444000 using a Total Station

-
L

Figure 17. Flood survey of the San Francisco River.

Now to turn finally to the Middle Rio Grande
study (Fig. 18). This has been a magjor effort of the
USGSandillustrates something | want to stresstoyou.
While we have an excellent office here in
Albuguerquewith outstanding scientists, they draw on
atruly national organization. The Middle Rio Grande
Basin Study, now in its completion phase with reports
coming out over the next several months, isreally an
effortinvolving hydrol ogists, geol ogists, and geochem-
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ists from across the entire U.S.—rom our Reston
office, Denver, Menlo Park and other locations. They
do a lot of good work here and really advance the
sciencein ways| think are going to be contributing to
groundwater science in general for many years to
come. | don’t need to tell you of theimportance of wa-
ter resourcesintheMiddle Rio Grande basin (Fig. 19).

USGS Middle Rio Grande Basin Study

Examining the
hydrology, geology, and
land-surface
characteristics of the
basin to provide the
scientific information
needed for water-
resources management

¢ Areawithin the Rio Grande
Valley from Cochiti Dam
downstream to San Acacia

« Approximately 3,000 square
miles

« Approximately 600,000
people (about 40 percent of
the population of New
Mexico) live in the Middle Rio
Grande Basin, all of whom
depend on ground water to
meet their domestic water
supply needs.

Figure 19. Middle Rio Grande Basin study area.

Recharge is something that | think most of usin
the hydrologic community feel has typically been
some kind of a guess and something that could be
computed by subtracting out a couple of other things.
Weareworking diligently to truly measurerechargein
the aguifer systems and we have worked with a
number of technologies that are bringing the science
of recharge estimation forward (Fig. 20). The use of
temperature profilesasaway of estimating rechargeis
a key new technique. Some techniques back in the
laboratory are helpful-chemical tracers, chloride,
bromide, hydrogen isotopes-these things and age
dating techniques and then, of course, flow loss

anaysis in arroyos and small streams are al
contributing to improving our under-standing of
recharge. Understanding recharge is critica to
understanding what is the available resource in any
basinin New Mexico.

Ground-water availability-aquifer recharge

« Knowledge of recharge at
mountain fronts, and from
irrigation and streamflow will help
water managers determine the
long-term yield of the Basin’s
ground-water resources

* Methods

« Temperature Profile

* Centrifuge

» Tracers (Cl,Br,H isotopes)
* Flow Loss Analysis

USGS researchers collecting core
samples of the aquifer in the Santa
Fe River near La Bajada

Figure 20. Ground-water availability-aquifer recharge.

Groundwater age dating has been critical to the
study of the Middle Rio Grande Basin (Fig. 21). Inthe
past, the groundwater age dating techniques were
mostly centered around looking at longtime scales as
one might get from carbon-14 and other techniques
and some helium tritium kinds of techniques that
helped us trace back to the 1950s era. We have added
to that chlorofluorocarbons (CFCs) that allowed usto
look at time spansover thelast 50 yearsor so. Thishas
hel ped usquantify what isthe old water and what isthe
younger water and it helpstoreally verify what we are
seeing in our groundwater models. Then using
modeling techniques and parameter estimation
techniques, we can build much improved models and
transfer those models to the agencies that have the
responsibility for resource management.

Ground-water age-dating, environmental
tracers, and flow-path studies: Plummer
and Sanford

= The basin is being
irdensively sampled fod
CFEC's, H, Ma, 5F;, Cialim
BAY, N, S majpar-manar
alements, and dssched

gassed (46 afes 1o dabe)
Parameter Eslimalicn
Codes will be used
compunction with
MODFLOW and MODFATH
o improye the grouns-

vl ber f o model

Figure 21. Ground-water age-dating, environmental
tracers, and flow-path studies.
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Subsidence is a key issue in the Middle Rio
Grande Basin (Fig. 22). | talked with city officias
yesterday and they are just beginning to see the issue
of subsidence dueto groundwater withdrawalsand are
trying to prevent it from becoming acrisissituation by
managing the resource appropriately. We are using
satellite techniques, interferometry techniques where
we can literally measure these few centimeter type
changes that occur on an annua basis. We are
measuring from space and getting an idea of the
depression and some of the rebounding that is
occurring inthe Middle Rio Grande Basin. Also, high
resolution gravity measurements are hel ping to detect
mass changes of water in the unsaturated zone and
saturated zone. | think it is yet another advance that is
going to help with our understanding of water in a
critical basin like the Middle Rio Grande.

SAR interferometry and temporal
gravity measurements-—Heywood and
Carpenter -

* Synthetic aperture radar |
interferometry is being
used to detect changes
in land surface elevation
due to possible ’
pumping-related
subsidence

¢ High-resolution gravity
measurements repeated :,;:l
over time to detect mass .
change of subsurface i
water and specific yield

EUSGES

Figure 22. SAR interferometry and temporal gravity
measurements.

And finaly, the groundwater flow model that
Doug McAdaand othershaveworked on, isoneof the
best implementations of groundwater flow modeling
that | have ever seen (Fig. 23). It contains tremendous
geologic detail and the role that faults play as
boundaries in this system, some of them highly
transmissive boundaries and some of them as
boundaries that impede the flow of water. This is
critical to being ableto understand exchanges between
the Rio Grande and the aquifer itself. Our hopeisthat
this will be a tool that will be continually of use to
those with the responsibility of managing the water in
the Middle Rio Grande area.

The ground-water-flow model:
McAda

« The ground-water-flow model NI s
is the synthesis of our Ty |
understanding of the
hydrogeology of the basin

« Transient, 3-D, MODFLOW

« 310,376 active cells
¢ 1900-1995 simulation

* Has become the primary tool
for present and future water-
manage ment of the basin

Water-level declines in the Santa Fe
roup
aquifer system that represent steady-

EUSGES

Waler levels minus 1992 water levels

A\buquelque area, central New

Figure 23. Ground-water-flow model Middle Rio Grande
Basin.

Let mejust finish with thispicture (Fig. 24) of one
of our folks out in the field doing what we do best, in
what istruly our bread and butter, which ismaking the
measurements that help everyone to understand the
precious water resources on which we all so much
depend.

Figure 24. Taking measurements.
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