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New Mexico’s Statewide Water Assessment: 
Data Collection and Delivery to Meet Stakeholder Needs
Sam Fernald, NM Water Resources Research Institute

Sam Fernald was appointed director of the New Mexico Water Resources Research 
Institute (NM WRRI) in July 2013 after having served as interim director since January 
2011. As director, he will lead the institute in its mission to develop and disseminate 
knowledge that will assist the state, region, and nation in solving water resources 
problems. The NM WRRI, one of 54 water institutes in the nation, encourages 
university faculty statewide to pursue critical areas of water resources research 
while providing training opportunities for students, and transfers research findings 
to the academic community, water managers and the general public. Professor 
Fernald also is a faculty member in the Department of Animal and Range Sciences at 
New Mexico State University.

Dr. Fernald’s earned degrees include a 1987 B.A. in international relations from 
Stanford University, an M.E.M. in 1993 in water and air resources from Duke University, 
and a Ph.D. in watershed science from Colorado State University in 1997. His primary 
research interests include water quality hydrology; land use effects on infiltration, 
runoff, sediment yield, and nonpoint source pollution; and effects of surface water/groundwater exchange on water 
availability and water quality. Dr. Fernald received a Fulbright Scholarship to Patagonian National University, Trelew, 
Argentina in 2008, and another Fulbright Scholarship to the University of Concepcion, Concepcion, Chile in 2000. Dr. 
Fernald currently is leading a multi-institutional, five year, $1.4 million water research project funded by the National 
Science Foundation. In addition to NMSU, partners in the study include the University of New Mexico, New Mexico Tech, 
Sandia National Laboratories, the New Mexico Acequia Association, and the Maxwell Museum.

Figure 1.  Drive shaft dropped from work truck.

Good morning everybody, it’s a beautiful day 
here in Santa Fe. I’m just going to talk a little 

while until everyone shows up, so you’re not going 
to miss anything. First, I’m Sam Fernald, this is 
Scott Verhines, and I need to thank our conference 
committee for putting this together, New Mexico’s 
Water Future: Connecting Stakeholder Needs to Water 
Information and we need to thank our sponsors, Los 
Alamos Lab, and Sandia National Laboratories. 
Thank you very much! So, yeah great, give them a 
round of applause. Also thanks to my dad who is 
here, which is great, Fred Fernald and all the other 
luminaries and everyone who has shown up. 

I guess I’ll start with an anecdote while people are 
still coming in, standard technique, right? So, I had 
to go from Santa Fe to Albuquerque yesterday and 
my work truck started to make an awful noise, like 
a rumble strip, and I’m running down the highway 
so I limped off to the side and I called for backup. 
We had a team in Alcalde that had just finished 
their morning work, and started back to pick me 
up. I saw the rest area out there, right where you 
come over the hill to Santa Fe, so I went up along 
the shoulder, there’s an official turnout. I waited 
until there was no traffic and crept into that rest 
area. About 150 feet from that rest area there’s a 

huge clunk, and the transmission totally gave out. 
I got out of the truck, looked around, and this is 
what I saw (Figure 1). 

I dropped a drive shaft right in the parking lot. 
First of all, it was a small problem, because I was 
lucky this didn’t happen while I was crossing the 
interstate, so I count my lucky stars, and I was able 
to call and get help. I called the office back in Las 
Cruces, and the guy said, “Okay, I want you to put 
it in 4-wheel drive,” and I went “ah-ha!” Basically, 
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of course the back wheels didn’t work, but I still 
had the front wheels. This is the theme for this 
conference, we are trying to get stakeholders 
together and communicate the history of the 
water conference. Maybe we can turn a problem 
here into a new solution. With that spirit, I 
would like to move into our water conference.

I’m going to talk a little bit about our Statewide 
Water Assessment, but first I’m going to start 
off talking about the history of the Water 
Resources Research Institute. A lot of you 
don’t know this, but we actually have a lot of 
people who are founding members of the Water 
Resources Research Institute. Let’s look at the 
establishment of the institute with what was 
happening with water supplies in the late 1950s 
and early 1960s. Look at the trajectory on the 
bottom of Figure 2. We have Elephant Butte 
storage, in acre-feet, of course an acre-foot is 
an acre covered in a foot of water. In the early 
years the reservoir filled in 1915 until it actually 
spilled in the 1940s, and we hit drought in the 
1950s, and what happened? People got together. 
They said, “We need to have a meeting. We have 
got to get together and talk about these issues 
and do something about this water situation,” 
and in 1956 held the first annual New Mexico 
Water Conference, and today we are in the 
59th. In 1963, the New Mexico Water Resource 
Research Institute was established. In 1964, 
Senator Clinton P. Anderson, took this great 
idea to Washington, and actually got the Water 
Resources Research Act passed, which made 
institutes in all 50 states, 3 territories and the 
District of Columbia (Figure   3). The idea was 
to harness the brain power of the universities 
and water-related agencies to manage our water 
resources better, and in 1966, a memorandum of 
agreement was prepared with the WRRI, New 
Mexico State University, the University of New 
Mexico, and New Mexico Tech to work together 
on research to support and improve water 
management (Figure 4).  
 
For the 1980s and 1990s, if you look on the 
bottom timeline here, it shows some of the 
wettest time periods in 2000 years, and there 
wasn’t a lot of activity. Then in about 2002, 
we went into drought again (Figure 5). That 
definition, of course is up for discussion, but 
if you look at the Elephant Butte signature, 
storage is low. In coming back to our timeline, 
we actually have a statute of the purposes 

Figure 2. NM WRRI established in response to drought.

Figure 3. National Water Institutes modeled on NM WRRI.

Figure 4. Harness the brainpower of universities.
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Figure 5. Purposes are research, transfer, expertise, cooperation.

Figure 6. $1 M water initiative - Thanks to legislators, governor, 
universities, stakeholders, supporters.

Figure 7. The administrative supply is well known.

of the water institute: research and training, 
cooperation with agencies and stakeholders, 
dissemination of information, and providing 
expertise. That’s what we are doing with this 
water conference, and what we are focusing on. 
 
In 2014, the legislature dedicated a million 
dollars to a statewide water initiative, and a big 
part of that is a Statewide Water Assessment 
(Figure 6). I just want to give you a few ideas 
about why we are doing it, and then leave it up 
to our speakers. We have great speakers, we have 
an amazing poster session with over 50 posters 
tomorrow, so hopefully I won’t steal anyone’s 
thunder. In the spirit of the Annual New Mexico 
Water Conferences, work together, talk to each 
other, exchange ideas and thoughts. We have a 
drought, which is a little bit of a problem, but 
maybe it will help us fix our long-term approach 
to dealing with water scarcity.

For the second part of this introduction, why 
are we doing all this? That’s what I would like 
to talk a little bit about, and what it would 
look like. The Office of the State Engineer, 
John Longworth, and the other staff do a great 
job of quantifying the administrative supply 
(Figure   7). About 4 million in acre-feet, give or 
take, are tied to water rights, but remember that 
number. That’s the water rights in New Mexico, 
withdrawals for water rights, from surface 
water return flows back to surface water or 
groundwater.  
 
There is all this water moving through the state 
that is not well quantified up to 100 million 
acre-feet. There is around 10 million acre-feet of 
precipitation in a good year, and maybe 50 million 
acre-feet of evaporation. We don’t know about 
recharge, we don’t really know about inflows and 
outflows. We need a better assessment of our water 
resources. They’re dynamic, so the graph actually 
shows precipitation in the middle. We determined 
that the PRISM system is a good precipitation data 
set. Evapotranspiration (ET) is also highly variable, 
but we don’t know. We can look at statewide 
coverage of ET models, but we are not yet able to 
have a good sort of absolute number for ET. It’s 
either high or low, and actually on this graph if 
you look along the bottom, that’s the water use by 
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category every year, or actually every five 
years, as quantified by the Office of the 
State Engineer (Figure 8).  
 
There is a lot of water moving through 
New Mexico that we are not accounting 
for, and what happens when you don’t 
have surface water? In the Mesilla Valley 
and every year in the 1980s and 1990s, 
even in the early 2000s, groundwater is 
recharged every year by irrigation seepage, 
and then it goes down and comes back up 
every year. Well, in 2002 the water table 
dropped and here in 2011, 2012, 2013 we 
are falling off a cliff (Figure 9). If you look 
at the basins starting in the north moving 
south, they are recharged every year in 
the north, but you get to the Mesilla Valley 
and we are starting to reach this threshold 
where groundwater is dropping. If you look at 
El Paso, they reached this threshold back in the 
1950s; they went off a cliff, and they are essentially 
mining their aquifer instead of managing it as a 
sustainably connected river and aquifer system. 
Therefore, we need a better updated groundwater 
assessment. The best maps of brackish water for 
example are from the 1960s, and there are a lot of 
gaps in our groundwater information, but if you 
go visit a ranch on our tribal and pueblo lands 
there are windmills in almost every section, that 
we can get some data from. We need to work with 

Figure 8. The total supply is not well known.

Figure 9. Groundwater drops with less surface water.

our stakeholders both to meet their information 
needs, but also to gather the information and fill in 
the gaps.

On the issue of scale, the water institute’s goal is 
to be fully objective and provide information that 
people can use, such as topics on acequia seepage. 
You might be inefficient at your farm scale and let 
water go to the groundwater, but that actually puts 
it in the aquifer, reduces evaporation, and provides 
late return flow downstream, which is good for 
users. In the Plains of San Augustin, there’s a 
groundwater issue, but it’s tied to the legal process 
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Figure 10. Other western states invest in water assessments.

of surface water upstream. The lower Rio Grande 
groundwater is dropping because there are fewer 
surface water deliveries. It is really hard to manage 
at a local scale if your benefits are accrued at a 
larger scale without some kind of planning, but 
it is hard to do the planning if it’s not integrated. 
Other states have their investments in water 
resources from $2 to $12 million a year to actually 
specialize point data as is in the case of Oregon, 
that’s shown in the upper left corner of Figure 10. 
To use groundwater units for their water rights 
administration in Utah, or California, they have a 
common framework for all their water budgets. 

We received the funding from the legislature, and 
I’m really happy about this graph (Figure 11). 
It shows that we have distributed the funding 
to our different partners. We have New Mexico 
Highlands University and Eastern New Mexico 
University doing projects through USGS, a 
consultant who used to work for a lab, the Water 
Resources Research Institute, New Mexico Tech, 
UNM, and NMSU. We are really harnessing the 
power of the universities to do this work  
(Figure 12). 
 
Finally, we are covering the whole state. We 
are involving stakeholders, we are making 
it accessible, but it needs to be updated. The 

point is if we use a statewide dataset, it’s like 
remote sensing where we can get cutting edge 
information. The group out of Tech is doing a 
recharge analysis, so we can actually inform the 
watershed management groups about where they 
can thin forest, and have better recharge of the 
aquifers based on this recharge analysis. We are 
working together on these issues. 

Of course, there are a lot of groups doing different 
components of the water budget you will hear 
about today. There are a lot of stakeholders 
impacted that mention oil and gas, community 
water supplies, businesses, ranching, and these 
are just a few examples. Which reminds me, did 
everyone get a survey? This survey is actually a 
way for us to find out what you would like to do at 
conferences in the future, and also includes some 
of your stakeholder water information needs. We 
put a list of stakeholders on there, but I’ll leave it 
up to you to identify your group if it’s not listed. 
Please fill out that survey today or tomorrow 
because we really could use that information. Of 
course, we have a water budget that puts us all 
together, we are going to have a database that is 
accessible to everybody, and we are going to have 
a model where we integrate these in a dynamically 
updated manner. With that, I’ll close up my 
part and move into my introduction of the State 
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Figure 12. Statewide collaboration of multiple agency lead components.

Figure 11. A graph of distribution of funds to partners.
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Water Update by the New Mexico State Engineer
Scott Verhines, New Mexico State Engineer

Prior to his appointment as State Engineer, Scott Verhines served as program manager 
for the Eastern New Mexico Rural Water Authority, overseeing a $500 million regional 
water supply project that provided municipal and commercial water to communities 
throughout Eastern New Mexico. He has extensive experience with water issues both 
in and outside New Mexico. Verhines has a managed and participated in over 200 
hydrologic and hydraulic studies ranging in size from individual residential lots to 
over 500 square miles of watershed and has planned and designed over 60 major 
transportation projects. He earned his his B.S. in civil engineering from Texas Tech 
University, as well as his M.S. in civil engineering and M.B.A. from the University of 
New Mexico.

Editor’s Note: The following paper represents a transcription of the 
speakers’ remarks made at the conference; no follow-up papers were 
submitted by the speaker. Remarks were edited for publication by the 
editor. The speaker did not review this version of their presentation, 
and the editor is responsible for any transcription and editing errors.

Thank you for having me speak this morning. 
It’s wonderful to be back at this annual 

conference.

Since one of the themes of the conference is 
the Statewide Water Assessment, I’ll target my 
comments on related activities in the Interstate 
Stream Commission and State Engineer’s offices. 
I’d like to thank Sam and his team for meeting with 
us early on to talk about the work that they are 
doing and how it relates to the day-to-day work of 
the Office of the State Engineer (OSE).

The other day I heard a comment from someone 
who asked why they needed to engage with the 
OSE. They felt the office only provides permits 
and water right transactions. Whoever made that 
comment needs to spend a few hours wandering 
the halls of our agency. We are inherently a 
technical group of folks - we are scientists and 
engineers, and we certainly have a large legal 
component to what we do, but the data and how 
we use data and modeling to make our decisions is 
critical to New Mexico. We make decisions that are 
technically based. 

The OSE is not just about permits. We have many 
other responsibilities, and we work with all of 
you. Our mission: The State Engineer has power 
over the supervision, measurement, appropriation, 
and distribution of all surface and groundwater 
in New Mexico, including streams and rivers 
that cross state boundaries. The Interstate Stream 

Commission (ISC) has broad powers to investigate, 
protect, conserve, and develop New Mexico’s 
waters including both interstate and intrastate 
stream systems. 

From the OSE/ISC perspective, how can the 
Statewide Water Assessment (SWA) benefit New 
Mexicans and our activities? Two weeks ago we 
had a chance to meet with Dr. Fernald and his 
team in Las Cruces to get an update on much 
of what you are going to hear about today. I 
appreciate that they took the time to do that with 
us. 

From our perspective, the SWA can turn into 
something very valuable: data collection, 
evaluation of that data, research behind the data, 
and how data are communicated to all of us is 
critical. 

Sam Fernald mentioned that the administrative 
water that we deal with in New Mexico is roughly 
4 million acre-feet a year. Of course, it depends 
on the year and how well we’re doing with the 
drought, but according to the 2010 Water Use 
Report, roughly half of that 4 million acre-feet is in 
surface water diversions (2,041,844 ac-ft; 53%) and 
groundwater withdrawals are about 1.8 million 
acre-feet (46% of total withdrawals). The Water 
Use and Conservation Bureau also works with 
communities around the state on conservation 
programs including municipal conservation. 
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Figure 1 shows water use categories 
in New Mexico. We are continually 
evaluating consumptive use by 
basin. That evaluation is data 
driven, and data are very important 
to our administrative decisions.  
 
Water issues in 2014 in New Mexico 
include the following: 

• Expanding water demands
• Watershed health including 

catastrophic fires and their 
impact on water supplies

• Ecosystem health and envi-
ronmental mandates

• Increasing consumptive use, 
administrative constraints

• Outside threats to NM’s jurisdiction and 
authority

• Infrastructure investment needs and limited 
resources

• Drought and flood resiliency
• Interstate compact delivery credits
• Competition for water resources

• Economic impact and job creation

Concerning competition for water resources, every 
day we see people trying to leverage their point 
of view. Relying on data and modeling—whether 
groundwater modeling, river modeling, or stream 
system modeling—is how we make decisions. We 
try to be very credible, thoughtful, and data driven 
about the decisions we make.

Water is the root of almost any economic activity 
you can envision in New Mexico. In June, we sat 
down as an agency, and asked ourselves, “What 
priority do we need to focus on—both ISC and 
OSE—for the benefit of New Mexicans over 
the next couple of years?” We identified seven 
priorities for New Mexico.

State Regional Water Planning

Many of you are participating in regional water 
planning activities. We are in the process of 
updating all 16 regional water plans. Currently, 
ISC state water planner Angela Bordegary is 
working with steering committees to create the 
water plans.

Adjudication of Water Rights

Over the last couple of years, we have been 
challenged on the pace and cost of the adjudication 
of water rights around New Mexico. We have 
asked for additional resources to keep pace with 
adjudications. The state legislature will hand 
those resources to us with one hand and take an 
equivalent amount away from us with the other 
hand. Thus, we have been at a net zero in terms of 
being able to move the adjudication process ahead 
faster. But we are working through that, and the 
next few years will be critical. 

Active Water Resources Management

Given the outcome of the Tri-State case, we are 
currently working on implementing Active Water 
Resource Management (AWRM), the District 
Specific Rules in the Lower Rio Grande. I think 
we are getting pretty close to having a draft that 
can go out for public review and comment in the 
relatively near future. We will want feedback and, 
if nothing else, we are cutting our teeth on AWRM 
in the Lower Rio Grande. Each basin is going to 
be a little bit different. We will have to address 
the way each basin functions physically and 
administratively – they are all different. We will 
make sure that AWRM rules reflect the intricacies 
specific to each basin.

Figure 1. Water Use Categories.

Irrigated Agriculture: 78.62%

Public Water Supply: 8.32%

Evaporation: 6.87%

Self Supplied Domestic: 0.76%

Livestock: 1.05%

Commercial: 1.43%

Industrial: 0.33%

Mining: 1.09%

Power: 1.53%
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Arizona Water Settlement Act and the 
Gila Program

One of our most controversial issues in New 
Mexico today is the Arizona Water Settlement Act. 
Statutorily under the Act, the Interstate Stream 
Commission has a decision to make on or before 
December 31 of this year. As we get closer to that 
deadline, we have escalating rhetoric over the 
proposals to develop the water by both proponents 
and opponents. It is unfortunate that we are not 
having a more civil discussion about the proposals. 
We were in Silver City on Friday, and we had 
an ISC meeting for a good part of the day. The 
day was devoted to public comment on studies 
conducted in order to inform the Commission and 
assure that the Commission is making an informed 
decision by the end of the year. We are also under 
a temporary restraining order that was brought 
about by certain members of the opposition who 
are trying to prevent us for making a decision by 
the end of the year.

Capital Investment in Water 
Infrastructure

We are working diligently through the Water Trust 
Board and with other sister agencies to look at how 
to improve our water infrastructure. How do we 
spend our money on capital investment? Looking 
at the life cycle cost, it is not just about building 
something today, but how we keep it running for 
the next 50 or 60 years. How do we improve the 
way we maintain our infrastructure?

Managing Environmental Mandates

Almost every river basin in New Mexico has 
some sort of environmental condition that we are 
trying to balance between our water users and 
the ecosystem. New Mexico, I think, does a really 
good job at being out in front of that issue with 
a collaborative process to make those balances 
take place between water right holders and the 
ecosystem. It is a difficult issue, and there has been 
a lot of press on it in the news lately.

Defending New Mexico’s Jurisdiction 
Over Water

We are seeing several instances where federal 
agencies are attempting to do what is really a 
states’ rights issue. Where appropriate within our 
priorities, it would be helpful if the WRRI and 
the State Water Assessment could help us on the 
issue. We are engaged with many western states in 
making sure what is statutorily our authority and 
responsibility in order to defend our jurisdiction.

Concerning state regional water planning, I think 
there are a lot of opportunities. We understand 
that the institute is engaged particularly with 
the planning underway in the Lower Rio Grande 
region. WRRI has been a participant and very 
supportive of the planning activity, and we 
appreciate that as well. We look forward to 
expanding their participation outside of the Lower 
Rio Grande.

Regarding water adjudications, we have twelve 
active adjudication suits underway in New Mexico. 
Completion of pending water rights adjudication 
suits remains a priority, but progress is very much 
resource driven.

I talked a bit about managing environmental 
mandates. We have worked very hard with 
collaborative programs to manage those mandates 
in order to make sure that the processes support 
both the water users and the ecology.

I talked a little bit about capital investments for 
water projects. How do we look at the long-term? 
How do we make sure that as tax-payers, we are 
investing in something today that does not break 
down in ten years? We discussed this at the first 
New Mexico First Town Hall. I see many people 
here today who participated in that Town Hall. 
Two recommendations in this regard came out 
of the Town Hall. One recommendation was 
to invest dollars wisely. A lot of the discussion 
that we have had was on that recommendation 
and the strategies for implementation. Another 
recommendation concerned expanding water 
funding sources in New Mexico and encouraging 
public-private partnerships as a means to increase 
funding.
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After the New Mexico First Town Hall, former 
State Engineer John D’Antonio, who headed 
the implementation committee, asked how to 
begin implementation of the recommendations. 
Discussion revolved around working with the 
legislature and with the investment community.  
At a Western States Water Council meeting a 
couple of years ago in Phoenix, the investment 
community was present along with a lot of water 
managers. Bloomberg, RBC Capital Markets, and 
Deloitte were among those present. Their message 
to us was that the single largest investment risk in 
the United States today is deferred maintenance. If 
we look at investing in the Albuquerque Bernalillo 
County Water Utility Authority and the authority 
comes to us and says, “Here are our assets to 
back up this loan” (and I’m not picking on John 
Stomp), what we see are mostly liabilities because 
of deferred maintenance. We will have a hard 
time with the bond rating, and we will have a 
hard time with how we engage in that community 
investment.

A few more comments on the Arizona Water 
Settlement Act. This is a federal Act that allocates 
to New Mexico up to 14,000 acre-feet per year 
and between $66 to $128 million dollars in non-
reimbursable federal funding; $66 million is 
guaranteed payment and may be used either to 
develop the water for water utilization projects or 
related watershed activities in the Gila Basin. The 
state may receive up to an additional $62 million 
only if it chooses to construct a physical works to 
develop the water. 

Active Water Resources Management, as I 
mentioned, is critical. We are actively formulating 
the District Specific Rules on how AWRM will 
be implemented in the Lower Rio Grande and 
engaging with water user groups to develop their 
specifics. We are receiving a lot of inquiries on 
other basins around New Mexico. How do we 
begin to put this in place? It is largely a resource 
issue for us. If we could do all seven priority basins 
at once, we would, but we are going to have to step 
through those one at a time, and we are going to 
learn some lessons as we go.

The value of the Statewide Water Assessment is in 
what we use it for and here are some ideas:

• New Mexico Water Code, the laws, the 
framework in which we work 

• AWRM Implementation
• Aquifer Storage and Recovery. We have just 

permitted a full-scale operation of the first 
large-scale ASR project in New Mexico with 
the Albuquerque Bernalillo County Water 
Utility Authority. We had a very nice press 
conference on the project the other day. 

• Aquifer Recharge Areas
• Brackish water. Because of the drought, 

there is more interest in brackish water de-
velopment than there has ever been. There 
is a great effort underway to look at how we 
do that in New Mexico. We are not seeing 
a lot of applications for that water, but we 
expect that will change.

• Regional Water Planning. I encourage all of 
you to participate in regional water plan-
ning as I think that this is how regions are 
going to balance supply and demand over 
the long haul.

• Investment of the State Resources. This ac-
tivity can help inform innovative approach-
es to how we deal with water. 

• Water Administration is what we do all day 
long. Water administration can be effected 
in a basin in many ways: state engineer 
policies; state engineer orders; water right 
adjudications; court ordered administration, 
priority call; Indian water right settlements; 
permitting of water right transactions; and 
groundwater permitting (which is largely 
priority administration on the front end).

Thanks again for having me speak this morning. 
I am looking forward to all the presentations.



Stakeholder Panel: Large-scale Water Users

59th Annual NM Water Conf., New Mexico’s Water Future: Connecting Stakeholder Needs to Water Information

11

Stakeholder Panel: Large-scale Water Users

Moderated by Sam Fernald, NM WRRI

Sam Fernald was appointed director of the New Mexico Water Resources Research 
Institute (NM WRRI) in July 2013 after having served as interim director since January 
2011. As director, he will lead the institute in its mission to develop and disseminate 
knowledge that will assist the state, region, and nation in solving water resources 
problems. The NM WRRI, one of 54 water institutes in the nation, encourages 
university faculty statewide to pursue critical areas of water resources research 
while providing training opportunities for students, and transfers research findings to 
the academic community, water managers and the general public. Professor Fernald 
also is a faculty member in the Department of Animal and Range Sciences at New 
Mexico State University.

Bill Netherlin is a New Mexico native, and has lived in southeastern New Mexico 
the majority of his life. Bill was born in Artesia and raised on a small ranch in Eddy 
County. Bill is a NMSU graduate with a BS degree. Along with his wife and son, Bill 
began as a tenant farmer with 100 acres of alfalfa. He and his family now own 
Alfadale, Inc. which owns and leases 4000 acres of irrigated land. Bill has served on 
the Pecos Valley Conservancy District since 2002 and as chairman since 2007.

Irrigated Agriculture

Bill Netherlin, Pecos Valley Artesian Conservancy District

Thank you Sam for the introduction and good 
morning everyone. I was asked to speak as 

an irrigator. I didn’t bring my rubber boots or my 
shovel or any of that. I don’t feel like an irrigator. 
I don’t even feel like a farmer. I’m a water rights 
owner. I’m surprised that at every one of these 
meetings, I look around and I don’t see any of my 
neighbors. I’d like to pose a question: How many 
people in this room rely solely upon water rights 
that they own as their income? That is what I do. I 
see two of us here. Are we getting the stakeholders 

involved? That is kind of scary to me. We need 
them to be involved, but I don’t know how to get 
them here.

I’m from southeastern New Mexico, and those 
who own the water rights there are a part of pretty 
large entities. Most of the rights are owned now by 
oil and gas people who have made a lot of money 
and looked for a place to invest. Dairies own a lot 
of water rights as well, and these rights aren’t on 
small 50-acre or 100-acre plots—they are on several 

Editor’s Note: The following papers represent a transcription of the speakers’ remarks 
made at the conference; no follow-up papers were submitted by the speakers. Remarks 
were edited for publication by the editor. The speakers did not review this version of 
their presentation, and the editor is responsible for any transcription and editing errors.
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thousand acre plots that have been put together. 
My point is that water is held pretty tight. It is not 
going to be changed much. The oil and gas people 
aren’t going to be enticed to let go of their rights 
for only a small amount of money.

I started out with a hundred acres as a tenant 
farmer and over the years we have built that up 
quite a bit, and we are proud of that. I didn’t 
inherit it. I didn’t go to school to be a farmer. My 
degree is actually in animal science. I discovered, 
though, that water is the future. It has become our 
I.R.A. It is our retirement. It is the money we have 
in the bank. It’s not only what we will retire on, but 
also the legacy that we leave our children. I don’t 
intend to get rid of it.

We have heard the comment many times that 
water in New Mexico is owned by the State, and 
that is true. But we, the water rights owners, 
own the right to divert it. That is a personal 
property right, and we are going to fight for it. 
It is something we worked hard for. We realize 
that things are changing. The population in New 
Mexico is going to grow, and eventually the water 
supply is going to come from different sources as 
State Engineer Scott Verhines talked about. Supply 
sources are pretty limited—eventually it will come 
from agriculture.

I have attended many meetings as part of the Pecos 
Valley Artesian Conservancy District (PVACD). 
From my experience, it seems that we are not 
putting enough emphasize on adjudications. I 
was pleased that Scott Verhines had adjudications 
second on his priority list today. I think that is a 
drastic improvement, and I believe that funding 
should go to adjudications. The state needs to have 
its water adjudicated. Colorado has had its water 
adjudicated for years. We used to be pretty proud 
of New Mexico when we first started coming to 

these meetings. It appeared that New Mexico was 
a leader in water law. Over the years, it seems that 
we continue to have the same discussions. We need 
to get adjudications done. We need water planning. 
We need active water resources management, 
which I’m starting to agree with. It is something 
we need to do, and we need to do it on a regional 
basis.

I don’t really think that our system is broken. I 
think we need to work with what we have. There 
are things that we can change. We were at a 
conference in California last week that talked about 
how to expedite adjudications. I don’t know 
exactly what they are, but we can get it done if we 
work at it. I have always been amazed over my 
water career years that people don’t move to where 
there is water. In the Homesteading Act, those 
were the places that were homesteaded—where 
there was a spring or some source of water where 
life could be supported. Now though, where are 
people going? They’re going to Phoenix; I mean, 
good grief! Then there is the hill country of Texas. 
They are so desperately in need of water I don’t 
know how they will ever catch up. Or there is 
southern California where they have overused the 
Colorado River. Eventually they are going to find 
us and our water rights.

We better get ready because we do have some 
water. It isn’t much, but when they do start 
moving here, we better have a plan and a way that 
we can provide the water. I don’t think we want 
to go the way of California and do away with 100 
percent of the agriculture in some areas. There 
are irrigation districts in California that have no 
irrigation at all. Zero. Everything goes to municipal 
use. That time could come here pretty quickly.

Thank you. 
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John Stomp is the Chief Operating Officer for the Albuquerque Bernalillo County 
Water Utility Authority. He is responsible for managing the operations of the water 
and wastewater utility that provides service to more than 650,000 residents and 
businesses in the metropolitan area. John has been involved with water issues in 
NM and the Western U.S. for more than 25 years and is currently participating in 
the Bureau of Reclamations Colorado River Assessment Team. He is a native New 
Mexican and holds a holds bachelor’s and master’s degrees in civil engineering from 
the University of New Mexico. John is also a registered professional Engineer in 
New Mexico and is certified as a Level IV Water and Wastewater Operator.

Urban

John Stomp, Albuquerque Bernalillo County Water 
Utility Authority 

Good morning. Why do I always have to follow 
someone like Bill Netherlin? Because, I am 

one of those large users that Bill is talking about 
who says we are going to be drying up irrigated 
agriculture in the future. Bill, thank you very much 
for what you do, and I have a lot of respect for 
you. But, I think that municipalities, particularly 
our municipality, are not looking for 
pre-1907 water rights for our future. 
We are looking at other opportunities 
such as drinking our own sewage, 
indirect potable reuse, and things like 
that so that we can reduce the impact 
on irrigated agriculture and use the 
resources that we already own. That is 
a side note though; I will move on to 
my presentation.

As a water user, ABCWUA has a very 
diverse water portfolio (Figure 1). 
We have reuse systems in place. We 
actually have two reuse systems in 
Albuquerque, a surface water plant, 
and a groundwater system. We are 
operating four different water systems 
right now as well as a wastewater system. So, 
being able to acquire and use data on a real-time 
basis is critical for our operations as we move 
into the future. Figure 1 shows that we also have 
new sources way out into the future in 2050, but 
that triangle on the graph isn’t there anymore 
because of things we are doing such as our 
conservation efforts.

Figure 2 allows us a bit of bragging, but it is also 
a lot of “be careful what you wish for” in that 
people in Albuquerque have not only embraced 
conservation, but we had such a large change 

Figure 1. Diversified water resource portfolio requires extensive data/
information.

in usage in the last couple years that it actually 
affected our ability to collect rates. We had to 
increase our rates as a result of conservation. In 
1994, we had a 252 gpcd rate. That was our gallons 
per capita per day, and we were considered the 
water wasters of the West. We adopted an original 
plan of reducing our use by 30 percent over the 

Figure 2. Water authority GPCD 1994-2013.
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next ten years. We achieved that goal 
in about eight years. We adopted a new 
goal of reducing our use by another 10 
percent to get down to 150 gallons per 
capita per day. We exceeded that and 
then adopted a new plan to get down to 
135, which we met in one year. So you 
can see that we went from 252 down 
to 135 gallons per capita per day in the 
course of about 20 years. That is a huge 
amount of savings, and frankly, in terms 
of the western United States, this has been 
unsurpassed in terms of success. But, it 
has had impacts on our customers who 
look us in the face and say, “You tell us 
to conserve, so I tear out my yard and 
make all these other changes. Then, you 
increase my rates.” Unfortunately, that 
is just a fact of conservation. We had to tell them 
yes, that is what we did, because you have to be 
honest with your customers. If you are going to 
increase your customer’s rates, you have to explain 
the reasons why you are doing so. Conservation is 
one of those.

We also implemented the Drinking Water Project 
(Figure 3). The reason I am showing Figure 3 is 
because we have talked a lot about resiliency 
and being able to move water around, but this is 
a data driven project. We have a permit that has 
flow restrictions on it and is gauged on a daily 
basis of the difference between what the flow is 
at Central Avenue and the flows upstream of our 
diversion dam. When those flows reach a critical 
low-flow period, we have to either shut down or 
curtail our diversions. Real-time data then becomes 
critical for us to manage our drinking 
water resources in Albuquerque. That 
is to protect downstream water rights 
holders and to protect endangered 
species in the Middle Rio Grande 
Valley as well. Those flow restrictions 
are critical to protecting those species 
and to senior water rights holders at 
the same time. We have to be ready to 
adjust almost on a daily basis.

We have seen huge impacts on the 
groundwater resources as a result of 
the projects we have been working 
on. With conservation, reuse, and the 
Drinking Water Project, the aquifer in 
the Middle Rio Grande is rebounding 
and is doing so quickly. There are many 

places in Albuquerque where the aquifer has risen 
as much as 25 feet in five years. From the graphic 
in Figure 4, in 2008 you can see that period in 
dark red where we had drawdown of about a 100 
feet. These are 20-foot contours. You can see that 
in a period of only about four years, those areas 
increased in elevation by about 20 feet. That is 
widespread in the Northeast Heights and is true 
in much of the valley. The maps on Figure 4 were 
based upon nineteen monitoring wells that we 
built working with the USGS to monitor changes in 
groundwater elevation in the Albuquerque area. It 
was a data driven need. We needed to understand 
the connection between the aquifer and the river 
and we used data as a way of doing it. This is 
driven by real-time data. In fact, you can go to the 
USGS website and look at any of these wells in or 

Figure 3. San Juan-Chama surface water - DWP.-

Figure 4. USGS monitoring aquifer levels - major changes in MRG GW 
levels.
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Figure 5. Water Budget Modeling.

surrounding Albuquerque at any point in time. In 
other words, the Statewide Water Assessment is 
critical for water utilities like us that are managing 
both groundwater and surface water resources. We 
need to know the impacts of what we are doing in 
the basin and also to be able to save water at the 
same time.

We have developed a dynamic simulation 
water budget model that can use real-time data 
(Figure   5). We hope to use real-time data to be able 
to manage our resources. This takes into account 
water in storage, water we are pumping, water in 
the river, how much is in our reuse system, what 
our demand is on a given day, what the demand is 
that week, and being able to use this water budget 
model to best manage our water resources and 
reduce impacts.

Figure 6 is a picture of what the water budget 
model can do. It can model the impacts of what 
we are doing on the aquifer. The dotted green 
line shows what would happen if we would have 
continued to mine the aquifer in the way we did in 
1995 with 252 gallons per capita per day. Then you 

can see the solid green line, which starts to show 
that inflection point around 2008 which is when 
the aquifer began to rebound. When the Drinking 
Water Project came on, we started to see that 
rebound immediately.

Figure 7 is a picture of the water budget model 
that took real-time hydrology data from the Upper 
Rio Grande Water Operations Model (URGWOM)
that is used extensively in the Middle Rio Grande 
Valley. It takes data from that, the Corps of 
Engineers, and other sites for us to be able to 
manage our resources. Figure 8 is a picture of 
how we are using that data to develop our annual 
operating plans.

Figure 9 depicts our actual water usage. The blue 
line is the impact of surface water. In the drought 
we are using surface water, and then all of sudden 
we are shut off because of the curtailment and flow 
restrictions. You can see groundwater increase in 
the red and overall use in the yellow. This is an 
optimization routine that you can use to see what 
the impacts are of changes in the river on a daily 
basis.
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Figure 7. Incorporating real-time hydrology.

Figure 6. What is happening to the aquifer?
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Figure 8. Utilizing real-time data to incorporate URGWOM output.

Figure 9. Optimize water resources to meet varied demands.
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Being able to optimize our resource use 
and using aquifer storage and recovery 
when water is available is a critical aspect 
for us, and I think for the state as a whole 
(Figure   10). We are doing an infiltration 
project right now that is a small project, but 
there are many other ways to optimize the 
use of resources when they are available. We 
don’t get a lot of resources and sometimes 
when the resources do come in, they come 
in almost all at once. I think that in New 
Mexico we need to do a better job when 
we have high water supplies or when we 
receive high volumes of water instead of 
just saying, “Whew, thank God, it sure has 
been a great summer,” or “There sure is a 
ton of snowpack, that makes me 
feel good.” Instead, we should 
be looking at ways to store that 
water or use it in different ways 
so that when the drought comes, 
we can say we did a good job of 
planning and taking some of that 
water into the future. That is an 
issue we need to address.

We use real-time data all the 
time. Figure 11 shows our 
data system. We have full-time 
operators 24 hours a day seven 
days a week that watch our 
reservoirs. The purple indicates 
our reuse reservoir. We are in 
constant communication so we 
can see every drop of water that 
leaves our reservoir, what the 
levels are, when we are feeding 
the reservoirs, and when we are 
filling the reservoirs. This is just one screen 
shot, but we constantly use real-time data 
every day.

We are also incorporating automated 
metering systems so people can actually 
see their daily water use (Figure 12). We 
have 57,000 of these installed out of 200,000 
customers. We are ramping that up to get 
it completed, but you can actually see your 
water use on a daily basis - you can see 
that use every fifteen minutes. If you water 
your yard, you can look and see just how 
much water you used over that time, or how 
much you use when you shower. You can 
actually get that data for yourself. We have 

Figure 10. Optimizing water resources when available.

Figure 11 Water authority real-time monitoring – always using ‘up-to-date info.’

3

Figure 12. 57,000 plus AMI endpoints 30% installed.

3
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a portal where our customers can go in and do 
that. Our customers want real-time data. Just as 
we as a utility want real-time data to manage our 
resources, customers want real-time data to better 
manage their use.

How important is this? Figure 13 depicts a meter 
at 7708 Briar Ridge. I hope none of you live at 
7708 Briar Ridge because it had a leak. You can 
see that they were going along fine, then all of a 
sudden there is a large spike that started about 
10:00 a.m. and kept going up. The automatic meter 
reading was able to see that increase in usage and 
we were able to contact the customer immediately 

Figure 13. Continuous usage report.

Single Day Usage was 934 CF = 6986 Gallons 
average family of 4 uses 53 CF per day = 400 Gallons

Account at top of the list (avg 38 CF = 284 gallons per hour) 
(FlexNet 17767639 @ 38cf on august 19th, 2013)

and say, “Hey, I think something is going on with 
your system. Here, take a look.” Lo and behold, 
while working with that customer a leak was 
found. The leak was fixed and you can see the 
effect; their usage went back to normal in one day. 
The automatic meter reading is an immediate 
response to a problem or issue that you have on 
the customer side. These are the benefits of real-
time data and real-time management. The current 
Statewide Water Assessment is critical for us to 
be able to use real-time data and then transfer the 
benefits to our customers.

Thank you very much. 
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Andrew Erdmann is a Water Resources Coordinator with the City of Santa Fe’s Water 
Division. Working in this capacity, Andrew has been involved in many large scale 
water issues including the management of San Juan-Chama project water, watershed 
restoration and management, water rights permitting, and planning for the impacts 
of climate change on future water availability. Prior to his work in municipal water 
management at the City of Santa Fe, Andrew held other positions in the water field 
including in the fisheries biology program for the US Forest Service and in water 
rights adjudication and administration at the New Mexico Office of the State Engineer. 
Andrew has a BA degree from Bard College in upstate New York and MA degrees in 
both water resource policy and natural resources planning from the University of 
New Mexico. 

Large Utility

Andrew Erdmann, City of Santa Fe

Hi, my name is Andrew Erdmann and I’m here 
speaking for the City of Santa Fe where I’m 

a water resources coordinator. I’m here to talk 
about how we manage our water and I thought I’d 
go over some basic information about our city’s 
system to help explain how we would benefit 
from the Statewide Water Assessment. We use 
both surface water and groundwater sources. 
First I’ll talk about how we use our surface water, 
how we would benefit from the Statewide Water 
Assessment, and how we could contribute to that 
effort. Then, I’ll provide information about our 
groundwater and plans for the future in terms of 
new sources. 

Santa Fe consumes about 10,000 acre-feet of water 
a year, of which 75 percent is surface water. We 
have 81,000 water customers and our consumption 
rate is about 101 gallons per capita per day, 
something the City is quite proud of. Our four 
water sources include the Santa Fe River, which 
starts in the mountains; San Juan-Chama Project 
Water, via the Buckman Direct Diversion; a well 
field located in the city itself; and the Buckman 
Well Field located near the Rio Grande. 

Our management objectives include: 

• Prioritize the use of Renewable Surface 
Water

• Sustainably Utilize Groundwater as a 
Backup Supply

• System Efficiency
• Pursue Conservation
• Source Water Quality Protection
• Maintain Resiliency Despite Climate 

Change

We are trying to prioritize the use of renewable 
surface water as our primary source. As I 
mentioned, about 75 percent of our supply comes 
from surface water in a good year. At the same 
time, we also have groundwater sources that 
we use as a backup supply and we want to use 
that supply sustainably. Another goal is system 
efficiency at all scales including efficient use of 
power to run the system (including using solar 
power) as well as end-user conservation measures 
that we encourage. We aggressively pursue 
conservation measures at the end-user level and 
in terms of identifying and fixing leaks. Source 
water protection is also very important for both 
our surface waters and the groundwater sources. 
These objectives are aimed at making the city more 
resilient even as the impacts of climate change 
become more severe. 

Our surface water supply includes the Santa Fe 
River that originates in the mountains just north of 
town and which has two storage reservoirs holding 
a combined amount of approximately 4,500 
acre-feet. The river is located in, basically, a wild 
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watershed where there is no land use and it has 
been closed to the public for decades. Much of the 
data compiled by the Statewide Water Assessment 
and related studies that Sam Fernald described 
earlier today could be very helpful. For example, 
actively updated satellite-based precipitation and 
evapotranspiration measurements could help the 
City to better understand the relationship between 
rainfall, soil moisture, plant cover and reservoir 
levels. This could help to time reservoir releases 
– for the City’s Living River Ordinance, or for 
deliveries to acequias in order to maximize the 
usefulness of those releases for urban vegetation 
as well as creating space in the reservoir at a time 
when additional inflow is likely.

Another helpful aspect of the assessment would 
be the Dynamic Statewide Water Budget, which 
could help to alert the City as to when issues 
with the interstate compact could be triggered. In 
times when Article 7 of the Rio Grande Compact 
is enforced, the City is limited in its ability to store 
water in its upland reservoirs and needs to adjust 
its management plans. Techniques and information 
about forest thinning treatments, and looking at 
the relationship between these treatments and 
prescribed burning and the relationship with 
reservoir storage as well as providing information 
from other areas of the state to help us better 
manage our resources could be very beneficial.

Our second surface water source is the San Juan-
Chama River Project Water. This water is diverted 
about fifteen miles northwest of here from the Rio 
Grande through the Buckman Diversion Facility. 
This facility works best if the water isn’t too turbid. 
When it gets too turbid and sandy, it becomes very 
difficult to treat and is very hard on the equipment. 
Improved upstream monitoring of precipitation 
and other conditions likely to cause spikes in 
turbidity could improve operational efficiency.

The City has a lot of data collected over the years 
that we could potentially contribute. We have 
good forestry and hydrology data because of our 
closed watershed. It is a good location to explore 
options such as forest thinning as forest thinning 

projects have been taking place there since the 
early 2000s. This information could be useful to 
other places around the state. Likewise, we have 
done climate modeling that looks at our usage 
and the implications for our utility to about year 
2050. The model predictions could improve the 
statewide dataset and could also benefit from data 
collected and presented in that dataset. We also 
have reservoir data going back decades. Finally, 
we have a wastewater plant that releases water 
downstream. We could provide information about 
how much water we have released, and we could 
benefit from learning about the impacts of those 
releases and how to calibrate releases below town.

We have two groundwater well fields. Our 
City well field has eleven wells within the city 
limits. We also have the Buckman Well Field that 
comprises 13 wells located 15 miles northwest 
of the City near the Rio Grande. We have an 
interdependent system: the water that comes out 
of the Santa Fe River watershed is what recharges 
the aquifers from which the City well field draws. 
Likewise, the Buckman Diversion comes right off 
of the Rio Grande so it directly impacts the river 
from which we draw our San Juan-Chama River 
Project Water. Information about groundwater and 
surface water interaction, how these are connected 
upstream from us, and what our impacts are 
could help us manage our groundwater for 
when it is really needed. We do monitor our 
groundwater, primarily because it is required 
by the state engineer, but our monitoring goes 
back a very long time. We also have the pumping 
data that goes back quite a while that could be 
used for calibration. We have extensive studies 
on the geology of the area. We’d like to share that 
information regionally and make it available to the 
Statewide Water Assessment.

Other examples of coordination with the Statewide 
Water Assessment include the proposed collection 
of GIS-based data on groundwater level change, 
especially as the effects of climate change become 
more pronounced–that could help the City to 
better balance its use of these resources. Ongoing 
collection and compilation of groundwater storage 
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and level change data could also help to identify 
possible threats to the municipal water supply 
and allow the City to shift its use. If, as we’re told, 
precipitation starts arriving in less frequent and 
more dramatic events, the City could use that 
information to guide land-use decisions.

Looking toward the future, we are also interested 
in reclaimed water. The tools in the assessment 
can help the City to evaluate what we need 
to do to utilize reclaimed water. One of the 
difficulties in doing this is that the high demand 
season and the low reclaimed water availability 
season are the same season. One solution for this 
may be groundwater storage, which the City is 
interested in pursuing, both through stormwater 
management practices and through aquifer 
storage and recovery projects. Improved data on 
groundwater levels and flow conditions would 
greatly help with this effort.

Lastly, we are interested in well-field sustainability 
analysis. As I mentioned at the beginning of this 
presentation, sustainable well-field management 
is a management goal for the City of Santa Fe. 
But we still aren’t really sure what that looks 
like. A lot of the data in this assessment would 
be very valuable for inclusion in an analysis, 
including incorporating the new data along with 
advances in modelling techniques and technology 
into the City’s well-field management practices. 
Information about how our use of the groundwater 
resources impact the aquifers, how the aquifer 
works, where water moves, and tying in all of the 
surrounding water users, whether domestic or 
non-municipal users like irrigators, could help us 
to better manage what we have. 

If anyone has any questions feel free to come and 
talk with me. Thank you.
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Dale R. Dekker is an original founder of Dekker/Perich/Sabatini with extensive 
experience in architecture and planning projects that are socially, economically, and 
environmentally sustainable. Dale’s contributions to architecture include high tech, 
one-of-a-kind research facilities for Sandia National Labs, award-winning school 
designs across the Southwest, and large scale master planning projects such as the 
UNM Master Plan Update. Water and its use in the built environment has been of 
particular interest to Dale. He has served as a member of the Customer Advisory 
Committee of the Albuquerque Bernalillo County Water Utility Authority and most 
recently as a member of the working group that has developed the Rio Grande Water 
Fund a Comprehensive Plan for Wildfire and Water Source Protection, an effort 
spearheaded by The Nature Conservancy. Dale earned a Bachelor of Architecture-
Texas Tech University in 1975 and is a registered architect in New Mexico, Texas, 
Utah, Nevada, Arizona, Colorado, and Wyoming.

Manufacturing, Commerical and Industrial

Dale Dekker, Dekker, Perich, Sabatini Architects Engineers 
and Planners

Hello everyone. My name is Dale Dekker and 
I am an architect and planner and this is the 

unabashed, shameful infomercial about Dekker, 
Perich, Sabatini. We are an architecture and 
engineering firm in Albuquerque. I grew up in 
Albuquerque and we have about 150 employees 
with offices in Albuquerque, Phoenix, Amarillo, 
and Las Cruces. We have done several projects 
around Albuquerque including the renovation of 
Albuquerque High School and the Rust Medical 
Center on the west side of town. We also did the 
renovation of the Del Norte High School, and we 
have participated in large scale planning projects 
in our region. My familiarity with water really 
started when I served on the Business Advisory 
Committee for the Albuquerque Bernalillo County 
Water Utility Authority with Stephanie Moore and 
John Stomp, who were supportive. It gave me a 
sensitivity for the challenges we have, but also for 
the opportunities that we have regarding water.

As an architect and planner, I know that you must 
“study the past if you would divine the future,” 
as Confucius said. When looking at water in the 
region, you only need to look at the past to realize 
that drought is not uncommon. We need to plan 
for drought. That is just the way it is and how 
we need to build our communities. If you look at 
growth projections for our state, they are radically 
reduced from what they were five years ago before 
the recession when we were supposed to grow 

Figure 1. Reverse the trend to positive growth – attract 
opportunity for the next generation.

as a state over the next 25 years by about 675,000 
people to 2,775,000. What I think really concerned 
a lot of people in Albuquerque was that during 
the recession our millennial population actually 
decreased, and for probably the first time in the 
history of our city, we had a net-loss of migration 
of population (Figure 1). If you look at Bernalillo 
County and the surrounding four county area that 
includes Valencia, Sandoval, and Santa Fe counties, 
about 60% of the growth of our state is going to 
occur in that four county area. If you look in the 
rear view mirror, we grew by about 390,000 people 
from 1985 to 2010.
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Figure 2 shows our water wheel, at least as 
provided by the Middle Rio Grande Water 
Assembly. I, for one, believe that this water 
wheel will change, but I don’t think the change 
is going to come from agriculture. One of the 
reasons is that there is a trend toward locally 
grown and produced food. In Albuquerque, 
about three percent of our food is locally 
produced. The Urban Land Institute recently 
received a urban innovation planning grant to 
look at what it would take to grow 50 percent 
of our food locally by the year 2040. I’m a big 
believer that locally produced food deserves 
water and will be important.

John Stomp earlier talked about the conservation 
that has been achieved by the water authority 
in our region. What he didn’t talk about was 
the fact that they have had an increase of 65 
percent in accounts, but a 19 percent decrease 
in demand, which I think says a lot (Figure 3). 
When people understand what the issues are 
and line up all the tools in their available tool 
kit to conserve, we can achieve that. John also 
mentioned that in 1994 we were at 252 gallons 
per capita per day, and we reduced that to 136 
gallons pcpd in approximately 20 years. We still 
have some room to move downward; looking at 
Santa Fe, which uses 101 gallons pcpd, is a bit 
higher than San Francisco, which is at 91 gallons 
pcpd.

I have gained a great appreciation for what it is 
going to take to protect our groundwater; the 
options we have for recharging our groundwater 
supplies through proper management and 
proper use of our arroyos; management of 
our bosque and protecting it from extreme 
fires; as well as protection of our watersheds. 
We are working with a group from the Nature 
Conservancy on forest restoration projects. 
Businesses are becoming very interested in 
harvesting groundwater as a future source of our 
green infrastructure. Clearly, we have to adapt, 
and in the Middle Rio Grande region, we must 
adapt and change our built urban environment to 
respond to a drier and hotter future. The question 
is: how are we going to do that?

It is my opinion that we are going to adapt 
building codes, our land-use development codes, 
and use of new technology to achieve some of the 
things that John talked about earlier like real-time 
metering and feedback to users as well as creating 

a linkage between our urban form and our use of 
our resources, be they energy or water. The reality 
is that we live in a high desert that is subject to 
drought and we need to talk long-term, which 
is not a politically correct term, because I don’t 
think politicians think long-term. They think every 
two years how they can survive the next election, 
but we citizens need to start thinking long-term. 
Urban sprawl was how the West was developed, 
but density is going to be the key in preserving our 
resources. The key here is that density is not a four 
letter word. In New Mexico, everybody wants their 
little plot of land with their landscaping and to 
take advantage of our beautiful views and vistas. 
But quite frankly, we are going to need to change 
our cities to adapt to the future.

Figure 2. Water wheel provided by the Middle Rio Grande Water 
Assembly.

Figure 3. ABCWUA water usage by customer class.
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An example that I use is the ABQ Uptown 
Apartment Project that our firm designed where 
density equals less water. If you look at water use 
from multi-family and single family units, the 
average multi-family unit here uses roughly 126 
gallons per day. At ABQ Uptown, utilizing all the 
up-to-date building and landscaping codes, we are 
at 70 gallons per day.

We often talk about sustainability in terms of a 
carbon footprint, but I think we are going to start 
talking about the water footprint. If you look at the 
aerial footprint of ABQ Uptown, it is a sixth of the 
size of the single family subdivision that is to the 
east (Figure 4). A trend which will challenge us, 
particularly in our urban built areas, is the whole 
movement toward work, live, play, and the idea 
of walkable livable 
communities. It is 
what the market 
wants and what 
millennials want, 
but density uses less 
land.

Any number of 
examples are 
available and we 
will see this great 
renaissance in some 
of our existing 
industrial areas 
such as Journal 
Center, which was 
a 1980s single-use 
suburban office 
park where we 
are going to start 
mixing residential 
and commercial 
uses to create 24/7 places. The impact when you 
start to do these in-fill projects–and Albuquerque 
has many nodes where this can be done, from 
uptown Journal Center or downtown to places 
on the west side–is that you start reducing the 
impact of single occupancy vehicles traveling from 
about 90 percent to about 50 percent. It is also 
multimodal because you can tie into transit such 
as the Roadrunner, which also cuts down on your 
carbon footprint.

Density is a fact of life and I think it is going to 
be something that we New Mexicans are going to 
need to embrace because it uses less water, energy, 
land, and requires less transit. These are the things 
we are going to need to invest in. We talk about 
innovation and we have all heard about Innovate 
ABQ and the opportunities there. As Steve Jobs 
said, “Innovation is the ability to see change as 
an opportunity—not a threat.” How do we deal 
with that? If you look at Albuquerque, Santa 
Fe, Sandoval, and Valencia counties, the area is 
roughly 7,800 square miles. If you look at Israel, 
it is only 8,000 square miles. So that four county 
area is about the same size as Israel. That area has 
a population of about one million people. Our 
gross domestic product for the area is about $48 

billion, or roughly 
60 percent of our 
state’s income. In 
Israel, in the same 
sized area, they 
have eight million 
people and a gross 
domestic product of 
about $290 billion, 
and they grow 85 
percent of their 
food. We have great 
examples out there 
globally that we can 
draw upon, but also 
I think we have a lot 
to offer the world.

Water stress is not 
just an issue of the 
Rio Grande Valley. 
It is a global issue 
and we are a thirsty 

planet. It is projected that by the end of the decade, 
3.2 billion people are going to live in water-stressed 
conditions. That is New Mexico multiplied by 
1,600. It is hard to fathom what the impact of water 
shortage will be on a global basis. This is a strategic 
issue for our whole country.

I think that this is our unique opportunity–and I 
have talked at length with Scott Verhines about 
this. Our Rio Grande is a living full-scale research 
and development lab, and the watershed could 

Figure 4. Aerial footprint of Albuquerque Uptown.

Water Footprint: 201 Units @ 1.7 = 344 people
137 Units @ 2.5 = 344 people
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Figure 5. Economic Development Cycle.

Figure 6. New Mexico trifecta: nature, culture, and 
technology.

become a test bed for many of the technologies, 
processes, and policies that could be applied 
globally to deal with this problem. We have the 
intellectual capital, and the engineering and 
infrastructure to deal with the situation here in 
our state. If you look at the economic development 
cycle of demand driving innovation, businesses 
are created around that (Figure 5). Innovation 
provides products and services in response. Our 
economic cycle allows us to make lemons into 
lemonade. I think New Mexico has the opportunity 
to turn water into a global economic development 
competitive advantage.

New Mexico has a trifecta depicted in Figure 6. We 
love our nature and we want to preserve it for 
future generations. We have this unbelievable 
cultural heritage that is unique in the United States 
if not the world. We also have technology 
presented at our national labs, and I want you to 
look at the technology piece in the figure. That is a 
nano-machine that is one hundredth the diameter 
of a human hair—look at the design of that piece. It 
is something we as New Mexicans can show and 
celebrate. It is about balancing man with our 
natural ecosystem and finding the balance to make 
it all happen. Thank you. 

Nature

Culture

Technology
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Raymond Mondragon currently represents seven counties (Curry, Roosevelt, DeBaca, 
Guadalupe, Quay, Harding and Union) and all 22 incorporated communities within 
those counties on the Economic Development/Government Affairs office for Eastern 
Plains Council of Governments. Raymond has extensive experience working in the 
area of economic development and legislative relations. From 1974 to 2001, he 
served in the Clovis Police Department under various capacities, including Chief of 
Police. Raymond graduated from the New Mexico Law Enforcement Academy, F.B.I. 
National Academy in Quantico, Virginia, and Arizona State University’s Southwest 
Command College.

Regional Water Planning/Economic Development

Raymond Mondragon, Eastern Plains Council  
of Governments

Hello everyone. I’m going to talk about 
three main issues today: source-water 

protection, regional plans, and I’ll conclude with 
a presentation about the Ute Pipeline Project in 
eastern New Mexico, a $500 million project.

First, I’d like to recognize New Mexico First and 
its President, Heather Balas, who will be here 
tomorrow. How many people here attended the 
New Mexico First Town Hall meeting on the water 
issue? I can see that we have a large cross section 
of people here who attended that meeting as well. 
I know that State Engineer Scott Verhines attended 
the Town Hall. As a side note, Scott was also our 
engineer when we were designing the Ute Pipeline 
Project. We’ve kind of adopted him on the east side 
of New Mexico.

New Mexicans want a balanced water policy 
that plans for future shortages. New Mexicans 
want to expand water storage and reuse. We 
want to address legal issues and to protect the 
environment. New Mexicans also want to explore 
new water sources including the potential of 
cleaning brackish waters in our aquifers. They 
also want to improve the ways that the state 
finances water projects. These were some of the 
fifteen recommendations that came out of the 
Town Hall meeting on water held in Albuquerque 
recently. Our state engineer mentioned two of 
those recommendations this morning, and I’d 
like to point out several others. Recommendation 
number one was to improve state and regional 
water plans. Currently there are 16 water plans 
in New Mexico. I am in Region 1 comprising 
the counties of Curry, Roosevelt, Quay, Union, 
and Harding. Our steering committee is now in 

place and the chairman of the committee is the 
honorable mayor of Portales, Sharon King. How 
many people here today are participating in these 
state or regional plans? It is good to see a number 
of people involved in water planning here as well. 
It is very important that we put these 16 regional 
water plans together and we are working with the 
state engineer on this. I encourage those of you 
on steering committees to work diligently and 
aggressively to get these water plans completed.

An issue I want to address today is source water 
protection planning. The Village of Ruidoso just 
finished a plan. Not only are we concerned with 
the quantity of water, but the quality as well. 
How many of you are working on source water 
protection plans? Just one person? The City of 
Clovis, in conjunction with Portales as part of 
the regional water plan, is currently waiting for 
approval from the State, but has already received 
approval from the EPA. The Eastern Plains Council 
of Governments has received a grant to administer, 
direct, and supervise source water protection, and 
I will be the director for that effort. Once we get 
the water, what are we going to do with it? How 
are we going to protect that water? Remember, 
when talking about water today, blue is the new 
gold because water is gold to us. Who would have 
ever thought years ago that we would be having 
this discussion? It is important to look ahead and 
have these source water protection plans. We will 
save money through prevention. The New Mexico 
Environment Department has produced brochures 
about source water protection planning. Hopefully, 
some of you will start working on these programs 
in your regions.
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To start working on a plan, you need a committee 
planning team. Our team reviewed source water 
assessments to identify source water areas to 
be protected and for sources of contamination. 
Another step is to develop methods to prevent 
contamination of source water protection areas 
such as public education, zoning, ordinances, 
fencing, and signage. Then, you prepare a source 
water protection plan to identify actions to prevent 
source water contamination. Finally, the last step is 
to implement the plan. 

Our blue is the new gold–without water, we have 
no economic development. In Clovis, we formed 
the Economic Development Response Team, on 
which I served as chairman. We have about 175 
dairies between Clovis and Portales and several 
years back, a dairy producer’s co-op was formed. 
New Mexico is the seventh largest dairy producing 
state in the nation. Clovis recruited a company, 
Glambia, from Ireland. At the time, I was mayor of 
Clovis, and we were able to attract and negotiate 
for Southwest Cheese, the largest cheddar cheese 
facility in the world. It ships all over the world 
and provides 300 jobs. It also uses water, but their 
water is reused. They filter, clean, and recycle their 
water so they are doing their part to protect our 
water–our new gold. 

Here in the Albuquerque area or anywhere in the 
state, companies require water. Water is critical to 
economic development. Helen Keller said, “What 
is worse than being blind is a community with no 
vision.” You must have vision to move forward 
and you must work together as a community. 
I have always said this and the various cabinet 
chairmen I have spoken with have always said 
that economic development, water, and water 
needs should never be partisan issues. Economic 
development is an issue for all New Mexicans to 
be concerned with in order to move forward. It 
is important that we work together as a team to 
make New Mexico better. When we work together 
we make New Mexico stronger. When we create 
jobs, we make New Mexico stronger. When we 
create jobs, we also have good gross receipts in our 
communities. Everybody has to work hard to make 
New Mexico thrive. 

The Eastern New Mexico Rural Water System 
Project is a $500 million project and has been 
underway for a very long time. In 1959, the state 
legislature formed a committee to look at the 
Canadian River, and they realized that we needed 
to build a dam to protect our resources for eastern 

New Mexico communities. In 1963, construction 
of Ute Reservoir was completed. It is owned and 
operated by New Mexico through the Interstate 
Stream Commission and was built to provide a 
municipal and industrial water supply to eastern 
New Mexico communities. 

I want to thank Scott Verhines who was our 
engineer on the project. Also, Gayla Brumfield 
is the chair of the Eastern New Mexico Rural 
Water Utility Authority and is here today and I 
thank her. Sharon King is the mayor of Portales 
and vice chair of the water utility authority. We 
have included in this project a water conservation 
effort. As you have heard from other speakers 
today, water conservation is a very important 
component in preserving our water resources. 
Chris Bryant, commissioner for the City of 
Clovis is also here today. Chris is the chair of 
the Water Policy Committee. Fidel Madrid is the 
current chairman of the Eastern Plains Council of 
Governments, where I also work as an economic 
developer of government affairs. My thanks to 
everyone. I am recognizing these folks because 
they work as partners. I’d also like to recognize 
the ISC Commissioner and newly elected State 
Representative Randy Crowder who has also 
worked in these areas. The engineering firm on this 
project is CH2M Hill. I also wanted to thank Kristy 
Christopherson and Barbara Crockett who put 
together this PowerPoint presentation for me. They 
have all been involved in this $500 million project. 

I want to thank former U.S. Senator Jeff Bingaman 
as he was the chairman of the Energy and Natural 
Resources Committee in Washington at the time 
and was a great help to us along with former U.S. 
Senator Pete Domenici. As I mentioned earlier, Ute 
Reservoir was completed in 1963 and was built for 
municipal and industrial water supply needs for 
eastern New Mexico communities. It is also used 
for recreation. I remember at the ground-breaking 
ceremony we were met with quite a crowd that 
was against the project. It has been pretty tough 
road. As you know, the Ogallala Aquifer is rapidly 
declining. The aquifer is a finite resource so it is 
important that we have this project and that it is 
supported by the State. 

Canon Air Force Base is very important to eastern 
New Mexico. It has a $600 million economic impact 
to the region. They completed a report called The 
Trinity Report that substantiates and corroborates 
many of the findings by CH2M Hill. The Project is 
need. 
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Figure 1 is a good illustration of where we 
were in 1950 and the draws today in Portales. 
Portales’s well fields are nearing the end of 
the lives. I am impressed with Portales, which 
currently has the largest loan fund of $27 million 
for a new wastewater treatment facility. Portales 
has a lot of support for water usage and reuse. 
Wells are, in fact, going dry south of Curry 
County. Residents are having to haul water to 
their homes.

Figure 2 depicts the Project purpose, a regional 
solution.You can see the pipeline project flow. 
It will go through Canon Air Force Base and 
will have pipeline to connect to all of these 
communities.

Our water portfolio is shown on 
Figure 3. Water conservation is 
very important component for 
a sustainable future and the Ute 
Pipeline Project. Figure 4 provides 
the Project status.

The intake facility is shown in 
Figure 5. The intake goes down 
93 feet. And Figure 6 shows the 
construction of the transmission 
water supply that will connect 
member communities. Thank you.

Figure 1. City of Portales well fields measurement comparison to 
1950.

Figure 2. Pipeline project flow.

Figure 3. Regional water portfolio for the sustainable future.
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Figure 4. Ute Pipeline Project status.

Figure 5. Intake facility.

Figure 6. Construction of the transmission water supply.
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Statewide Water Assessment Researcher Panel 

Moderated by Bruce Thomson, University of New Mexico

Bruce Thomson will be retiring from the University of New Mexico where he is a 
Regent’s Professor in the Department of Civil Engineering at the University of New 
Mexico and is Director of the UNM Water Resources Program. He has a BS degree 
in civil engineering from the University of California at Davis, and MS and PhD 
degrees in environmental science and engineering from Rice University, Houston, 
TX. Bruce teaches in the areas of water chemistry and treatment, ground water 
hydrology and remediation, and water resources management. Recent research 
has included projects on water resources of New Mexico, the impact of energy and 
mineral development on water resources, and water reuse and treatment. He has 
served on many federal, state and local committees involved with management and 
protection of water resources. Bruce was recently elected to the Board of Directors 
of the Albuquerque Metropolitan Arroyo Flood Control Authority (AMAFCA). He is 
a licensed Professional Engineer in the State of New Mexico and received the 2013 
New Mexico Public Sector Engineer of the Year award.

Jesse Roach is a Senior Water Resources Engineer at Tetra Tech Inc., in the Santa Fe, 
New Mexico office. His focus is on operations modeling in river systems using a variety 
of software including PowerSim and RiverWare. Jesse has 8 years of professional 
experience in simulation modeling of river systems including among others, the Rio 
Grande, and the Tigris and Euphrates. Jesse’s system level expertise includes surface–
groundwater dynamics, agricultural operations and demand, municipal operations 
and demand, and potential climate change impacts on water resources. Recently, 
Jesse was the lead modeler on a Bureau of Reclamation funded assessment of 
potential climate change impacts to water resources, and possible resulting changes 
to water operations in the Upper Rio Grande basin: http://www.usbr.gov/
WaterSMART/wcra/reports/urgia.html. Jesse holds Bachelor and Master’s degrees in 
Civil and Environmental Engineering from Stanford, and a Ph.D. from the University 
of Arizona in Hydrology and Water Resources. He worked at Sandia National Labs from 
2006 to 2014 as a senior member of the technical staff focused on building system 
level simulation models.

A Dynamic Statewide Water Budget for New Mexico 
by River Basin

Jesse Roach, Tetra Tech, Inc.

Description

The dynamic, statewide water budget (DSWB) 
will synthesize water supply and demand 

information from across the state into a single, 
easily accessible location, and in such a way that 
users can view information at a variety of spatial 
scales (Figure 1). The overall objective of the 
project is a holistic view of water resources in the 
state to help support local and regional education 
and planning to improve stewardship of New 

Mexico’s limited and critically important water 
resources.

Methodology

The DSWB is being built by pulling existing 
information from a variety of sources, 
predominately the New Mexico Office of the 
State Engineer / Interstate Stream Commission’s 
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Regional Water Plans (NM-OSE-ISC, 1999-2008), 
the New Mexico Office of the State Engineer’s 
Water Use reports (Longworth, Valdez, Magnuson, 
& Richard, 2013) and USGS stream gage 
information. 

Results to Date and Work Remaining

• Model development to date has been docu-
mented (Figure 2). Specifically, the current 
draft documentation (which will make up a 
large portion of the final report) includes de-
scriptions of the human population model, 
municipal and self supplied domestic water 
use, and agricultural use including descrip-
tions of precipitation data manipulation 
and evapotranspiration calculations. (This 
completes remaining work item “j” in the 
October 1 progress report.)

• The regional plans were mined for agricul-
tural area and consumption, and no new 
information was found, but a new NMSU 
reference was discovered that helped in 
quantification of agricultural areas. (This 
completes remaining work item “k” in the 
October 1 progress report.)

• Conversations did occur with Nathan Myers 
at USGS and Talon Newton at NMBG about 
the status of their work and if and how we 
will be able to incorporate it into our model-
ing efforts. The NMBG recharge work will 
only produce locational information this 
year, and so will not be particularly useful. 
The USGS work will be useful, especially 
in quantifying losing and gaining reaches. 
(This completes remaining work item “l” in 
the October 1 progress report.)

• We have completed implementation of 
Blaney Criddle crop consumption and are 
reaching out to OSE staff to see why our cal-
culations give numbers consistently higher 
than the numbers they publish.

• We have added riparian area and riparian 
consumption information to the model.

• We have plotted consumption as a fraction 
of diversions for public supplied and do-
mestic self-supplied water by county to use 
in estimates of indoor and outdoor use.

• We have updated our conceptual mass bal-
ance model.

• We produced a poster and an oral presenta-
tion summarizing our work for the WRRI 
conference.

• Remaining work: We need to add use in-
formation for livestock, mining, and energy 
production to the consumption portion of 
the model.

• Remaining work: We need to add surface 
water information from the USGS work to 
the model. This will involve choosing gages 
as representative of surface water entering 
or leaving a particular mass balance ac-
counting unit.

• Remaining work: We need to add ground-
water recharge information and storage 
change information as available. Need to 
talk to Stacy Timmons at NMBG to see if 
she will have groundwater storage change 
estimates we can use.

• Remaining work: We need to find reservoir 
storage data for Pecos reservoirs, Canadian 
reservoirs, San Juan reservoir. Others? 
Ruidoso?

Investigators

Principal: Jesse Roach Ph.D., Tetra Tech Inc. 
Unfunded Collaborators: Vince Tidwell Ph.D., 
Sandia National Laboratories, Bruce Thompson 
Ph.D., University of New Mexico. Other 
researcher: Kenneth Peterson M.S., New Mexico 
State University.

References

Longworth, J. W., Valdez, J. M., Magnuson, M. L., 
& Richard, K. (2013). New Mexico Water Use by 
Categories 2010. Santa Fe: New Mexico Office of 
the State Engineer.

NM-OSE-ISC. (1999-2008). New Mexico Regional 
Water Plans. Santa Fe: New Mexico Office of the 
State Engineer / Interstate Stream Commission.
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Figure 1. NM Dynamic Statewide Water Budget (DSWB): conceptual model.
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Figure 2. DSWB: model building progress.
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Kenneth C. Carroll (KC) is an assistant professor in the Plant and Environmental 
Sciences Department at NMSU and supports the Interdisciplinary Degree Program 
in Water Science & Management. Formerly, he was a research scientist at Pacific 
Northwest National Laboratory. KC received a BS in geology from Ohio University, 
MS in aqueous/environmental geochemistry also from Ohio University, and PhD in 
hydrology and water resources from the University of Arizona. His research interests 
include advancing our understanding of water supply and water quality in arid regions, 
and development of innovative water resources, environmental-remediation, carbon-
capture, and energy-production alternatives. KC is currently working with NM WRRI 
on the statewide water assessment on spatiotemporal groundwater level changes 
throughout New Mexico.

Assessment of Spatiotemporal Groundwater Level 
Changes Throughout New Mexico

KC Carroll, New Mexico State University

Description of Project 

Fundamentally, fluctuations in groundwater 
levels reflect changes to the total water storage 

within an aquifer or aquifer system, which can 
highlight changes in either recharge or discharge 
to an aquifer. As groundwater is an important 
freshwater resource for both agriculture and 
municipal use in New Mexico, tracking and 
understanding changes in groundwater levels is 
beneficial for the overall assessment of freshwater 
resource allocation. More importantly, identifying 
localized changes in groundwater trends on 
a regional to statewide scale can help identify 
potential areas of current or future water stress, 
where groundwater is being mined instead of 
being pumped at a sustainable rate.

The hypothesis evaluated herein is that the 
spatial distribution and magnitude of change in 
groundwater elevation can be assessed and will 
support the evaluation of groundwater pumping 
change on the potential depletion of groundwater 
as a resource. The objectives of this study are to  
1) transmit data from a groundwater database into 
a Geographic Information System (GIS) to map 
out the spatial distribution of groundwater level 
changes for visual and spatial analysis, 2) calculate 
groundwater elevation, change in groundwater 
elevation, and change in groundwater pumping 
and population, and 3) evaluate the potential 
impact of increased groundwater pumping on 
changes in groundwater elevation (Figure 1). 
The potential impact will be evaluated through 
comparisons of changes in groundwater elevation 

change and groundwater pumping through space 
and over time (Figure 2).

This work will help illuminate changes in water 
levels on a statewide scale, while also highlighting 
data gaps where future work is needed. In 
many regions of New Mexico, water levels are 
declining, but the data have not been compiled 
and analyzed to quantify regional changes in 
groundwater levels. Specifically, this project aims 
to update statewide groundwater level maps and 
to quantify the change in groundwater levels from 
1994 to 2014, showing intermediate times with 
corresponding groundwater levels, within the 
state of New Mexico. As a result of this project, 
regional to statewide scale maps of groundwater 
levels and changes in groundwater levels will be 
produced alongside a spatial database containing 
groundwater level data for New Mexico. 
Additionally, this project will attempt to identify 
trends in population increase, change in land 
use, or other possible causes for groundwater 
depletion by creating maps comparing changes in 
groundwater levels with changes in the external 
variables mentioned above.

Methodology

In order to evaluate changes in groundwater levels 
within individual wells in New Mexico, trend 
analysis will be applied to groundwater level 
measurements collected from various agencies 
including, but not limited to, the United States 
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Geological Survey (USGS) and the New Mexico 
Office of State Engineer (NMOSE). The change 
in groundwater elevation will be calculated for 
individual wells as point location measures of 
the groundwater system. The groundwater level 
change is the difference between the water level at 
an earlier time and at a later time. The change in 
groundwater level will be plotted as a map across 
NM State, which will consist of a point map of the 
changes in groundwater over time at specific wells. 
The data will be plotted to support spatial analysis 
and visualization of trends (e.g., variable color or 
point size proportional to the amount of change) 
The trend of groundwater levels calculated for 
individual wells will then be used as a model for 
estimating relative groundwater levels at specified 
time intervals for each individual well. Once the 
trend analysis has been applied to the different 
well data points, GIS will be used to map the 
estimated changes in groundwater level across the 
state. After statewide groundwater level maps are 
created, census, land use, and other relevant spatial 
data will be collected and imported into ArcGIS 
to compare trends in groundwater depletion and 
changes in potential drivers for groundwater 
depletion.

Results to Date

Data are still being collected from the USGS, and 
are being compiled into a MS Access database. 
The bulk of the data is from the USGS, NMOSE, 
and NM Bureau of Geology & Mineral Resources 
(NMBGMR), which now includes about 5400 
well locations and over 130,000 water level 

measurements. We are using the same data as 
the “Ground water level and storage changes” 
project to insure common data are being used 
between the two water-level projects. We have also 
been developing an R program for trend analysis 
of groundwater level over time using locally 
weighted scatterplot smoothing (LOESS) trend 
analysis. The code can be applied to individual 
wells currently, and we are automating the data 
entry and processing to work with all well data 
from the database. The trend calculations method 
will be used with the complete database, and 
exported results will then be imported into ArcGIS 
to complete the mapping of groundwater level 
change over time. We have also been compiling 
and developing a data subset into GIS coverages to 
support the project.

Investigators

Kenneth C. Carroll NMSU; Stacy Timmons, New 
Mexico Bureau of Geology and Mineral Resources; 
Matt Ely, USGS; Mike Johnson, Hydrology Bureau, 
New Mexico Office of the State Engineer; and 
Nathan Myers, USGS.

References
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Figure 1. NM Statewide Water Assessment: Assessment of Spatiotemporal.
Groundwater Level Changes Throughout New Mexico.

• Transmit data from a groundwater database into a Geographic 
Information System (GIS) to map out the spatial distribution of 
groundwater level changes for visual and spatial analysis

• Calculate groundwater elevation, change in groundwater elevation, 
and change in groundwater pumping and population

• Evaluate the potential impact of increased groundwater pumping 
on changes in groundwater elevation

Objectives

Projected Outcomes
• Statewide maps showing changes in groundwater elevation from 

1994 to 2014 (5-year time intervals)
• A map of the change in groundwater levels over time provides a 

spatiotemporal assessment of the impact of groundwater 
withdrawals over time throughout NM. 

Figure 2. Selected shallow (0-150 ft) groundwater data & trends.
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Mark Gunn is the Assistant Director at the USGS New Mexico Water Science Center. He 
is first author on a 2014 publication, “The USGS at Embudo, New Mexico: 125 Years of 
Systematic Streamgaging in the United States.”

Surface-Water Inflow, Outflow, Gains, and Losses
in New Mexico

Mark Gunn, USGS, New Mexico Water Science Center

Description of Project

Surface water is the primary source of water for 
irrigators along major stream corridors in New 

Mexico and is increasingly being utilized by large 
municipalities, such as Albuquerque and Santa 
Fe, for potable water supply. Minimum surface-
water flows into and out of the state are regulated 
by interstate compacts, but the total quantity 
of surface water can vary widely from year to 
year. In addition, the timing and volume of peak 
surface-water flows is changing because of changes 
in precipitation patterns and increases in mean 
annual temperatures.

The objectives of the proposed work are:

• quantify the volume of streamflow entering 
and leaving New Mexico at selected stream 
gages at or near state borders and at Inter-
state Compact gages and

• quantify streamflow gains and losses  
between selected gages in New Mexico.

The data will be provided as a set of Geographic 
Information System (ArcGIS) files, suitable for 
integration into a Statewide Water Assessment 
database. Within a Statewide Water Assessment 
database streamflow data and derived statistics 
could be used by water managers to plan for the 
best patterns of storage and use of surface water 
within the state while still meeting Compact 
obligations.

Methodology

Daily mean streamflow data will be obtained from 
the network of USGS streamflow gages in New 
Mexico and adjacent states. Gages selected for data 
analysis will include gages along major streams 
and selected tributaries in the state (Figure   1). 
Where major streams cross state borders, a gage 
near the border, either in New Mexico or in the 
adjoining state, will be included in the set of gages 
selected for analysis. Daily mean streamflow 
data and derivative products will be stored in 
ArcGIS files that are compatible with others being 
prepared for the Statewide Water Assessment 
database. Differences in monthly mean streamflow 
at selected gages will be analyzed for gains and 
losses in streamflow. For visualization of patterns 
of streamflow gains and losses, stream reaches 
between selected gages will be categorized on a 
seasonal basis as strongly gaining, gaining, no 
gain/loss, losing, and strongly losing.

Results to Date 

• An initial selection of candidate streams has 
been done.

• Gages along the candidate streams have 
been identified. 

• Initial streamflow data for analyses has been 
obtained.

• Screening of candidate streams is done.

• Screening of gages is done.
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• Downloaded streamflow data for selected 
gages.

• Loaded streamflow data into GIS files.
• Currently exploring temporal and spatial 

aspects of streamflow data.
• Best time interval for analyses appears to 

be annual, but a monthly analysis period 
may be appropriate where gages are close 
together and there are few gains or losses 
between the gages.

• Computing differences in streamflow for 
gages and stream reaches is done for the 
Gila, San Francisco, San Juan, Cimarron, 
and Canadian Rivers.

• Gaining and losing stream reaches are being 
identified as we go.

• Working on ArcGIS animation where by 
gaging station symbol size varies accord-
ing to magnitude of annual flows and river 
reach color and line width vary according 
to gain or loss and volume of gain or loss, 
respectively.

 Rio Grande
 Pecos River
 Canadian River
 San Juan River
 Gila River

Figure 1. Major streams and USGS stream gages.

Work Remaining 

• Explore temporal and spatial aspects of 
streamflow data. This element probably will 
be completed during report writing.

• Finish GIS work on remaining rivers.
• Finish ArcGIS animation setup.
• Document digital data sets (metadata).

• Write report.

Investigators

Nathan Myers, Matt Ely, and Joe Affinati, U.S. 
Geological survey, Albuquerque, NM
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Tom Schmugge is a volunteer senior scientist at NM WRRI and is working on the 
institute’s new initiative on developing a statewide water assessment. His expertise 
includes microwave and infrared remote sensing of the land surface. Formerly he was 
the Gerald Thomas Professor of Natural Resources at New Mexico State University. Tom 
served 33 years with NASA and the USDA Agriculture Research Service using satellite 
observations for Earth surface studies. He is a Fellow of the American Geophysical 
Union, from which he received the Union’s Horton Metal in 2006. He received a PhD in 
physics from the University of California at Berkeley.

Comparison of Operational Precipitation 
and Evapotranspiration Products 
for the Statewide Water Assessment
Thomas Schmugge, NM Water Resources Research Institute

Description of Project

The economic vitality of New Mexico depends 
on its water availability, but no one knows 

exactly where, when, and how much water 
is available in the state. Precipitation and 
evapotranspiration are the major components 
of a water balance equation. We have identified 
five precipitation and three evapotranspiration 
products, currently available over New Mexico. 
The research objectives for this project are: 

• We will compare and contrast the each of these 
products spatially and statistically (Phase 1).

• We will validate the products against reliable 
measurements: precipitation products against 
precipitation gauges and experimental ranges 
and evapotranspiration against METRIC 
model ET maps (Phase 2).

• We will validate two chosen products for as-
sessment of reference ET to be used to fill in 
null values in existing ET products (Phase 3).

• We will produce statewide precipitation and 
evapotranspiration products for New Mexico 
with a quality assessment and a plan for how 
to improve these products at the proper spatial 
and temporal scales (Phase 4).

Methodology

Phase 1 
Obtain and compile all data and base literature for 
each product model. Display all data across each 
year available for the entire state. Produce tabular 
itemizations for basic statistical analysis for the 

entire state, for each year, for each model. Produce 
comparison graphs, histograms, and spatial 
displays for each model.

Phase 2 
Obtain and compile all data and base literature 
for each validation model or dataset. Produce 
correlation scatter plots that compare each 
validation product with each precipitation and 
evapotranspiration product. Establish one or two 
precipitation and evapotranspiration products to 
focus on as key products and require less model 
manipulation for further verification.

Phase 3 
Validate two existing methods for assessment of 
the reference ET for the New Mexico environment. 
One is a remote sensing method, the other consists 
of calculating the reference ET from NLDAS 
(North American Land Data Assimilation Systems) 
data following the standard method of the 
American Society of Civil Engineers. The reference 
ET is needed for calculation of the reference ETr 
fraction (ETrF) that is needed to fill the missing 
data in the existing ET products. The ETrF is a 
steady variable that allows reliable interpolation of 
ET values where missing data occur.

Phase 4 
Compile all precipitation and evapotranspiration 
data into a geodatabase and set of map documents 
at a spatial and temporal scale that will allow 
them to be combined with other water balance 
component data. Provide all pertinent metadata.
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Results to Date

We have completed phase 2 (verification and 
validation) for the precipitation component and 
have concluded that PRISM is the most accurate 
model for our state (Figure 1). We still have to 
compile all of the results and organize them 
for display. We are in the process of ordering 
daily and monthly PRISM datasets for the years 
spanning 1984 to 2014.

We are in the process of verifying six NM 
Ameriflux Eddy Covariance ET flux towers for 
use in verification and validation of the ET models 
for the state (Figure 2). We are in contact with the 
PI (Marcy Litvak) of the project that collected the 
data to make sure that we are getting accurate 
results from compilation. These towers also have 
precipitation values for their immediate area that 
we will use as another validation element for the 
precipitation models.

We have had requests for our model datasets 
so that they can be used to calculate statewide 
recharge. The request has started with PRISM and 
SSEB data because they have performed well and 
don’t have null values. Unfortunately, we don’t 
have monthly or daily data for these datasets yet. 
We have attempted to retrieve at least monthly 
SSEB datasets from the USGS website, but they 
are in NetCDF format and we have had issues 
extracting the data from the file.

Investigators

Jan M.H. Hendrickx, New Mexico Tech and 
Thomas Schmugge, New Mexico State University. 
Other Researchers: Dan Cadol, New Mexico Tech 
and Ken Peterson, NM Water Resources Research 
Institute.

Figure 1. Model Values vs. Jornada Rain Gauge Measurements.
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Description of Project

Quantification of groundwater recharge by 
precipitation is the most important gap 

in current understanding of the New Mexico 
water budget. Other important components of 
the water budget (e.g., precipitation, surface 
water flows) have been systematically studied 
for over 100 years, yet no such systematic effort 
has been attempted for recharge. The objectives 
of this project are to compile previous estimates 
of recharge and to construct a map based on 
Geographic Information System (GIS) layers that 
identifies areas where recharge is likely to occur 
(Figure 1). The recharge area map will integrate 
existing GIS layers, including monthly and annual 
precipitation, potential ET, geology, major streams 
and drainages, and vegetation. This recharge area 
map will be a valuable resource in and of itself and 
is a necessary step towards calculating accurate 
recharge rates throughout the entire state.

Methodology

Phase I 
Obtain and compile all existing recharge estimates 
and data (Figure 2). Display data in a format that 
includes the study citation, location (individual 
basins, counties, and water planning regions), 
recharge estimate, methodology, and other 
important information. Construct an interactive 
GIS-based map that shows locations of recharge 
estimate research and water resource planning 
studies.

Fred Phillips is a professor of hydrology and director of the Hydrology Program at New 
Mexico Tech. He joined the university in 1981 after completing a PhD in hydrology 
from the University of Arizona. Fred also has an MS in hydrology from UA as well as a 
BA in history from the University of Santa Cruz. His scientific interest lies within the 
area where hydrology, geochemistry, and geology overlap. Fred has focused on the 
effects of climate change on the hydrologic cycle and the influence of the hydrologic 
properties of geologic materials on the transport of solutes in groundwater and soil 
water. His favorite tools for these investigations are stable and radioactive isotope 
techniques. Fred was elected into the American Geophysical Union in 2008 and in 
2007, he was elected as a Fellow of the American Association for the Advancement 
of Science.

Recharge Data Compilation and Recharge Area 
Identification for the State of New Mexico

Fred Phillips, NM Tech

Phase II 
We will construct a New Mexico recharge area 
map within a GIS framework by combining several 
individual layers containing spatial data that can 
help to determine where groundwater recharge 
likely takes place. These spatial data sets include a 
digital elevation model (DEM), precipitation rates, 
potential ET rates, regional geology, vegetation 
cover, and stream locations. These layers will 
be evaluated and integrated to quantitatively 
rate different areas in terms of propensity for 
groundwater recharge. The difference between 
precipitation data and potential ET values will 
be used to evaluate the potential magnitude of 
recharge. Vegetation and geologic data will be 
categorized in a way that highlights areas where 
there is greater potential for recharge. Major rivers 
and streams in the state also likely contribute 
to groundwater recharge. The final report will 
describe quantitative methods and algorithms used 
to integrate these different data sets.

Results to Date

We have completed Phase I. Results of Phase 
I are tabulated data from many academic and 
government studies of groundwater recharge 
from around the state. The region of the most 
thoroughly collected and analyzed data has shown 
to be the populous central region of New Mexico. 
A working GIS-based map has been developed, 
showing compiled data associated with points 
based at the center of each of New Mexico’s 16 
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Figure 1. New Mexico recharge map.

Water Resource Planning regions and points for 
each specific study site at the basin scale. Early 
analysis of GIS data including precipitation models 
from PRISM and potential evapotranspiration 
data from MODIS (MOD16) is being completed. 
An initial map of likely recharge based on these 
parameters at a large temporal scale has been 
created. Data pertaining to geology, vegetation, 
soils, and surface hydrology has been acquired and 
is being prepared for processing.

Investigators

Talon Newton, New Mexico Bureau of Geology 
and Mineral Resources and Fred Phillips, 
Department of Earth and Environmental Science, 
New Mexico Tech. Other Researchers: Geoffrey 
Rawlings, New Mexico Bureau of Geology and 
Mineral Resources, New Mexico Tech.
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How Agencies in New Mexico Will Contribute  
to the Statewide Water Assessment

Moderated by Bruce Thomson, University of New Mexico

Bruce Thomson will be retiring from the University of New Mexico where he is a 
Regent’s Professor in the Department of Civil Engineering at the University of New 
Mexico and is Director of the UNM Water Resources Program. He has a BS degree 
in civil engineering from the University of California at Davis, and MS and PhD 
degrees in environmental science and engineering from Rice University, Houston, 
TX. Bruce teaches in the areas of water chemistry and treatment, ground water 
hydrology and remediation, and water resources management. Recent research 
has included projects on water resources of New Mexico, the impact of energy and 
mineral development on water resources, and water reuse and treatment. He has 
served on many federal, state and local committees involved with management and 
protection of water resources. Bruce was recently elected to the Board of Directors 
of the Albuquerque Metropolitan Arroyo Flood Control Authority (AMAFCA). He is a 
licensed Professional Engineer in the State of New Mexico and received the 2013 New 
Mexico Public Sector Engineer of the Year award.

Mike Johnson has been Chief of the Hydrology Bureau at the New Mexico Office of 
the State Engineer since 2006, where he serves as a lead technical adviser to the 
State Engineer and heads a professional team of nine hydrologists. Prior to becoming 
chief, Mike worked seven years as a hydrologist in the bureau, conducting hydrologic 
data collection, analyses and modeling in support of water rights administration 
and management in New Mexico. Before joining OSE in 1999 Mike worked as a 
hydrogeologist with the Navajo Nation Water Resources Department and in consulting. 
Mike has B.S. and M.S. degrees in geology and is a registered Professional Geologist 
with 22 years of experience as a hydrogeologist in the southwestern U.S.

Office of the State Engineer 
Michael Johnson, Office of the State Engineer

More and more we are also dealing with the 
Endangered Species Act (ESA), which is 

one of State Engineer Scott Verhines’ priorities. 
Managing environmental mandates basically 
means dealing with the ESA. They are also 
charged under the statutes with development of 
the state’s water resources and water planning. 

Editor’s Note: The following transcript does not include the beginning of 
Michael Johnson’s presentation, which was missing from the recording.

We have heard a lot about that already, but I am 
going to talk more about that, because I think 
that is the strongest nexus between the Statewide 
Water Assessment and what our agency does. 
The Interstate Stream Commission (ISC) is also 
involved with resources monitoring on the surface 
water side.

Editor’s Note: The following papers represent a transcription of the speakers’ remarks 
made at the conference; no follow-up papers were submitted by the speakers. Remarks 
were edited for publication by the editor. The speakers did not review this version of 
their presentation, and the editor is responsible for any transcription and editing errors.
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Figure 2. Groundwater Rights Administration.

I’m going to focus on 
groundwater permits and water 
rights administration (Figure 1), 
because that is what I know the 
most about, and it is the bulk of 
what we do. There is a potential 
link there with the Statewide 
Water Assessment. Some of the 
talks we just heard relate to 
things such as recharge. When 
we administer water rights, as 
Scott Verhines mentioned, it is 
technical and data driven. We 
use numerical models for a lot 
of that work. We rely upon data 
and information to develop the 
models and to update and run 
them. This is an area where 
we could see benefits from 
projects being conducted by 
KC Carroll and Fred Phillips 
concerning groundwater and 
recharge. Later, we will also 
hear from Stacy Timmons 
with the Bureau of Geology on 
another groundwater project. 
These projects, I believe, could 
help us with groundwater rights 
administration (Figure 2).

On the OSE side of things I’ll 
go back to KC Carroll’s talk. 
He showed a lot of data points. 
Those data points don’t come 
free. Someone pays for them. 
In fact, we all pay for them as 
citizens of the State of New 
Mexico. The state invests a 
lot of money into monitoring 
groundwater levels. Figure 3 
gives you an idea of the data 
points for which we have 
groundwater levels for the 
period mentioned (Figure 3). 
The OSE and the USGS work 
on about 400-500 wells a year 
via a cooperative agreement. 
The USGS does the actual 
measurements for most of those wells, with 
contractors and OSE personnel doing the rest. All 
of the data then goes to the USGS, and is housed in 
their database where it is accessible to the public. 
It is a cooperative effort on the measurement and 
funding side of things. The State funds this work, 

Figure 1. General roles and responsibilities of OSE/ISC.

and the State is increasingly funding a higher share 
of this work because of decreases in funding from 
the federal side. We are having to invest more and 
more just to maintain the measurement networks 
we already have at a time that we are hearing that 
data are becoming more and more important.  
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The map on the right in Figure 3,   
I believe, is a USGS map, and 
may be the one being used in the 
Statewide Water Assessment; it 
shows some of the stream gauges 
being used. About 50 of the 
150 stream gauges depicted are 
funded through the ISC, another 
cooperative program with the 
USGS. 

Finally, I’m going to focus on 
planning because, as I said, I 
think that is the clearest nexus 
right now between what we do 
and what the Statewide Water 
Assessment is attempting to do 
(Figure 4). I’ve simply pulled out 
some statutory language here 
that is in the state water planning 
statute under the ISC’s charge. 
It includes items on quantifying 
water budgets, which includes 
quantity and quality of the 
state’s water resources. It is all 
quantification, and that is what 
the Statewide Water Assessment 
will focus on. 

The limitations of the current 
round of water planning has 
been mentioned. Planning is 
an iterative process, as my 
friend Angela Bordegary, our 
State Water Planner, would 
say. The current round is not 
the final round of planning. 
We understand and realize the 
limits of what we are calling 
the administrative supply as 
something to plan on. But, we 
do think it is the most important 
piece to start with, and we will 
get to the physical supply and 
other potential sources of water 
that exist in the state in future 
rounds of planning. So again, I 
think that is an area where the 
Statewide Water Assessment 
could help by filling in gaps of 
current efforts. 

Figure 3. Monitoring Groundwater levels 2006-2014 and Stream Gauges.

Figure 4. Water planning - Statutory mandates to OSE/ISC in state water planning 
(NMSA 72-14-3.1).
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In closing, I want to describe what we are doing as 
an agency with the Statewide Water Assessment 
(Figure 5). I am participating on Sam Fernald’s 
steering committee, which funded some of the 
projects that produced the early results you are 
hearing about today. I’m also very generously and 
graciously named on a couple of projects that I am 
collaborating on. I also identified a need on the 
planning side for a produced water component 
of the Statewide Water Assessment. Through the 
steering committee, I was able to bring in NM Tech 
and their Petroleum Recovery Research Center 
into contact with Sam and their group to get 
funding. Martha Cather is going to talk about that 
tomorrow, where they are going to reinvigorate 
and bring back to life an important database that 
has been dormant for about ten years. That is what 
is going on now.  

Figure 5. OSE participation in the Statewide Assessment.

In terms of future work, I think it is important 
to have a square peg like me among the round 
holes of the steering committee because it is 
me among a bunch of researchers. I am not a 
researcher. I am where the research rubber meets 
the road in terms of actually administering water 
resources. I think that it is important to have that 
perspective among the group, so I thank Sam for 
asking us to participate. As I mentioned, I think 
the assessment will also help us fill in gaps in our 
current knowledge and planning base with things 
like brackish water resources. Finally, I would like 
to see if we could find more ways to link the seven 
OSE priorities that Scott Verhines mentioned with 
further research conducted under the Statewide 
Water Assessment.  
 
Thank you. 
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Dagmar Llewellyn is a hydrologist, with an educational background in geosciences 
and civil engineering, and post-graduate studies in climate dynamics, paleo-
climatology, river restoration, GIS, and water law and management. Since 2000, 
her work has focused on water-management and endangered-species issues in the 
Upper Rio Grande Basin. Her work has involved water supply and demand evaluation, 
groundwater/surface-water interaction, irrigation efficiency, habitat and hydrologic 
requirements of endangered species, accounting under the Rio Grande Compact, and 
Reclamation project operations. After 25 years in environmental and water-resource 
consulting, her interest in working for the federal government was sparked by the 
passage of the SECURE Water Act, which was assigned to the Bureau of Reclamation 
a west-wide evaluation of the potential hydrologic implications of climate change. 
Since 2010, she has worked Reclamation on programs authorized under the SECURE 
Water Act, as well as on Rio Grande water management and endangered species/
environmental compliance issues.

Reclamation Programs that Support Assessment 
of the New Mexico Water Budget
Dagmar Llewellyn, Bureau of Reclamation

Hello, thanks on behalf of Reclamation for 
being able to come here and speak about 

some of the programs that we have going on. I am 
speaking in Mike Hamman’s stead. He was unable 
to be here today. Reclamation has a strongly vested 
interest in understanding the water budget in the 
state of New Mexico. We have projects throughout 
the state on the Rio Grande, the Pecos, and the San 
Juan Chama Project where we import water into 
the Rio Grande. We are also in a leadership role in 
terms of environmental compliance, endangered 
species compliance, and more so with our future 
water budget instead of just the current one. We 
work on programs that involve both, and we work 
both on our own and in partnership with all of you 
in local water management entities. We do this for 
the needs of Reclamation as well as our partners 
and community in general. 

Some of the things that we have going on at the 
moment include strong participation in Sam 
Fernald’s Innovation Working Group. They got 
this water budget process going. We had four 
participants from Reclamation sharing some of 
the work that we have been doing. I also work 
with Bruce Thomson on the Middle Rio Grande 
Water Budget which he’ll talk about later and 
he has had support from Reclamation on that. 
Also, I’m not sure if anyone is here from MRCOG 
(Mid-Region Council of Governments) but 
we have been working with them, some other 
colleagues that I see here, and with the Department 
of Transportation Volpe’s Center on trying to 

get a handle on variability and extreme events 
changes. Finally we are working with the Corps 
of Engineers in trying to develop daily time step 
projections of the future that can help us with 
our water planning using URGWOM (Upper Rio 
Grande Water Operations Model).

Most of the work that we are doing at Reclamation 
that involves evaluating the water budget 
both now and in the future comes under our 
WaterSMART Program. 

WaterSMART (Figure 1) was initiated by a 
secretarial order and is related to implementation 
of the Secure Water Act, but also incorporates 
programs from prior to the passage of the Secure 

Figure 1. WaterSMART Program: history and purpose.
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Figure 2. WaterSMART program inclusions.

Figure 3. Basin Study Program.

Water Act in 2009. The idea is to integrate 
water and energy policies and to promote the 
sustainable use of natural resources throughout 
the western United States and to coordinate 
conservation efforts both with other agencies 
within Interior and local water management 
entities. The WaterSMART Program includes 
WaterSMART grants which some of you have 
maybe used for some of this water budget work 
(Figure 2). We have the Cooperative Watershed 
Management Program where we work with local 
watershed and environmental planning agencies. 
We have the Basin Study Program which I will 
talk much more about. We have the Title XVI 
Water Reclamation and Reuse Program, and I 
know that a lot of money has come out of that 
program and into New Mexico. We have our 
Water Conservation Field Services Program, 
and also our Shared Investment Water Innovation 
Program which colleagues at UNM have taken 
advantage of. 

The component of this WaterSMART program that 
involves water budget assessments and has actual 
quantitative evaluations comes under the Basin 
Study Program (Figure 3). I am going to start by 

talking a bit about the West-Wide Climate Risk 
Assessment, which is a team from all of the regions 
of Reclamation and we do some of the basic 
scientific, quantitative, and modeling work that 
supports planning across the western  
United States. 
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Figure 4. S&T product (2007-present): Downscaled Climate Projections.

Figure 5. Pending release of new demands report.

I think one of the contributions to research 
that many of you are doing is available 
on what we call our Stream Flow Website. 
There we have taken a large number of 
the general circulation models and have 
downscaled and bias corrected them and 
then run them through hydrologic models 
as Dave Gutzler will talk about later. It is 
described a little bit more here in Figure 4. 

This is to get a basic handle on the 
changes of water supply, primarily 
headwater supplies, throughout the West. 
Reclamation with other partner entities 
as well as on its own work to try to figure 
out what those changes are on the ground 
as we operate our system. I know that 
many of you have heard me talk about 
the Upper Rio Grande Risk Assessment 
that I partnered on with Jesse Roach 
who spoke this morning and Ariane 
Pinson with the Corps of Engineers. That 
work is a foundational piece trying to 
figure out what our future projections 
of water supply might look like so that 
we can begin our planning process. This 
West-Wide Climate Risk Assessment 
addresses a number of components of 
the water budget that we have been 
talking about this morning. This pertains 
to not only that water budget, but the 
one in the future as well. That includes 
changes in snowpack, changes in the 
timing and quality of our runoff, changes 
in groundwater recharge and discharge 
as we heard about earlier this morning, 
as well as demand. These all affect both 
Reclamation’s facility operations and 
those of our partners. 

Something that is coming out soon that 
you haven’t seen yet is our demands 
assessment where we have done some 
modeling throughout the western 
United States and Reclamation’s major 
basins to try to assess future demands based on 
changes in temperature, ET, and to a lesser degree 
precipitation patterns but that is included as well 
(Figure 5). 
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The idea of doing all of this work is to provide a 
foundation for a basin study. Today I’m hoping 
to talk about not just what Reclamation is doing, 
but how we can all partner together. This is 
one opportunity. The Basin Study Program is 
a partnership with local entities in which the 
cost of the study is split where Reclamation 
pays half and the other combined entities pay 
for the other half. This is an opportunity to start 
taking these projections, refining them, and then 
figuring out how that is going to change our water 
management in the future. There is a small version, 
you could call it a pilot version of this basin study 
approach in the upper Rio Grande. It is coming out 
shortly for the Santa Fe Basin. It includes not only 
the Santa Fe Watershed, but other components 
of supply that feed both the city and the county. 
That includes the upper Rio Grande water, water 
from the San Juan-Chama Project, and then water 
from their groundwater. I don’t have a slide of it, 
but I am also working with the Interstate Stream 
Commission on a project with the Pecos River 
which should be coming out sometime in the 
middle of next year where we are doing some 
of the same projection work and trying to create 
adaptation strategies for the projected changes. 

As the Secure Water Act is written, the Basin 
Study Program includes a step beyond the basin 
study where we can work with the local partners 
that we’ve partnered with in the study to do 
some feasibility and design studies for some of 
the selected adaptation strategies. It is a fairly 
comprehensive program and is also supported 
by Landscape Conservation Cooperatives. Those 
do some applied science to help figure out what 
the water budget needs for certain ecosystems, or 
what the needs are of specific social and ecological 
systems. 

One final note is for letters of interest for the 2015 
Rio Grande Basin Study. The announcement will 
come from the Bureau of Reclamation in the next 
month and consider this a letter of invitation to 
partner with Reclamation. If we can get a study 
like this going here, we can use it to characterize 
both our current and future water budget and also 
to start to work together to plan our combined 
water future. 
 
Thank you very much. 
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Ryan Gronewold, P.E. is a Hydraulic Engineer with the U.S. Army Corps of Engineers, 
Albuquerque District, Reservoir Control Branch. He began working with the Corps 
upon his graduation from the University of New Mexico with a BS in Civil Engineering. 
As the Rio Grande Basin Coordinator, Ryan’s primary duty is to oversee the water 
management and flood control operations of the Corps dams within the Rio Grande 
Basin. Ryan is also involved in other areas where water management is a concern. 
Prior to his current position, Ryan was a hydraulic engineer with the Corps in the 
Hydrology and Hydraulics Section where he worked on flood risk management, 
ecosystem restoration, and watershed studies.

Army Corps of Engineers

Ryan Gronewold, U.S Army Corps of Engineers

Today I’d like to talk about the Corps’ role 
in water resources and then talk a bit more 

about how the Corps can support the Statewide 
Water Assessment. Some of the major authorities 
that the Corps of Engineers has in its Civil 
Works Mission-Water Resource Development 
includes: Flood Risk Management (dams, levees, 
floodplain management, emergency operations); 
Environmental Stewardship (1990 Water Resources 
Development Act); Recreation; Navigation; and 
Infrastructure (2012 Infrastructure Strategy). 
Flood risk management is primarily what people 
probably think of when they think of the Army 
Corps of Engineers. That is building dams, levees, 
and flood plain management. Environmental 
stewardship has kind of taken over though. We are 
doing a lot of work with environmental restoration 
projects, which stems from the Water Resources 
Development Act of 1990. Recreation is also an 
authorized purpose for many of our projects, and a 
small part of almost all of our projects. Navigation 
doesn’t really apply to New Mexico much, but 
there has been much more emphasize placed 
upon infrastructure lately. We aren’t building 
dams or major water projects anymore. Many of 
the projects that we built are fifty years old now, 
and the planning projects that were done for those 
water projects are even older. We are now looking 
at much of our existing infrastructure and projects 
and determining how they could be repurposed or 
operated in a different way to meet current needs.

I attended the Innovative Water Summit about a 
month ago and presented Figure 1. I was surprised 
that I saw many peoples’ eyes start to glaze over 

or turn to their cell phone when I started talking 
about the Corps’ planning process. I thought that 
it would really get people all juiced up. I was 
wrong. I’ll quickly go over what the Corps is doing 
to transform the civil works process. We have a 
very robust planning process, so much so that I 
think the phrase “paralysis by analysis” sometimes 
applies. We can plan the heck out of things. We 
recognize stakeholders’ frustration with that and 
so our goal is to do our planning studies faster, 
cheaper, and better. The 3x3x3 process is supposed 
to take less than three years, cost less than $3 
million, and have a three-tier integrated planning 
process to better meet the needs of stakeholders 
and sponsors.

Figure 1. Transforming Civil Works Process.

► Modernize Project Planning
• Produce Concise Chief of Engineer’s Reports Faster and Lower Cost
• 3x3x3

► Enhance and Refine the Budget Development Process
• Systems Oriented Watershed Approach
• Collaboration with Stakeholders
• Innovative Financing

► Evaluate Water Resources Projects through a Smart Infrastructure 
Strategy

• Evaluate assets in their Value to the Nation and their current performance in 
meeting project purposes

• Seek alternative and innovative funding to meet the nations high value 
infrastructure needs

► Improve Methods of Delivery to Produce Critical Products and 
Services on Schedule

► Engage other Governmental and Non-Governmental Partners in 
working toward National, Regional, and Local Priorities
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Today I am still learning about the Statewide 
Water Assessment. Figure 2 provides some ideas 
of how the Corps can support the Statewide Water 
Assessment. The first thing that came to mind was 
the Upper Rio Grande Water Operations Model, or 
URGWOM. This model is primarily a surface water 
accounting model that the Corps of Engineers, 
Reclamation, and the State of New Mexico use on 
a daily basis throughout the Rio Grande Basin. It 
is also a planning model that we use each year for 
snowmelt runoff in combination with San Juan-
Chama River Project water that will be managed 
throughout the year. We budget over a $1 million 
to maintain and refine this model and I think there 
is a real opportunity to leverage that federal effort 
with the Statewide Water Assessment.

►Upper Rio Grande Water Operations Model 
(URGWOM)

►Watershed Assessment Studies (Section 729)
►Rio Grande Environmental Management 

Program
►Evaluation of Effects of Burn Scars on 

Flooding
►Middle Rio Grande Sediment Transport Model

Figure 2. Corps role in the Statewide Water Assessment.

Another way that immediately jumped out at me 
concerned our Watershed Assessment Studies, 
with our Section 729 authority. This is broad study 
authority where the Corps looks at a watershed 
from a water supply standpoint as well as flood 
and water quality issues. Two of these studies are 
going on right now, one in the Lower Rio Grande 
from around San Marcial to Fort Quitman, and 
another on the Pecos River. Those studies are 
focused mostly on salinity issues, but I think they 
provide another opportunity to leverage a water 
assessment study with the goals of the Statewide 
Water Assessment. Another authority that we have 
is the Rio Grande Environmental Management 

Program. This program is meant to implement 
projects within the Rio Grande basin and to 
monitor those with a basin-wide perspective, and 
again another possibility for collaboration with the 
Statewide Water Assessment.

Although it doesn’t relate directly to the Statewide 
Water Assessment, over the last few years we 
have started to come to terms with the effects of 
wildfire on flooding effects. In 2007 there was the 
Las Conchas fire in the Jemez Mountains. At the 
time, it was the largest fire in the state’s history, 
but that record was broken later that year by the 
Whitewater-Baldy fire in the Gila Mountains. 
We are just now coming to terms with the effects 
from those fires. The flooding effects are very 
substantial. We are finding that a two-year rainfall 
event is producing flooding events that previously 
would have been realized from a 50- to 100-year 
magnitude event. The altered hydrology in these 
burn scars is tremendous. Not only flooding, but 
also debris flow issues happen, and the sediment 
loading downstream of these burn scars has a large 
effect on water resources projects and the water 
balance as well.

Another area for collaboration concerns our 
Middle Rio Grande Sediment Study. Sediment 
transport and geomorphology is critical to water 
resource management in the Rio Grande and other 
areas as well. What we are trying to do with this 
project is to determine the drivers of sediment 
movement in the sediment budget. We are looking 
into both anthropogenic factors such as dams, 
diversions, and levees as well as hydrologic 
changes such as snowmelt changes, runoff 
changes, and monsoonal changes and how they are 
impacting the overall sediment budget.

These are just areas that I had initially thought 
of although I am sure that there are more 
opportunities that the Corps would have to help 
support the Statewide Water Assessment. I invite 
other ideas that you all might have. 

Thank you.
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James Hogan has over 15 years of experience from both the academic and public 
sectors working on a variety of hydrology and water quality issues. Since May 2012 
James has served as the Bureau Chief of the Surface Water Quality Bureau at the New 
Mexico Environment Department. In this position he is responsible for coordination 
and oversight of all bureau responsibilities including water quality protection and 
regulation, watershed restoration and water quality standards development. The 
bureau has roughly 50 staff members and nearly $6 million annual operating budget. 
Prior to this he served as the program manager of the Monitoring and Assessment 
Section of the Surface Water Quality Bureau since February 2009. Responsibilities 
of his section included collecting water quality data statewide, assessing this data 
to develop the biennial 303d list of impaired waterbodies, and developing TMDL 
documents. Before joining the Environment Department, James was the Assistant 
Director of SAHRA, an NSF Science and Technology Center focused on Sustainability of 
semi-Arid Hydrology and Riparian Areas (SAHRA), and an Adjunct Assistant Professor 
in the Department of Hydrology and Water Resources at the University of Arizona. 
He has over 25 peer-reviewed publications covering many areas of environmental geochemistry and hydrology. He has  
a Ph.D. in Earth Sciences from Dartmouth College and a B.S. in Geochemistry from Bates College.

New Mexico Environment Department
James Hogan, New Mexico Environment Department

I want to thank Sam Fernald and the planning 
committee for inviting me to talk today. 

I’d like to turn the page a bit and focus upon 
water quality issues. It is something that has 
been mentioned by several people, but it is 
going to be the exclusive focus of my talk here 
and the data that we collect in the Surface 
Water Quality Bureau that I am the bureau 
chief of within the New Mexico Environment 
Department. The focus of the program that I 
manage is implementing both the New Mexico 
Water Quality Act as well as the Clean Water 
Act in New Mexico. There is a fair amount of 
text in Figure 1, but what I want to make clear 
is that in these laws, the state has requirements 
to adopt water quality standards that protect 
the public health and welfare, enhance the 
quality of water, and are consistent with and 
serve the purposes of the New Mexico Water 
Quality Act and the federal Clean Water Act 
(Figure 1). Really, the goal of this is to restore and 
maintain the chemical, physical, and biological 
integrity of the waters of the state and the nation 
under the Clean Water Act. The goal, specifically 
within the Clean Water Act is that water quality 
that provides for the protection and propagation 
of fish, shellfish, and wildlife that provides for 
recreation in and on the water.

One of the things that my bureau is involved 
with is proposing standards to the Water Quality 
Control Commission that will protect these 

uses. These are specific numbers that we try to 
maintain in our waters so that they can be used for 
irrigation, aquatic life use, and for swimming and 
recreation. But, the other important piece of this is 
that we go out and collect data to evaluate whether 
we are meeting those standards or not. So, one of 
the main focuses of the program is collecting data 
and then we evaluate them against those standards 
to see if we are meeting them. That is the goal that 
we are trying to address and why we are focused 
on going out and collecting data. With water 
quality data, Mike Johnson provided a snapshot 

 The state of New Mexico is required under the New Mexico Water Quality Act 
(Subsection C of Section 74-6-4 NMSA 1978) and the federal Clean Water Act, 
as amended (33 U.S.C. Section 1251 et seq.) to adopt water quality standards 
that protect the public health or welfare, enhance the quality of water and 
are consistent with and serve the purposes of the New Mexico Water Quality 
Act and the federal Clean Water Act. 

 It is the objective of the federal Clean Water Act to restore and maintain the 
chemical, physical and biological integrity of the nation’s waters, including 
those in New Mexico. 

 Meets with Section 101(a)(2) of the federal Clean Water Act, which declares 
that it is the national goal that wherever attainable, an interim goal of water 
quality that provides for the protection and propagation of fish, shellfish and 
wildlife and provides for recreation in and on the water be achieved by July 
1, 1983. 

Clean Water Act / 
NM Water Quality Act

Figure 1. Clean Water Act / NM Water Quality Act.
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in terms of the groundwater level and surface 
water gage data. Unfortunately, our records are 
not nearly as systematic as they are for quantity. 
To my knowledge, the New Mexico Environment 
Department’s data set, at least on the surface 
water side, is the only real comprehensive data set 
statewide. The USGS collects a fair amount of data, 
but a lot of that is project specific, and there are 
many other project specific data. So, we are one of 
the few places that is collecting water quality data 
systematically across the state.

What do we monitor? Well, what we monitor 
is based upon evaluating those standards to 
determine if those water quality standards and 
uses are being met and whether those water 
bodies are impaired. We will often go back if a 
water body is impaired and see how that quality is 
changing over time. Sometimes we will also collect 
data to decide whether those standards need to 
be revised. But, the type of data are split into 
these three groups and goes back to the national 
goal of protecting the physical, biological, and 
chemical integrity (Figure 2). We collect a lot of 
physical data on the water which includes things 
such as sediment, temperature, flow, although 
our measurements are often more crude than 
what would be useful for Mike’s work, dissolved 
oxygen, turbidity, conductance, and these sorts of 
things. On the biological side we collect data on 
three main groups of biological organisms. There 
are the benthic macroinvertebrates which are the 
insects that live within the stream. We also collect 
fish community data 
and data on periphyton 
which are the algae and 
other stuff that grows on 
the surface of the rocks. 
Then there is the chemical 
data which is what most 
people think of when 
they think about water 
quality data. These are 
things like total dissolved 
solids, nutrients, metals, 
organics, radionuclides, 
PCB’s, PH, and all of these 
sorts of things.

How do we go about 
collecting those data? 
Well, New Mexico is a big 
state, and we don’t have 
a lot of water relatively, 

but you would be surprised how much you can 
find out there. We have a relatively small program 
for this, so we are able to go around the state on 
an eight year rotation. We sample between one 
and three basins a year. This past year you can 
see the Middle Rio Grande Basin and that was the 
basin that we were working in (Figure 3). In the 
course of the year we will collect data at between 
a hundred-and-fifty stations within those three 
basins and over the course of the program we have 
collected data at roughly 1500 monitoring locations 
around the state. Those are the green dots that you 
can see on the map. So, we have a lot of data and 
information that is collected at small snapshots in 

What Do We Monitor?
Determined by Water Quality Standards, Existing 

Uses, Known Impairments, Standards Revision

Physical Biological Chemical
• Sediment
• Temperature
• Flow
• Dissolved O2

• Turbidity
• Conductance

• Benthic 
Macroinvertebrates

• Fish
• Periphyton

• TSS/TDS/Ions
• Nutrients
• Metals
• Organics
• Radionuclides
• E. coli
• PCB
• pH

Figure 2. Three groups monitored for quality standards 
and water impairments are physical, biological, and 
chemical integrity.

Figure 3. SWQB monitoring program.
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time across the state. When we work in one 
of those basins, and this is now looking just 
at the Middle Rio Grande and our survey for 
this past year, we focus in on assessment units 
which is what we are evaluating when we 
look at whether the water quality is meeting 
those water quality standards. These are 
reaches of a stream, lake, or reservoirs with 
relatively similar water quality characteristics. 
We often try to position our monitoring 
stations at the lowest point downstream, 
but we also try to focus our water quality 
sampling locations where there are known 
impairments or where there are surface water 
discharges such as those permitted under the 
NPDS program such as wastewater treatment 
plants or storm water discharges (Figure 4). 
We also try to take samples at historic sites so 
we can look at trends and perform analysis  
over time. It doesn’t show up particularly 
well here, but you can see those reaches and 
sampling locations on the map here.

We also have a database that stores all of those 
data. It is called SQUID which is the Surface Water 
Quality Information Database (Figure 5). It is the 
repository for all of the data that we collect as well 
as all of our assessment results. This includes the 
conclusions of within those assessments whether 
those water quality standards are being met or not. 
This gives us a lot of functionality and allows us 
to do quality assessment analysis and reports, to 
generate reports on several metrics and measures, 
and then to seamlessly upload this to the EPA’s 
national database which is WQX. Right now, in 
terms of accessibility of this data, you can go onto 
our website and go through a GIS mapper that we 
have on the surface water quality website that will 
allow you to look at the stations where we have 
collected data and also to select reaches and see 
the assessment conclusions. So, you can see within 
a specific reach of the Rio Grande what water 
quality standards are not being met currently. You 
can’t actually get the data underlying this, but 
you can request it from us and we provide this for 
many people on an almost weekly basis on some 
level of information. We are working with our IT 
department to make sure those data are accessible 
to the public through our website and we hope that 
will be the case relatively soon. 

Figure 4. Monitoring stations.

Figure 5. Surface Water Quality Database.

Finally, I just want to end with the fact that yes, 
we are doing a pretty good job of getting around 
the state, but there is always a need for more 
data. We are happy to work with other agencies 
and partners which includes during our specific 
survey years. For example, this year we have been 
working with many of the folks in the Middle 
Rio Grande Valley such as some of the pueblos 
and other agency folks and watershed groups 
down there. But, we are also willing to work 
with people between those surveys where they 
might have an interest and want to collect data 
for better information and to understand data 
that we collected and to follow up on impairment 
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or use conclusions and efforts to address and 
restore those watersheds. From our perspective, 
I can say that the most useful data is a lot of the 
really more basic data such as long-term datasets 
on dissolved oxygen, turbidity, temperature, pH, 
and things that we often, see impairments from 
such as E. Coli, nutrients, PCB’s, and some metals 

although we don’t see many impairments from 
metals. These are some things to keep in mind. 
I also want to put a plug in for our monitoring 
team supervisor Scott Murray who has a poster 
providing some more information on our data and 
data resources. With that I will say thank you. 
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2014 Albert E. Utton Memorial Lecture

John W. Hawley, Emeritus Senior Environmental Geologist

A native of southern Indiana’s Ohio River Valley, John W. Hawley graduated cum laude 
from Hanover College in 1954 with a B.A. degree in geology. After employment by the 
U.S. Geological Survey (USGS)-Ground Water Branch and overseas U.S. Army service 
(1954-1957), John attended graduate school at the University of Illinois, receiving a 
Ph.D. degree in Geology in 1962. Besides hydrogeology, academic specialties included 
geomorphology and Quaternary geology, stratigraphy and sedimentology, engineering 
geology, clay mineralogy, and soil science. Doctoral research was on the Quaternary 
and groundwater geology of Nevada’s western Humboldt River basin. Graduate 
studies were supported by the GI Bill, NSF and University Fellowships, and part-
time work with the Illinois Geological Survey, Nevada Department of Conservation & 
Natural Resources, and USGS-Water Resources Division.

Most of John’s subsequent career in research, public service, and consulting has 
dealt with a variety of environmental-geologic problems related to natural-resource 
development in arid and semiarid parts of the American West. From 1962 to 1977, 
he led soil-geomorphology studies at Soil Conservation Service (USDA)-Soil Survey Investigations projects in New Mexico 
(NMSU), West Texas (Texas Tech), and the Western-States Region (Portland Technical Service Center). He then joined the 
Bureau of Mines [Geology] & Mineral Resources (NMBGMR) at N.M. Tech where he developed and coordinated programs in 
Environmental and Engineering Geology for the Office of State Geologist (Socorro and Albuquerque) until “retirement” 
1997. Since then, John has been sole proprietor of HAWLEY GEOMATTERS, a consulting firm that specializes in the 
environmental and groundwater geology of the binational New Mexico region. Projects include pro bono hydrogeologic 
investigations for the U.S. Indian Health Service and several Pueblo Tribes. He also continues to serve NM Tech as a 
NMBGMR Emeritus Senior Environmental Geologist and an Earth & Environmental Sciences faculty adjunct; and he has 
adjunct appointments at the NM Water Resources Research (Senior Hydrogeologist) and NM Museum of Natural History 
& Science.

John has been a Certified Professional Geologist (C.P.G., American Institute of Professional Geologists) since 1971. He 
is a “50-Year” Fellow of the Geological Society of America (GSA) and the American Association for the Advancement 
of Science (AAAS), and past President and Honorary Member of the NM Geological Society. John has authored or co-
authored more than 100 reports and maps on the New Mexico-West Texas-Chihuahua region, not including a large 
number of unpublished documents on expert-witness, consulting, and prior government-service activities. Honors for 
published research and public service include: AAAS Certificate of Merit “for distinguished contributions [to] arid 
zone research (1987),” GSA-Engineering Geology Division-Distinguished Career Award (2005), and Quaternary Geology 
& Geomorphology Division: Kirk Bryan and Distinguished Career Awards (1983 and 2006). John is also co-recipient of 
the 2005 New Mexico Earth Science Achievement Award for “outstanding contributions in areas of applied science and 
education;” and he has received Alumni Achievement Awards from Hanover College (2001) and the University of Illinois 
(Geology-2006). In 2007, the Santo Domingo Tribe honored John for “outstanding contribution to the improvement of 
[their] public water system.” His proudest 80-yr accomplishment, however, involves 52+ years of marriage to Diane Rose 
Bandyk Hawley, three (Las Cruces-native) children, and three grandchildren (3, 5, and 22).

Editor’s Note: This Utton Memorial Water Lecture was edited in 2020 following its original 
presentation in 2014, and contains references to material published since that time. The author 
would like to acknowledge NM WRRI employees Jeanette Torres, Tiana Gibson, Cheyenne 
Poyer, and Mark Sheely for their hard work in assembling this lecture for publication. 
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INTRODUCTION

“Now and in the years ahead, we need 
more than anything else the honest and 

uncompromising common sense of science. Science 
means a method of thought characterized by open-
mindedness, honesty, perseverance and, above 
all, by an unflinching passion for knowledge and 
truth.” —

Figure 1. Aztec Eagle—Albert Edgar Utton (11/1994): UNM 
Geology Major and Rhodes Scholar. Chair of the NM Interstate 
Stream Commission and Director of the Transboundary Resources 
Center, UNM School of Law.

Figure 2. Two undergraduate geologists in 1952-53: one, a future 
Rhodes Scholar and giant in natural resources law; the other, still 
lost somewhere in the Rio Grande rift.

Subsequently, Al kindly allowed me to mingle 
with a select group of Natural Resource Center 
students and faculty (as long as I behaved with due 
respect, and assisted in his search for the “perfect 
Margarita”). The following passage from Michelle 
Minnis’ “Al Utton—The Aztec Eagle” best captures 
the Utton essence (2015, p. xiv): 

Rare leaders like Al Utton remind us of what 
is possible. He acted passionately for the 
commonweal, but no less for the welfare of the 
person immediately in front of him. He took 
the long view—so long a view that present law 
and policy appear short-sighted in comparison. 
Every issue he opened is still pending, 
gradually rising into public consciousness. 
Paths to resolution may be gleaned from the 
foundations he laid for international networks 
of preventive diplomacy—Plan and act now to 
avoid future catastrophe. Al’s life story may be 
read as an invitation to build anew on these 
foundations. 

but lives on far away, without visible symbol, 
woven into the stuff of other men’s lives—
Pericles Funeral Oration (from A Memorial 
Service in Thanksgiving for the Life of Albert 
Edgar Utton, the Cathedral Church of St. John, 
Albuquerque, NM, October 3, 1998)

Background
This hydrogeologic perspective on 
“Groundwater Conservation: Strategies, 
Initiatives, and Impacts on the Rio Grande” 
is offered as a memorial to the late Albert 
Edgar Utton (1931-1948), long-time UNM 
School of Law Professor and NM Interstate 
Stream Commission Chair. UNM geology 
major and 1953 Rhodes Scholar Al Utton 
(Figure 1 and Figure 2), quickly morphed 
into a future giant on natural-resources law 
at Oxford (with lots of TLC from wife Mary). 
We started communicating on shared interests 
in transboundary groundwater resources 
in the early 1980s when I managed the 
Environmental Geology program at NM Tech, 
Bureau of Mines & Mineral Resources (now 
the Bureau of Geology [NMBGMR]. However, 
we had no close personal interaction until NM 
Tech transferred me to Albuquerque in 1991. 

U. S. President Harry S. Truman, Addressing the 1948 
Annual Meeting of the American Association for the 

Advancement of Science 

In Memoriam—Albert Edgar Utton 
(7/6/1931 – 9/29/1998)

They received, each for his own memory, praise 
that will never die, and with it the grandest of all 
sepulchers, not that in which their mortal bones 
are laid, but a home in the minds of men, where 
their glory remains fresh to stir to speech or action 
as the occasion comes by. For the whole earth is 
the sepulcher of famous men; and their story is 
not graven only on stone over their native earth, 
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Prescient observations by Al Utton on the 
management of the precious aquifer systems that 
we share with the states of Texas and Chihuahua 
(Mexico) include:

“…, but as yet there is no ‘comprehensive 
agreement on groundwater’ and transboundary 
aquifers such as the Hueco Bolson and the Mesilla 
Bolson are subject to uncontrolled, unregulated 
withdrawals under which neither country is 
assured of either a secure supply or a fair share. 
Rather we have the law of ‘he who pumps fastest’, 
or the rule of ‘we’ll race you to the bottom of 
the aquifer’ subject only to general principles of 
international law.” —

“Based on hydrogeologic studies conducted in 
the late 1950s, Albuquerque was thought to sit 
on top of a gigantic bowl of clean sand and filled 
with fresh water. One of the earliest sceptics was 
John Hawley, a curmudgeonly geologist who had 
worked for decades in the New Mexico Bureau of 
Geology and Mineral Resources. By the late 1980s 
and early 1990s, Hawley increasingly realized 
that the idealized model of the basin in vogue 
in the 1950s and 1960s did not correspond to the 
sediments he saw actually coming up the hole 
when new wells were drilled. In 1992 he and his 
colleague Steve Haase put out a report that laid the 
hydrogeologic evidence on the table [cf. Hawley 
and Haase 1992]. The “Lake Erie [Superior]” of 
fresh water under the city was a desert mirage, 
revealed now to be a briny sea. The coarse sands 
filled with, fresh, pure water were just a ribbon 
running down the middle of the basin; most of the 
rest had abundant fine sediment mixed in, and the 
water in these sediments was often salty.” —

A. E. Utton, 1983, Some International Aspects of 
Groundwater Development in the Mexico-United States 
Frontier Region; in Natural Resources Center Report to 
The Governor’s Law Study Committee: UNM School of 

Law, p. 26.

Groundwater has been out of sight and out of 
mind. Mexico would like another 60,000 acre-
feet of surface water, and if we do not reach an 
agreement with Mexico, what is to prevent them 
from taking it underground, under the table? 
None of us have any security in this border region. 
Doña Ana County, El Paso, Chihuahua—we have 
a game without rules. We have not been able 
to secure our groundwater relations. We delay 
reaching agreement and settling our groundwater 
arrangements with Mexico at our peril. We must 
move forward on that [,] although politically it is 
almost impossible. 

That is all in the vein of saying that we happen 
to be in one of those special areas which is 
crisscrossed with political boundaries, and 
contains the transboundary situation. So we have 
to work extra hard at trying to seek, share, manage, 
cooperate, and plan together. . . . (cf. Székely 
2010).— 

A. E. Utton, 1996, WRRI 40th Annual Water 
Conference Proceedings, p. ix.

Al Utton was certainly not the only water-resource 
professional to alert public officials (as well as the 
general citizenry) to the approaching crisis facing 
unplanned groundwater development throughout 
arid/semiarid American Southwest. The following 
observations by Fred Phillips and others (2011), 
Steve Finch (1997), the speaker (1997), and Robert 
Glennon (2002) exemplify this point: 

F.M. Phillips, G.E. Hall, and M.E. Black, 2011,  
Reining in the Rio Grande—People, Land, and Water: 

UNM Press, p. 176. 

The 21st Century will force many communities 
to [implement] alternative water-resource 
management strategies; in particular the ones that 
can divert a nearby surface-water resource, such as 
Albuquerque, Las Cruces, Alamogordo, and Santa 
Fe. All of these cities have plans to better manage 
or take advantage of surface-water supplies and 
become less dependent on diminishing ground-
water supplies. It appears that many smaller 
communities that do not have an existing central 
water distribution system or a water right for a 
community water supply will be left high and 
dry. For all of you consultants, bone up on your 
hydrogeology and water-resource management 
strategies, because every entity will be staking their 
claims until the last drop is gone. —

Steven Finch, AWRA-New Mexico Section     
Newsletter (March 1997).

As we enter the obscene mobscene of the Third 
Millennium, the lead role of hydrogeology in 
efficient exploitation of the limited groundwater 
resources in Rio Grande rift basins of the New 
Mexico region is gaining more attention and 
respect. I predict robust prospects for this field 
of environmental and economic geology for at 
least the next 50 years as communities seek out 
new sources of water to sustain growth; although 
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interest will wane when the wells start running 
dry. We will obviously continue to use politically-
correct expressions such as conservation and 
sustainable consumptive use when we describe 
development of aquifer systems in this and other 
arid and semiarid regions. From the perspective 
of 6000 years of recorded history, however, the 
concepts of irreversible depletion and desertification 
more often come to mind. —

Ralph, early mentors included John Clark, John 
Hernandez, Bill King, and Bill Seager at NMSU; 
Frank Kottlowski, Dave Love, and Lynn Gelhar at 
NM Tech; Mike Kernodle and Clyde Wilson with 
the USGS; and State Engineer Steve Reynolds and 
Hydrologist Zane Spiegel with the NM OSE. Other 
geologist and hydrologist colleagues in the private 
sector and at the region’s research Universities 
are too numerous for proper individual 
acknowledgement. My post-retirement (post-1997) 
contributions to water resource research in the 
New Mexico Region would never have been made 
without the support and mentorship of the late 
Dr. Bobby J. Creel (1943-1910; Figure 4). Editorial 
assistance and long-time support of Catherine 
Ortega Klett, now with OK Editorial Services, 
played an essential role in completion of this 
document. Swanson Geoscience, LLC assisted in 
preparation of most of the diagrams.

Figure 4. In Memorium; Dr. Bobby J. Creel (1943-2010).

Figure 3. NM WRRI supporters of hydrogeologic 
research in New Mexico: founding director Ralph 
Stucky, with John Clark (director 2), Garrey Carruthers 
(acting director), and Tom Bahr (director 3) in right to 
left order. 1978 photo, courtesy of NM WRRI archives. 

Adapted from PPT presentation by J.W. Hawley at the 
1997 Annual Meeting of the New Mexico Geological 

Society, Inc., NMIMT, Socorro, NM; original abstract 
in New Mexico Geology, v. 19, no. 2, p. 48-49 (1997).

So it is with groundwater. The doctrines of 
capture and reasonable use encourage exploitation 
of a common-pool resource. The legal rules 
governing groundwater use reward rational 
economic individuals by assuring them that 
the biggest pump wins. Rivers, springs, lakes, 
wetlands, and estuaries around the country face 
an uncertain future because most states have 
separate legal rules for regulating surface water 
and groundwater. For surface water, riparian 
law or the prior appropriation doctrine governs; 
but for groundwater, either a different system of 
prior appropriation or the doctrines of capture or 
reasonable use prevail. 

Each proposal offers an immediate yet 
temporary fix to a larger problem. These 
alternatives are Band-Aids that may prevent an 
infection from getting worse, but they are not 
cures for the disease. They instead allow us to 
ignore the inescapable reality that our uses of 
water are not sustainable over the long term. —
Robert Glennon, Morris K. Udall Professor of Law and 
Public Policy, University of Arizona—From: Chapter 

15 in Glennon (2002) Water follies: The Tragedy of 
Law and the Commons, p. 210-211 (cf. Hardin 

1968; Deming 2002, p. 22-24).

SPECIAL ACKNOWLEDGEMENTS
Having the honor of being invited to present 
the Utton Memorial Lecture at this conference, 
is closely linked to so many fortuitous personal 
and professional contacts with the giants in 
the regional water-resource field starting in 
1962. My hydrogeologic-research career in 
New Mexico was jump-started in October 1964 
by an invitation to be a Charter Member of 
the newly established NM WRRI by its first 
Director, Dr. Ralph Stucky (Figure 3). Besides 
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PRESENTATION OVERVIEW
From my octogenarian and somewhat 
curmudgeonly perspective, thorough knowledge 
of any entity is needed before it can be effectively 
conserved (or exploited). Because our dryland-
culture’s contacts with water-realities can be 
a bit depressing, however, I’ll try to keep this 
presentation as optimistic and moist as possible. 
Since human history reminds us that bad-news 
bearers almost always meet very bad ends, 
it’s prudent for me to avoid doom and gloom 
scenarios whenever possible. Accordingly, I’ll be 
pointing out opportunity areas that are ideally suited 
for desalination projects or where de-watered 
spaces in former or dwindling basin-fill aquifers 
can be refilled with state-of-the-art “managed 
aquifer recharge (MAR)” science and technology 
(e.g., Wolf et al. 2020). 

In an attempt to find the right mix of enlightenment 
and delightenment, this presentation has a three-
part organization: In PART 1, I’ll review some 
basic principles of the earth-science discipline 
of hydrogeology as applied to long-term 
development of this region’s large, but still-finite 
groundwater (GW) reserves. The somewhat fuzzy 
concepts of “GW sustainability” and GW-mining 
are described here in the context of arid/semiarid-
region aquifer systems in Rio Grande-rift basins 
where replenishment of “mined-out” aquifers 
is economically and environmentally viable. 
PART   2 comprises a brief overview of the historic, 
geomorphic, and hydrogeologic setting of the 
Santa Fe metro-area, the site of the 59th Annual 
NM Water Conference. In PART 3, we’ll visit areas 
of three intermontane basins in the Rio Grande 
rift province that have a substantial GW-resource 
development future, but where large-scale GW 
pumping could easily evolve into GW-mining 
operations without immediate implementation 
of prudent resource-management strategies: 
the Albuquerque-Rio Rancho metro-area of the 
Albuquerque Basin, the Palomas-Rincon [Hatch] 
Basin, and the binational/tristate Mesilla Basin. 

PART 1. BASIC CONCEPTS         
AND TERMINOLOGY
This paper is designed as a background document 
for a short PowerPoint® (PPT) presentation, with 
Figures and cited references selected to illustrate 
concepts and/or feature of specific hydrogeologic 
relevance. Emphasis is on intermontane-basin 
deposits of the Rio Grande rift geologic province 
that form the primary Santa Fe Group (SFG) 
groundwater reservoirs (aquifer systems) in the 
Rio Grande corridor that extends from south-
central Colorado to the Texas-Chihuahua border 
region. An abbreviated glossary (Table 1) is 
included at the end because I feel that it is essential 
to provide standard definitions of some common 
terms used in any water-resource assessment. 
Groundwater [GW], for example, is defined by 
David Deming (2002, p. 433) in the term’s broadest 
terrestrial context as any “subsurface aqueous 
fluid, either saline or fresh.” 

USGS Conceptual Model of Groundwater 
Sustainability (Alley and others, 1999, p. 3)  
Perhaps the most important attribute of 
the concept of ground-water sustainability 
is that it fosters a long-term perspective to 
management of ground-water resources. 
Several factors reinforce the need for a 
long-term perspective. First, ground water 
is not a nonrenewable resource, such as 
a mineral or petroleum deposit, nor is it 
completely renewable in the same manner 
and time frame as solar energy. Recharge 
of ground water from precipitation 
continually replenishes the ground-water 
resource but may do so at much smaller 
rates than the rates of ground-water 
withdrawals. Second, ground-water 
development may take place over many 
years; thus, the effects of both current and 
future development must be considered 
in any water-management strategy. Third, 
the effects of ground-water pumping tend 
to manifest themselves slowly over time. 
For example, the full effects of pumping 
on surface-water resources may not be 
evident for many years after pumping 
begins. Finally, losses from ground-water 
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storage must be placed in the context of 
the period over which sustainability needs 
to be achieved. Ground-water withdrawals 
and replenishment by recharge usually 
are variable both seasonally and from 
year to year. Viewing the ground-
water system through time, a long-term 
approach to sustainability may involve 
frequent temporary withdrawals from 
ground-water storage that are balanced 
by intervening additions to ground-water 
storage. 

Note that subjective terms like sustainability, 
opportunities, and challenges only suggest 
conceptual starting points in the complex 
iterative processes involved in 1) hydrogeologic-
framework characterization; and 2) evaluation 
of the anthropogenic factors now involved in 
all contemporary water-resource development 
activity. Accordingly, credible positive or negative 
outcomes are best described qualitatively as 
belonging to one of three broad event categories: 
1) possible to probable, 2) possible to improbable, 
and 3) possible but highly improbable (aka “Black 
Swan” events [like climate change or the current 
COVID-19 pandemic]; cf. Taleb 2010). 

Dating back to the observations of John Wesley 
Powell (1885), problems related to the management 
of both surface-water and groundwater resources 
remain pressing issues throughout the Colorado 
River and Rio Grande basins and adjacent areas 
of the American West (e.g., Glennon 2002, Phillips 
et al. 2011, Fleck 2016, and Alley and Alley 2017). 
Absence of enforceable rules for governing 
groundwater overuse is evident in above-cited 
observations by Glennon and Utton, and the 
following example of current conditions in south-
central Arizona:

Associated Press Report raises alarms over 
Arizona’s water supply— Albuquerque 
Journal-NATION, Sunday, October 27, 
2019 [cf. Davis 2019a]: 

TUCSON, Ariz.—A new report by an 
Arizona State University think tank 
[Kyl Center for Water Policy] says its 
questionable whether Arizona can find 
enough water to replenish aquifers for 
pumping to new homes in fast-growing 
suburban areas without access to the 
Colorado River. . . .

The report warns that some suburbs of 
Tucson and Phoenix will struggle to find 
enough water to keep growing without 
damaging aquifers by overpumping 
groundwater.

According to the report, the result could 
be land subsidence, including ground 
fissures, lower water quality and even the 
possibility of wells drying up.

And it said there’s a prospect of further 
hiked water rates for homeowners and 
financial problems for a three-county 
agency responsible for finding renewable 
water supplies for further development 
in Pinal County located between the two 
metro areas.

The report suggest that the landmark 
1980 Groundwater Management Act 
is environmentally unsustainable and 
requires an overhaul. . . . 

University of Arizona law professor 
Robert Glennon [2002], who has written 
two books about water supply issues, said 
the new report’s authors ‘convincingly 
demonstrate that it’s a broken system that 
will cause great economic and personal 
hardship if the legislature and DWR [AZ 
Department of Water Resources] don’t act 
to implement their recommendations.” 
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Groundwater Mining

The intended or unintended consequences 
of “Groundwater mining” are key factors in 
development of aquifer-systems in almost all arid 
and semiarid regions. According to Dr. David 
Deming (2002, p. 19): “Groundwater is a renewable 
resource, but not necessarily on a human time 
scale. Mining groundwater refers to extraction 
groundwater faster than it can be recharged. . . .  
[The] classic example is the High Plains Aquifer, 
also known as the Ogallala Aquifer after it chief 
water-bearing formation.”

Dr. Samuel Mandel of the Center for Groundwater 
Research at the Hebrew University, Jerusalem 
provides a global perspective on GW mining (1979, 
p. 439):

In 1975 the late G.B. Maxey* and the 
author were engaged in studies of 
groundwater mining. A collection of case 
histories revealed that overexploitation of 
groundwater is a very common practice, 
especially, though not exclusively, in dry 
areas. Generally, with very few exceptions, 
overexploitation develops unintentionally 
and is only belatedly recognized. Available 
data refer to areas where attempts are 
being made to rationalize groundwater 
mining and to plan rescue schemes. Data 
from areas where groundwater mining 
“just happens,” or where it has run its 
full destructive course, generally, remain 
inaccessible. Thus the available data are 
probably indicative of a problem that 
will become acute, on a global scale, 
within the next two or three decades, 
unless the present trends in groundwater 
development are reversed. 

The respective merits of sustained yield 
exploitation versus mining may be 
arguable in each particular area. The 
wide-spread uncontrolled development of 
irreplaceable water resources is certainly 
an undesirable state of affairs.

*Note: Dr. George Burke Maxey was my Ph.D. research 
advisor at the University of Illinois from 1959 to 1962 
(cf. Hawley 1962, Hawley and W.E. Wilson 1965). 
He established Nevada’s Desert Research Institute’s 
Hydrology Program (e.g., Maxey and Shamberger 
1961), and was the recipient of the 1971 Geological 

Society of America O.E. Meinzer Award for his paper 
“Hydrogeology of Desert Basins (Maxey 1968).”

In their seminal 1979 report on “International 
groundwater management: The case for the 
Mexico-United States frontier,” A.E. Utton and C.E. 
Atkinson cite prescient observations by (then) New 
Mexico State Engineer, Steve Reynolds on “the 
mining of water” that definitely apply to many 
parts of New Mexico outside the Lea County-
Southern High Plains region:

As Steve Reynolds points out, it must not 
be overlooked that in some situations as 
a matter of policy ‘the mining of water 
can be justified as readily as the mining of 
any of our other mineral resources such 
as uranium, oil or coal. It is not practical 
to operate a groundwater basin on a 
continuous-yield basis when the amount 
of water in storage is very large compared 
with the average annual recharge.’89

*89 Excerpt from Statement of S.E. Reynolds, 
State Engineer, Santa Fe, N.M.—Sept. 30, 
1959, p. 113-114:

While it is possible to justify the mining of 
groundwater resources, the practice will 
make it necessary to face serious water 
supply problems in the future. In some 
instances it will be possible to meet these 
problems only by complete adjustment of 
the economy of the area. While long range 
predictions of the value of water in various 
uses are dangerous, it appears likely that 
it will not be, in general, economically 
feasible to import water over appreciable 
distances for agricultural purposes when 
the local groundwater resources have been 
mined out. However, when reduced well 
yields or excessive lifts make pumping 
for agricultural purposes uneconomic, 
the residual water may well supply the 
municipal and industrial needs of a 
vigorous non-agricultural economy for 
many years. 

In Lea County [and many other places that 
rely on the Ogallala Aquifer System] pumping 
for irrigation will probably be uneconomic 
when about two thirds of the aquifer is 
dewatered. At that time there will probably 
remain substantial valuable reserves of oil and 
gas in the area. To produce and process those 
reserves it will be necessary to use numerous 
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Figure 7. Index map showing major basins/aquifer 
systems and volcanic field (VF) locations in the Rio 
Grande rift tectonic provice (adapted from Keller and 
Cather 1993). From north to south: San Juan volcanic 
field (SJVF), San Luis Basin (SL), Latir VF (LVF), 
Española Basin (E), Jemez VF (JVF), Santo Domingo 
Basin (SD), Albuquerque Basin (A), Socorro (Sc), La 
Jencia Basin (LJ), San Agustín Plains (SA), Jornada 
del Muerto Basin (JM), Mogollon-Datil VF (MDVF),  
Palomas-Rincon Basin (P), Tularosa Basin (T), Mimbres 
Basin (Mb), Mesilla Basin (M), Bolson de los Muertos 
(LM), and West Potrillo VF (WP).

low-production wells to pump the residual 
fresh water, and it may also be necessary to 
desalinize the abundant brackish waters and 
brines that occur in the area.

PART 2. HISTORIC, GEOMORPHIC, 
AND HYDROGEOLOGIC SETTING  
OF THE CITY OF SANTA FE AREA
It is quite appropriate that the 59th Annual New 
Mexico Water Conference is located in the Historic 
nucleus of the City of Santa Fe, La Villa de Santa 
Fé, which was founded as a Spanish colonial-
provincial capital on the banks of El Río de Santa 
Fé in 1609 (Snow 2015, Figure 5 and Figure 6). 

This place ranks high, not only in North American 
history but also in pioneering developments in 
classic geology. Of special regional significance is 
the city’s piedmont plain location at the base of the 
Santa Fe (SF) Range in the southeastern Española 
Basin of the Rio Grande (RG) rift tectonic province, 
and in a transition zone between the semi-arid 
Basin and Range and sub-humid Southern Rocky 
Mountain physiographic provinces (Figure 6). The 
rift is a continental-scale product of Earth crustal 
extension (Hawley 1978, Keller and Cather 1994, 
Hudson and Grauch 2013). This tectonic feature 
comprises a series of deep structural basins and 
flanking fault-block ranges or volcanic highlands. 
Its general north-south trend is marked by valleys 
and canyons of the Rio Grande that extend across 
New Mexico from Colorado’s San Luis Basin 
headwaters area to the lower end of the Hueco 
Bolson in western Trans-Pecos Texas (Figure 7).

Figure 5. Welcome to Santa Fe—The City Different: 
Okapoge (1250-1450-TEWA): La Villa De Santa Fe (1609-
1846) (Google Earth-Base).

Figure 6.  Major elements of an early Miocene geologic 
terrane superimposed on 10/2/13 Google Earth—image 
of the Rio Grande rift-Espanola Basin and Southern 
Sangre De Cristo mountain region.
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Dominant terrain features of the local urban 
landscape are 1) the Santa Fe River Valley, 
which cuts through remnants of a Late Tertiary-
Age alluvial-fan piedmont, and 2) the river’s 
headwaters area in the Santa Fe Range of the 
southwestern Sangre de Cristo Mountains 
(Figure   6). Maximum elevation of the upper-river 
basin is 12,408 ft amsl, and the average elevation of 
central unban area is about 7,200 ft. The vital roles 
that the terraced river valley and its interlinked 
acequia-irrigation systems have played in surface-
water supply, aquifer recharge, and environmental 
concerns still resonate (Spiegel and Baldwin 1963). 
Accelerated population growth, and associated 
environmental and water-supply problems started 
with arrival of trans-continental railroads in the 
1880s, and automobile-based tourism in the 1920s. 
However, things got really rolling in late 1942 
when the AT&SF Railyards became the staging 
area for Manhattan Project construction of the 
“Secret City on the Hill” at Los Alamos.

The beginning of a post WWII era of federal 
and state collaboration in water-resources 
investigations was marked by the “Geology 
and Water Resources of the Santa Fe Area, 
New Mexico,” published in 1963 as US 
Geological Survey Water-Supply Paper-1525 
(Figure 8 and Figure 9). This seminal, multi-
disciplinary assessment of ground- and 
surface-water resources was conceived and 
headed by Zane Spiegel (USGS hydrologist) 
and Brewster Baldwin (NM Bureau Mines 
geologist). Perhaps the major contribution to 
regional hydro-science was establishing the 
Española Basin as the type area of the Santa 
Fe Group, the primary basin-fill stratigraphic 
unit in the RG-rift. While hydrogeologic and 
geohydrologic concepts have been improved 
at local scales by subsequent geological, 
geophysical and hydrochemical studies, the 
basic interpretations recorded in WSP-1525 have 
stood the test of time (cf. Hudson and Grauch 
2013). 

PART 3. HYDROGEOLOGIC 
FRAMEWORK OF THREE RIO 
GRANDE RIFT AQUIFER SYSTEMS
Albuquerque Basin

The present era of detailed hydrogeologic-
framework characterization and groundwater-
flow system modeling in the Albuquerque Basin 

Figure 8. Cover of USGS water-supply paper 1525- 
Spiegel and Baldwin (1963).

Figure 9. Santa Fe quadrangle geology (Kottlowski and Baldwin, 
1952). From USGS water-supply paper 1525 (Spiegel and Baldwin 
1963). 

began in 1991; but it was proceeded by decades 
of pioneering geohydrologic/hydrogeologic 
investigations, which were initiated by Kirk Bryan 
and Charles Vernon Theis in the 1930s (Bryan 1938; 
Theis 1938, 1941; Hawley and Kernodle 2000, 2008).  
The early 1990s studies were an inter-agency/multi-
disciplinary effort, with the NM Bureau of Mines 
[now Geology] & Mineral Resources (NMBMMR) 
at NM Tech and the USGS NM Water Resources 
Division having leadership roles (Hawley and 
Haase 1992, Thorn et al. 1993). Basic funding 
support was provided by the City of Albuquerque 
Public Works Department. The conceptual model 
of the basin-scale hydrogeologic framework, 
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which was completed between 1992 
and 1995, included identification of 
three hydrostratigraphic-unit (HSU) 
subdivisions of the Santa Fe Group: 
Lower (LSF), Middle (MSF), and 
(Upper), with the latter including the 
primary aquifer system formed by 
Ancestral Rio Grande (ARG) channel 
deposits (Hawley et al. 1995, Kernodle 
et al. 1995). Each HSU also included 
subunits based on 1) depositional 
environment (e.g., piedmont-slope 
vs. basin floor) and 2) textural and 
induration variations in sedimentary 
materials (lithofacies) that form the 
primary controls on water-transmitting 
properties in both the saturated and 
vadose zones. This framework was used 
immediately in initiating the present 
generation of groundwater-flow and 
hydrochemical models that form the 
basis for water-resource management 
(e.g., McAda and Barrow 2002; Plummer et al. 
2004). 

In simplest geologic terms, the northern part of 
the Albuquerque Basin is an east-tilted structural 
depression (half graben) formed during the 
past 25 million years (Ma) by extension of the 
Earth’s crust (Figure 10). It is one of the deepest 
segments of the Rio Grande rift. Most of the basin 
fill is sedimentary, but igneous-intrusive and 
interbedded-volcanic rocks are locally present 
(Connell 2008, Hudson and Grauch 2013). Almost 
all units are included in the Santa Fe Group (SFG). 
The only exception are Late Quaternary sediments 
and volcanics in valleys of the present Rio Grande 
fluvial system. Basin-flanking structural uplifts 

Figure 10. Block model of the northern Albuquerque basin. 

include the Sandia-Manzano Mountains to the east 
and the Colorado Plateau to the west. One of the 
places of maximum basin subsidence is located in 
the Albuquerque “East Heights” (fan-piedmont) 
area just west of basin-boundary-fault zone at the 
foot of Sandia Mountains. Thousands of feet of 
aggregate displacement has occurred in the past 15 
Ma, and at least 10,000 feet of SFG basin fill have 
accumulated. 

During early stages of Albuquerque Basin filling 
(25 to about 10 Ma), closed-topographic basin 
(bolson) conditions existed. As a result, alluvial 
flats and ephemeral-lake plains (playas) formed the 
dominant basin-floor depositional environments, 
and lower Santa Fe Group deposits are typically 
fine-grained sediments, which form aquitards or 
aquicludes, but never significant aquifers in terms 

Figure 11. (L and R) Representative exposures of Middle Santa Fe Group basin-floor and piedmont slope facies (LFAs 3, 9, 
and 8, respectively) that underlie and include primary and secondary aquifer zones of the Albuquerque basin. 
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of either produced-groundwater quantity or 
quality (Figure 11L). Correlative SFG piedmont-
slope deposits, coarse-or medium-grained, are 
of relatively low permeability due to moderate 
to strong cementation (Figure 11R). During the 
past 8 million years, however, much of the basin 
floor was occupied by a large fluvial system, the 
Ancestral Rio Grande (ARG), which included the 
ancestral upper Rio Puerco as a major tributary. 
The ARG system ultimately contributed as much 
as 3,000 ft of sand-dominated fluvial sediment 
to the most actively subsiding parts of basin 
between the boundary-fault zone underlying 
Albuquerque’s “East Heights” and the inner Rio 
Grande Valley. Much of this material has high 
permeability and forms the basin’s major aquifer 
unit (Figure 12, Figure 13, and Figure 14).

Between about 5 and 1 million years ago, the 
ancestral-river system expanded to one of regional 
extent that connected all Rio Grande rift basins 
between the San Luis Basin and the Hueco Bolson 
(Figure 7). The ARG and its major tributaries, 
however, continued as the major contributor to 
basin aggradation and the source of sediments that 
comprise our primary aquifer systems until initial 
entrenchment of present river valley (Figure   13 
and Figure 14). That latter feature, which now 
separates Albuquerque’s “East Heights” and 
“West Mesa,” has existed as an erosional river-
valley landform only for the relatively short span 
geologic time (probably less than 800,000 yrs). 
This interval was marked by the culmination of 
the Pleistocene Ice Ages, and expansion of the 
Rio Grande-Pecos drainage basin from southern 

Figure 12. Representative exposures of high-permeability ancestral-Rio Grande channel deposits (LFA 1) in the upper 
Santa GP that form primary aquifer zones of the central Albuqueque basin and parts of other Rio Grande rift basins in 
New Mexico (Connell, 2008). 

Colorado to the Gulf of Mexico (Hawley 2005; 
Connell et al. 2005, 2007). 

The major complicating factors in this fluvial-
geomorphic history involve millions of years of 
differential uplift/subsidence between mountain 
and basin structural blocks, construction of the 
Jemez volcanic field, and continental-scale climate 
change. For example: 1) Rio Grande-rift basins 
were not nearly as deep, nor mountains as high 8 
Ma; 2) upper Rio Grande drainage terminated in 
the Socorro area until about 5 Ma; 3) the onset of 
alpine glaciation in Southern Rocky Mountains 
and large pluvial-lake expansion started about 
2.6 Ma; 4) the first extensive of basaltic-volcanic 
fields in the Albuquerque Basin formed at about 
the time; and 5) highlands of the Jemez Mountain 
caldera complex only appeared on the Basin’s 
northern horizon about 1.8 Ma (Figure 10). Major 
fault displacements of SFG deposits, both at 
the edges and within the basin, have continued 
throughout the Pleistocene; and fault-zone features 
locally form significant subsurface-flow boundaries 
(Figure 13 and Figure 14).

The floor of the Rio Grande Valley throughout its 
RG rift course is underlain by as much as 100 ft of 
sand and gravel-dominant channel and floodplain 
deposits of the fluvial system that excavated and 
then backfilled the inner valley starting in last 
glacial cycle of the Pleistocene 15 to 25 thousand 
years (ka) ago. This is the main site of river/aquifer 
interaction and groundwater recharge throughout 
the RG rift region (Figure 15). So love it and protect 
it, or move away!
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Figure 15. Very high permeability 
late Pleistocene Rio Grande channel 
deposits (HSU-RA / LFAa1) exposed 
in ABCWUA flood basin west of 
Menaul School and Broadway (1994). 
Primary component of the river 
valley’s shallow-aquifer system, and 
a great Managed Aquifer Recharge 
(MAR) site!

Figure 13. Google Earth® view of 
NE Albuquerque basin between the 
Rio Grande valley and the Sandia 
Mountains: Tijeras Canyon fan 
(yellow); inferred faults offsetting 
Santa Fe Group basin fill (red); East 
edge of ancestral river-channel 
deposits (Blue); Outline and centroid 
of deep potentiometric-surface 
depression in aquifer system (violet); 
KAFB fuel-spill plume w / edb (green). 

Figure 14. Schematic hydrogeologic cross-section of the North-Central Albuquerque basin (Gibson Blvd. 
alignment). 
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Figure 16. Index map showing major landscape features of the 
southern RG-Rift and SE Basin & Range provinces. Basin-floor 
areas occupied by High stands of Late-Pleistocene pluvial 
Lakes Otero and Palomas are shown in light blue. The beige 
rectangle covers the area of ongoing NM WRRI hydrogeologic 
studies that includes post-2006 federal Transboundary Aquifer 
Assessment Program (TAAP) activities (see Figure    27).

Palomas Basin, Rincon (Hatch) Valley, 
and Selden Canyon

Geologic/hydrogeologic field investigations in the 
southern Palomas and Jornada [del Muerto] Basin 
area, and contiguous parts of the Rincon Valley 
and Selden Canyon were initiated in the mid-
1960s. Work was done primarily by geologists and 
their students at NMSU, with primary funding 
support provided by the US Soil Conservation 
Service (now NRCS), and research grants from the 
NM Water Resources Research Institute (WRRI) 
and the NMBMMR at NM Tech (e.g., Seager et 
al. 1971, 1982, 1987).  Detailed geohydrologic 
studies by a USGS-WRD team headed by Clyde 
Wilson were not started until 1972, when a 
USGS Sub-district Office was established on the 
NMSU campus (Wilson et al. 1981).  Nearly all 
of these studies, however, were restricted to the 
area south of Caballo Reservoir, and primarily in 
Doña Ana County (Figure 16-22). The 1980 death 
of Clyde Wilson (at 45) was a major setback to 
all hydrogeologic/geohydrologic efforts in the 
Mesilla-Palomas Basin region; and additional 
detailed studies in the Palomas Basin area have 
only be initiated in the past decade, again with 
major NMSU and NM Tech-based, and USGS 
involvement.

The structural-high geologic setting of much of the 
Rincon (Hatch) Valley corridor between Caballo 
Dam and Selden Canyon provides excellent 
exposures of the entire Santa Fe Group (SFG) 
stratigraphic sequence (Figure 18 and Figure 19). 
However, in downstream Mesilla Basin and Hueco 
Bolson areas (Figure 17 and Figure 20), older 
parts of the SFG are deeply buried by Upper SFG 
basin fill. For example, at least 3,500 of Lower and 
Middle SFG deposits at exposed at the Tonuco-
San Diego Mountain uplift in the boundary zone 
between the Jornada Basin and the southernmost 
Rincon Valley. As in the analogous geologic setting 
of the western Albuquerque Basin’s Rio Puerco 
Valley (Figure 10 and Figure 11L), aquiclude and 
aquitard geohydrologic conditions prevail in the 
middle and lower parts of the SFG (Figure 14). 
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Figure 17. Major landscape features of the Mesilla Basin region of the southern 
RG-rift province (Hawley et al. 2009, FIG. 10). Approximate area covered by the 
Ancestral Rio Grande (ARG) distributary drainage network that spread out from a 
trunk-ARG channel system in the Palomas Basin is in pink. Entrenched valley and 
canyon reaches of the Rio Grande are in yellow. Stipple patterns cover basin-floor 
areas occupied by deep stages of Lakes Otero (Tularosa Bsn.) and Palomas (Los 
Muertos Bsn.) during Late Pleistocene glacial/pluvial stages.

Figure 18. Middle Santa Fe Gp Hydrostratigraphic-Unit (HSU) and Lithofacies Assemblage (LFA) Classes: A. HSU-MSF2: 
LFA 10 (fine-grained playa-lake plain [barreal-salina] facies); B. HSU-LSF: LFA 8 (piedmont-slope fanglomerate facies).
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Figure 19. Left: Caballo Dam / Reservoir at Rio Grande-Percha Creek confluence in the upper Rincon 
Valley, Palomas Basin (9/1991). Right: Percha Creek recharging Black Range-sourced Upper Santa Fe Group 
(Palomas fm) fan-piedmont deposits (HSU-Usf 1 / lfa 5) (3/2016). 

Figure 20. Index map to major geohydrologic 
features of the Mesilla GW Basin (MeB) 
Study Area, with MeB boundary in 
green. thick, solid and dashed blue lines 
show primary hydrographic boundaries 
(watershed divides). An approximation of 
the pre-development potentiometric-surface 
altitude is shown with thin, dark-blue lines 
(20 and 100-ft [~6 to 30-m] contour interval). 
2017 Google Earth® image base. 

The structural setting of the central Palomas 
Basin, which lies between the Black Range and 
Caballo Reservoir, is much different than the 
immediately downstream river-valley and canyon 
corridor (Figure 19). Here, the eastward-tilted 
basin structure is much like that of the metro-
area section of the Albuquerque Basin (Figure 10 
and Figure 14). Upper SFG deposits are as much 
as 1,000 ft thick in the deepest known part of the 
basin that is located within 5 miles of the southern 
Caballo reservoir. Much of the Upper Santa Fe 
hydrostratigraphic unit (HSU-USF) comprises 
alluvial-fan-piedmont and axial-stream deposits 
with demonstrated great potential for increased 
groundwater production and future MAR projects 
(Figure 19).

The basin-bordering Black Range is of special 
hydrologic importance, particularly because of its 
geographic/hydrographic location and elevation. 
With summit elevations locally exceeding 10,000 
ft, it is the southernmost high-mountain mass that 
is an integral part of the Rio Grande watershed. 
Surface and subsurface flow systems in the 
valley-reservoir reach between Elephant Butte 
and Caballo Dams is already the beneficiary (or 
occasional unhappy recipient) of highland-sourced 
warm-season precipitation/flood-runoff events that 
can and do produce large discharges of water and 
sediment. Watershed health is therefore of major 
importance in both surface- and subsurface-water 
conservation.
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Mesilla Basin and Valley

Hydrogeologic characterization 
of SFG basin fill and Rio Grande 
alluvial deposits of the Mesilla 
Basin is of excellent quality 
(Figure 20-24). Much of this work 
is based on public-sector funded 
research (Federal, State, university, 
and local water-utilities) dating to 
the 1940s (e.g., Conover 1954, Leggat 
et al. 1962, Hawley et al. 1969, King 
et al. 1971, Gile et al. 1981, Wilson 
et al. 1981, Peterson et al. 1984, 
Hawley and Lozinsky 1992, Frenzel 
and Kaehler 1992, Nickerson and 
Myers 1993, Hawley and Kennedy 
2004, Creel et al. 2006, Hawley et al. 
2009). Private-sector contributions 
(e.g., irrigation agriculture, and oil 
& gas-exploration and livestock/
diary industries) have also been very 
substantial. The almost perennial 
Rio Grande runs down the Mesilla 
Valley corridor and serves as the 
primary recharge source for basin- 
and valley-fill aquifer systems 
(Figure 24). With the exception of 
recharge from the river, irrigation-
agriculture and a few mountain 
highlands, groundwater resources in 
this semiarid, binational region are 
primarily replenished by underflow 
from basin-boundary sources that 
are predominantly brackish. 

Primarily because of the aquifer’s 
great depth (with vadose-zone 
thicknesses in the 300 to 400-ft 
range), most of Mesilla Basin floor 
(“West Mesa)” west of the irrigated 
and urban/suburban lands of the 
inner Mesilla Valley has not been 
utilized except for livestock grazing 
and wildlife management. The 
“West Mesa” surface and Rio Grande 
alluvium of the inner-river valley 
are immediately underlain by the 
Upper Santa Fe hydrostratigraphic 
unit (HSU-USF, Figure 17). It 
consists mostly of permeable sand 
and gravelly sand deposited by 
the ancestral Rio Grande (Figure 
23A), and ranges from 500 to 1000 

Figure 21. Primary topographic, lithostratigraphic and structural components 
of the Bedrock surface buried by SFG basin fill in the Binational Mesilla Basin 
region. Bedrock-map units are defined in Table 3. The Mesilla GW Basin is 
outlined in green; and W-E red lines show locations of geologic cross-sections 
I-I’ to III-III’ on Figure 25. 

ft in thickness in central basin floor and valley areas north of the 
International Boundary. Conservative estimates of the amount of 
recoverable fresh to moderately brackish groundwater in storage 
exceeds 30 million acre-feet (Figure 25). Sand-dominant texture, high 
permeability, and the relatively compact structure of the bulk of these 
sediments indicates that: 1) groundwater-pumping yields will be high 
(1,000 gpm range); 2) land-subsidence potential low; and 3) suitability 
for post-/co-development MAR is excellent. National Monument 
designation in 2014 and 2019 Border Wall construction, both without 
consideration of water-resource management concerns, however, now 
complicates groundwater-conservation planning in the binational 
part of the “West Mesa” area. 
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Figure 22. Schematic geologic cross sections I-I’ to III-III’ that show basic RG-rift structural 
relationships in the binational Mesilla Basin region. Section locations shown on Figure 24, and 
Bedrock-map units defined in Table 3.

Figure 23. Upper Santa Fe Gp HSU-USF and Lithofacies Assemblage (LFA) Classes: A. HSU-USF2: Ancestral Rio Grande 
(ARG) channel deposits (LFAs 1 & 2);  B. HSU-USF1: faulted bouldery fan-piedmont alluvium (LFA 6); on Permian 
carbonate bedrock. 
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Figure 24. 36-ft (11-m) Section of Historic Rio Grande Channel and Floodplain Deposits (HSU-RA) at 
Burn Lake I-10 Borrow Pit NE of Old Mesilla. A. General: HSU-RA and LFAs a3/a2 ; B. Detail of 
HSU-RA (LFA a2) exposure.

Figure 25. Map of Mesilla Basin area (yellow 
outline) that is underlain by as much as 1,000 
ft of saturated Upper and Middle SFG basin 
fill with at least 50 million ac-ft of <5,000 
mg/L tds economically minable groundwater 
(Esslinger, 2014, unpublished). 
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Groundwater Conservation: Strategies, Initiatives, and Impacts on the Rio Grande

Opportunities for both surface and 
subsurface disposal of desalination-
produced concentrate are excellent, 
provided that binational/tristate (NM, TX, 
and Chihuahua) cooperative agreements 
can be reached concerning development 
of shared groundwater resources and 
managed aquifer-recharge (MAR) projects 
(Figure 26 and Figure 27). Natural-gas 
powered electric-energy generation is 
already locally available; and prospects 
of future solar-energy generations are 
unlimited. Design and implementation of 
large-scale (mg/d) desalination operations 
can begin immediately, provided that 
the existing 27 mg/d desalination facility 
operated by the El Paso Water Utility in 
the nearby western Hueco Bolson is used 
as a state-of-practice working model (e.g., 
Archuleta 2010). 

Now a few caveats: Doña Ana (NM) and 
El Paso (TX) Counties, and contiguous 
parts of Chihuahua share many of 
the pitfalls of adverse environmental 
impacts on aquifer integrity that are 
associated with a very large urban/
suburban population. For example, a 
major locale of potential groundwater 
contamination is the bi-state area of 
concentrated irrigation-agriculture, 
and feedlot and industrial operations 
that is located in and along the east 
edge of the Mesilla Valley (e.g., Hibbs 
et al. 1997, Macías-Corral et al. 2006, 
Mumme 2010, Walker et al. 2015). One 
of the new environmental-impact areas 
involves occurrences of anthropogenic 
“Contaminants of Emerging Concern 
(CECs)” that are now appearing on 
groundwater-contamination maps of 
“1,4-dioxane MRL exceedances” at M&I 
sites in El Paso-Ciudad Juárez and Santa 
Teresa-San Jerónimo (e.g., Suthersan et 
al. 2016; USEPA 2015; cf. Alley and Alley 
2020, Chapts. 9 and 10). 

Plausible future climate scenarios suggest 
that the regional precipitation-distribution 
pattern in the Upper Rio Grande basin 
could shift from the present winter-snow 
dominant in the basin’s Rocky Mountain 
highlands to the summer-monsoon storm 
conditions already prevalent in the Basin 

Figure 26. “International-Boundary Zone (IBZ)”. 

Figure 27. Index map showing locations of the new Ciudad Juárez 
(JMASCJ) well field and the 42-in transmission line (red) that connects 
it with the central part of the city. Mesilla and El Parabién gw basin in 
green and beige, respectively. 

and Range-Chihuahuan Desert landscape of the region. For 
example: Most of the Mesilla Basin floor is a flat dune-covered 
fluvial plain (long since abandoned by the ancestral Rio Grande) 
with no inter-connected surface drainage and numerous shallow 
closed depressions (Gile et al. 1981, Seager et al. 1987). As such, 
it now serves as a marginal ephemeral source of groundwater 
recharge, but only after extreme warm-season rainstorm events.

HYDROGEOLOGY MEETS “THE LAW OF 
THE RIO GRANDE 
In conclusion, it is fitting to refer to one more of Al Utton’s 
seminal contributions to groundwater-resource management 
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in the Trans-International Boundary region of the 
American West. With grant support from the NM 
WRRI, Al Utton and Clifford K. Atkinson prepared 
a report titled “International Groundwater 
Management: The Case of the Mexico-United 
States Frontier. The theme of this seminal 
document still resonates, and the geohydrologic 
information it contains is applicable in all stream/
alluvial aquifer-corridors of this arid/semiarid 
region, no matter what type political-boundary 
condition exists (cf. Utton and Atkinson 1979, 1981, 
1983; Hibbs et al. 1997; Granados-Olivas et al. 2012; 
INEGI 2012): 

In view of the agreed upon allocations 
of surface waters for the Rio Grande and 
Colorado and the example of the Santa Cruz 
River upon which both Nogales, Sonora and 
Nogales, Arizona depend, it is absolutely 
essential that the interrelationship between 
surface and groundwaters be recognized. 

As [Harold] Thomas and Luna [Leopold] [1964] 
point out,

We have been discussing ground water 
more or less as if it were separate and 
distinct from the rest of the hydrologic 
cycle. Such segregation has been common 
among hydrologists as well as the general 
public, and is reflected in legislation, 
in the division of responsibility among 
government agencies, in development 
and regulation. Yet it is clear that this 
isolation can be maintained only when 
and where water is being mined from 
underground storage. Any water pumped 
from wells under equilibrium conditions 
is necessarily diverted into the aquifer 
from somewhere else, perhaps from other 
aquifers, perhaps from streams or lakes, 
perhaps from wetlands—ideally, but not 
necessarily, from places where it was 
of no use to anyone. There are enough 
examples of streamflow depletion by 
ground water development, and of ground 
water pollution from wastes released into 
surface waters, to attest to the close though 
variable relation between surface water 
and ground water. 

Thus, the IBWC [International Boundary & 
Water Commission] will undoubtedly have 
to treat differently two major classifications 
of groundwaters: those that are tributary to 
surface water flows and those which are not 
tributary, or more precisely, those which are 
interrelated to surface water flows (which 
would include, for example, the Santa 
Cruz, which is tributary to the groundwater 
supply) and those which are not connected 
hydrologically with any identifiable surface 
stream or lake. 

In fact, the Rio Grande itself already 
has provided extensive hydrologic and 
institutional experience concerning the 
interrelationships between surface flows and 
the associated alluvial groundwater system. 
Hydrologic studies have shown “an intimate 
hydraulic relationship between the Rio Grande 
and adjacent groundwater reservoirs. There 
are extensive sedimentary rocks adjacent to 
the river . . . which form the principal aquifer 
adjacent to the river. This aquifer is recharged 
directly by precipitation, by lateral flow of 
water from adjacent formations, by seepage 
from Rio Grande tributaries, and in some 
areas from seepage from the Rio Grande 
mainstream.”

Pumping from groundwater flows thus 
can have direct effects on surface water 
flows which can be calculated, once the 
characteristics of the aquifer are known [cf. 
Spiegel 1962]. Using the formula devised by 
C.V. Theis [1938, 1941], the State Engineer of 
New Mexico [Steve Reynolds] has devised a 
system of administration which allows new 
appropriations of groundwater in the Rio 
Grande basin in New Mexico only “under 
the condition that the appropriator acquire 
and retire from usage surface water rights in 
amounts sufficient at each point in time to 
compensate for the increasing effects of his 
pumping on the stream.” This conjunctive 
administration of surface and groundwaters 
protects prior users of both, and has been 
upheld by the courts. 
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Table 1. Glossary of Some Basic Terms Used in a Hydrogeologic Context
Aquiclude: A saturated geologic formation [of very low permeability] that contains water but does not transmit 
significant quantities (Hornberger et al. 1998, p. 277).

Aquifer: A saturated geologic formation that contains and transmits significant quantities of water under normal field 
conditions (Hornberger et al. 1998, p. 277).

Aquitard: A saturated geologic formation that is of relatively low permeability (Hornberger et al. 1998, p. 277).

Confined Aquifer: A permeable formation whose upper boundary is an aquitard; water in a well within a confined 
aquifer will rise above the top of the aquifer (Hornberger et al. 1998, p. 279; cf. potentiometric surface).

Conservation: A careful preservation and protection of something; especially planned management of a natural 
resource to prevent exploitation, destruction, or neglect, e.g., water conservation. https://www.merriam-webster.com/
dictionary/coservation

Geology: The study of the planet Earth, the materials of which it is made, the processes that act on these materials, the 
products formed, and the history of the planet and its life forms since its origin (Neuendorf et al. 2005, p. 267).

Groundwater: (1) (a) That part of the subsurface water that is in the saturated zone . . . .  (b) loosely, all subsurface water 
as distinct from surface water (Neuendorf et al. 2005, p. 286). (2) Any subsurface aqueous fluid, either saline or fresh 
(Deming 2002, p. 433).

Hydrogeology: (1) The science that deals with subsurface waters and related geologic aspects of surface waters. Also 
used in the more restricted sense of groundwater geology only.  (Neuendorf et al. 2005, p. 311). (2) The branch of 
hydrology which studies underground fluids and their interaction with solid geologic materials (Deming 2002, p. 433).

Hydrology: The study of the occurrence and movement of water on and beneath the surface of the Earth, the 
properties of water, and its relationship with living and material components of the environment (Hornberger et al. 
1998, p. 282).

Potentiometric Surface: (1) A surface that depicts the distribution of hydraulic heads in a confined aquifer; the water 
[level] in a well or piezometer penetrating the confined aquifer defines that surface (Hornberger et al. 1998, p. 286). (2) 
Commonly defined more broadly to include the water table.

Quaternary (Ice Age) Period: The youngest geologic time-rock unit with a span of about 2.6 million years (Ma; Walker 
and Geissman 2009). It comprises the Holocene (past 10-12 thousand years [ka]) and Pleistocene Epochs, and is 
preceded by the Tertiary Period. Quaternary and Tertiary are subdivisions of the Cenozoic Era.

Saturated Zone: A region of the subsurface where pores are completely filled with water; it is bounded at the top by 
the water table (Hornberger et al. 1998, p. 287).

Tertiary Period: The geologic time-rock unit that extends from about 2.6 to 65.5 Ma.  It is subdivided into the 
Pliocene (2.6-5.3 Ma), Miocene (5.3-23 Ma), Oligocene (23-34.9 Ma), Eocene (34.9-55.8 Ma), and Paleocene 
(55.8-65.5 Ma) Epochs, which are preceded by the Cretaceous Period of the Mesozoic Era (65.5-251 Ma). Informal 
Upper, Middle, Lower Tertiary units, respectively comprise the Pliocene/Miocene, Oligocene, and Eocene/Paleocene 
Epochs. 

Unconfined Aquifer:  A permeable formation whose upper boundary is the water table (Hornberger et al. 1998, p. 
291).

Vadose Zone (preferred here) or Unsaturated Zone: The zone in soils or rocks between the Earth’s surface and 
the water table; pores are partly filled with water and partly filled with air (Hornberger et al. 1998, p. 291).

Water Table: A surface separating the saturated and unsaturated zones of the subsurface, [that is] defined as a surface 
at which the fluid pressure is atmospheric (Hornberger et al. 1998, p. 292).
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Eddie C. Livingston, P.E. is President of Livingston Associates water resources 
consulting engineering firm in Alamogordo, NM. He is a professional engineer with 
30 years of experience in water resources planning, supply and treatment. He has a 
Bachelor of Science degree in Civil Engineering from New Mexico State University and 
a Master of Science degree in Civil Engineering from the University of New Mexico. Mr. 
Livingston has been the consultant on a number of innovative water supply projects 
locally and abroad, which have included water treatment, water reuse, desalination 
and aquifer storage.

Eddie Livingston, Livingston and Associates

Editor’s Note: The following papers represent a transcription of the 
speakers’ remarks made at the conference; no follow-up papers were 
submitted by the speakers. Remarks were edited for publication by the 
editor. The speakers did not review this version of their presentation, 
and the editor is responsible for any transcription and editing errors.

Thank you very much, it is a pleasure to be here. 
What I would like to do this afternoon is to 

give you an overview of the City of Alamogordo’s 
water planning.

The City of Alamogordo has been very innovative 
and proactive in their water resource planning 
for quite a number of years. They were 
involved with the first comprehensive 
plan in the Tularosa Basin, the Tularosa 
Basin and Salt Basin Regional Water Plan 
2000-2040 (Figure 1). In that plan, the 
City chose their water supply alternative 
of choice as the desalination project. We 
have been involved with this project for 
the City since about 1998. The regional 
plan really formulated and tied down 
the desalination project.

A lot of information was in the plan - it 
is a two-volume regional water plan that 
helps to support the desalination project 
and the other alternatives that were 
considered. Along with the regional 
water plan, the City developed a water 
development plan with John Shomaker 
and Associates as sub-consultants. In 

2000, we began working on the local plan, and 
that plan was then integrated into the regional 
plan, which supported the desalination project. 
The latest version of the plan was published last 
August and looks at the 2015-2055 planning period. 
Figure   1 shows the progression of plans that gets 
us to where we are today.

Figure 1. City of Alamogordo water plans and map of the Tularosa 
Basin.

Alamogordo
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Concerning the graphic in Figure 1, first give 
credit to John Shomaker. I have added a bit to it. 
You can see the Tularosa Basin; Alamogordo is 
centrally located with a population of about 36,000, 
projected to grow to about 68,000 by 2055. The 
city has two surface water supplies with about 70 
percent of water coming from east of Alamogordo 
via the La Luz and Alamo Canyon watersheds, 
which are on the western slopes of the Sacramento 
Mountains. That is of course a very important 
supply for the city. The city also has two well fields 
located near the city that supply groundwater. 

As we move north (on Figure 1), we see the circled 
area about 26 miles north of Alamogordo. That is 
the Snake Tank Well Field, and it is the brackish 
water supply for the desalination plant. The State 
Engineer granted about 4,000 acre-feet of water 
for the plant; the quality of the water is about 2500 
ppm dissolved solids (primarily calcium sulfate). 
That water will be pumped down through the city 
and used in the desalination plant. It was quite a 
process to go through the water rights application 
process‒the hearing, the trial, and so on. It has 
been about a 10-year process to get to where we 
are today. You cannot start the process when you 
begin to run out of water‒you have to plan long 
ahead so that by the time you get to the point 
where you need the water, you have it.

Bonito Lake, east of Carrizozo, provides 15-20 
percent of Alamogordo’s water supply. It 
is very good quality water with less than 
500 total dissolved solids (TDS). It took 
about 90 miles of pipeline to transport that 
water. However, you can’t always count on 
things that you think you can count on. In 
2012, the Little Bear forest fire completely 
burnt out the watershed to Bonito Lake 
and subsequent rains delivered about 
200,000 cubic yards of sediment into the 
lake rendering it completely unavailable as 
a supply. One day it was a supply, and the 
next day it was not. You have to incorporate 
and anticipate these things in your plans.

In the southeast corner is the Salt Basin, 
which is included in part of the regional 
water plan and is an important resource 
that has been largely ignored. It is, however, 
a potential long-term supply for the city. 
When we look at the surface water sources 

Figure 2. Surface and groundwater supplies under normal and 
extreme conditions for Alamogordo.

to the east of the city, they are just as vulnerable to 
fire as Bonito Lake. It is important to decide how 
much to rely on your surface water sources given 
the potential for losing them almost overnight.

If we look at the water balance in the plan 
(Figure   2), we consider two different scenarios. 
One concerns normal conditions where both 
surface and groundwater are available. Then there 
is the extreme condition where you do not have 
any surface water available for whatever reason‒
whether due to extreme drought or due to forest 
fire or another catastrophic event that leaves no 
surface water at all. When we do a water balance 
on both scenarios, keep in mind that both of these 
scenarios show the “firm” supply of surface water 
and groundwater, which is the amount of water 
that you guarantee 24/7 and 365 days a year in all 
conditions. The “average” supply is higher than 
the firm supply, but when you plan, you must look 
at what you can guarantee. All water suppliers are 
mandated by the public to supply drinking water 
in all cases – so you have to approach planning 
with the “firm” supply attitude.

Looking at normal conditions for both surface 
water and groundwater (Figure 2), the 2015 water 
requirement demands are about 7,000 acre-feet. 
Thus, from that standpoint, we are already about 
70 acre-feet short. You want to build your water 
system so that you can guarantee water supply. If 
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you look at the 2055 requirement of almost 
12,000 acre-feet, we are 5,000 acre-feet 
short. The desalination plant would move 
immediately into supplying the water 
required to balance demands. On the other 
side, let’s consider the extreme condition. 
If there were no surface water supply at 
all, or if it was rendered inoperable or 
unavailable, the demand would be the 
same. Right there we would be about 3,200 
acre-feet short and we would require the 
entire desalination plant supply that we 
have online today. By 2055, we would be 
almost 8,000 acre-feet short, which is twice 
what the desalination plant can produce. 
When we talk about the extreme condition, 
we say ok, we lose the entire watershed for 
perhaps five or ten years. We still do not 
know exactly when Bonito Lake is going to 
be back online. They are just now coming 
up with the engineering for the dredging 
and cleaning of that lake. The last estimates 
were up to possibly ten years. You may 
think that ten years does not sound long, 
but out of a forty-year plan, it is a lot. Also, 
which ten years do you want‒the first ten, 
the last ten, or the middle ten? You don’t 
know and you won’t know, but you have 
to plan for it nevertheless. That way by the 
time something happens, it isn’t too late to 
do something about it.

These figures are shown graphically in 
Figure 3. Surface water is shown in green, 
groundwater supply in brown, and you 
can see immediately that we need to 
implement the desalination plant to cover 
the demands beyond firm supply. By 2040, 
we are out of current Snake Tank rights for 
desalination supply, so we need to start 
looking for additional sources for beyond 
2040. Will that supply come from the same 
well field? This is likely as the field is 
surrounded with observation wells and the 
State Engineer wants these in place before 
the City starts pumping. The wells need to be 
monitored to make sure that the drawdowns 
do not impair downstream users. Long-
term data will tell us if that well field can 
be expanded. If not, we will need to look 
elsewhere for brackish water. 

Figure 3. Normal surface and groundwater 2015 - 2055; City of 
Alamogordo water supply.

Figure 4. Extreme surface and groundwater 2015 - 2055; City of 
Alamogordo water supply.

So, under the extreme condition (Figure 4), Snake 
Tank water rights are used up immediately, and 
we need to start looking for additional brackish 
water or consider importation. Both of these 
situations require not only the desalination project, 
but also must consider “firm” supply. You must 
be ready for extreme events. You cannot count on 
what you cannot count on.
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Some major water development projects 
are coming out of the latest plan (Figure 5). 
The first phase of the desalination project is 
a one million gallon a day replacement for 
Bonito Lake. That supply can be put back 
into the system and we can count on it. We 
are a sub-consultant to CDM Smith, which 
is a prime consultant on the project now 
under design. Ultimately, we will have 5,000 
acre-feet of desalinated water under the 
normal condition, and up to 7,600 acre-feet 
by the year 2055 under the extreme condition. 
Looking at both situations, that is roughly 
50 percent of the capacity in the system. 
Under normal conditions, are we going 
to be running the plant that long and that 
much? Probably not, but you must have the 
capability. Again, if the supply is not there 
when you need it‒and it took us 10-15 years 
to get where we are‒it would definitely be too 
late. 

The second item on Figure 5 concerns Aquifer 
Storage and Recovery (ASR). In 1997, we did a 
pilot study with John Shomaker and Associates 
to look at ASR. We have a recommendation to 
implement fully the ASR program for a conjunctive 
use management program where we could use the 
desalination plant and surface water to recharge 
the La Luz Well Field.

We also have a reclaimed water supply and 
Alamogordo uses all of this supply. There 
is a brand new wastewater treatment plant 
compliments of Bohannan Huston, and the City 
has been using all of this water on its green spaces 
for several years. That supply is what helped drive 
their GPCD (gallons per capita per day) down to 
about 130 now. You do not want reclaimed water 
counted in your GPCD, otherwise it is a double 
whammy and a disincentive. You do it because it 
is the ultimate in water conservation. If you want 
to build a golf course, great, but don’t use drinking 
water for it. Use reclaimed water for these sorts of 
things, and the City uses all of that supply except 
perhaps in the winter when there is about a 1,000 
acre-feet not used. The City has been building 
more storage, and the plan calls to use that 
remaining water in a potable water reuse project. 
The only downside to using this water on a golf 
course is that you cannot drink it, but using it for 
green spaces is probably the first and best use for it 
rather than using it for drinking water. 

Agricultural water trade may be another possible 
opportunity. Some of the reclaimed water could 
be traded for water from local farmers. In other 
words, drink the agricultural water and let farmers 
irrigate with the reclaimed water‒it is a win-win 
situation for both sides.

We are also looking at bulk-water importation 
in long-term planning. This is where the Salt 
Basin may come into play. It was discussed in 
the Tularosa Basin Regional Water Plan. By some 
accounts, there is 100,000 acre-feet of water in the 
Salt Basin. Some of it is pretty good quality with 
less than 2,000 ppm in TDS. Some parts are less 
than 1,000 ppm TDS. What opportunities lie there? 
Can that water be piped to Alamogordo? Can that 
water be piped to the Rio Grande and used in some 
fashion to help with deliveries to Mexico and/or 
Texas? This is unencumbered water and may help 
with a long-term brackish water supply for the city 
of Alamogordo.

As far as assessment needs, the City is looking 
at additional brackish groundwater availability 
for the future. Quantifying the supply in the area 
would be valuable. There is also a bulk-water 
importation strategy, which includes identifying 
possible regional partners and determining the 
quality and quantity to be imported. These are the 
sorts of items that the City’s plan is considering 
with the desalination plant being the primary 
project now underway.

Thank you.

Figure 5. Major water supply development projects for Alamogordo, 
2015 - 2055.
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Ken is currently the Utilities Director for the City of Las Vegas, NM, and has worked 
in a variety of areas within the water field beginning in 1998. His management and 
technical experience extends to a variety of settings including private, tribal, and 
municipal utilities.

Ken Garcia, Utilities

Good afternoon. I would like to start by 
acknowledging our mayor Alphonso E. 

Ortiz Jr. The mayor has been instrumental 
in pushing forward water projects from the 
funding and implementation perspectives. 
Anytime you are being innovative, there are 
a lot of barriers to get over to the construction 
phase of the project. I am going to add a 
little twist to my presentation and focus a 
bit more on the historical perspective for 
the community and how that has led to the 
current understanding of our water resources. 
I think the technical part of it is only a reality 
on the ground for the utilities. Historical, 
political, and other aspects greatly impact our 
success.

For the community of Las Vegas, the first 100 
years were marked by the settlement of the 
Mexican Pueblos, and hence Pueblo water 
rights claims (Figure 1). When I say Pueblo, 
I am talking about the Mexican Pueblos 
not the Native American Pueblos. By rapid 
development of land and water with the arrival 
of the railroad, Old Town customs were rapidly 
impacted by the U.S. expansive settlement on 
the east side of the Gallinas, which is called 
“new town.” Both towns remained separately 
governed for over 100 years east and west of 
the Gallinas, and are distinct to this day.

In 1835, the Mexican government approved a 
petition to establish a community land grant 
on the historic Santa Fe Trail. For those of you 
who may not know this, we are at the end of 
the Santa Fe Trail (Figure 2). We are also at 
the beginning of the Camino Real, which is 

Figure 1. Water supply planning needs: land and water 
development (1st 100 yrs, 1835-1935).

Figure 2. Land and water development (1st 100 yrs, 1835-1935).

City of Las Vegas
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Figure 3. The Plaza ca. 1870 on the west side of the 
Gallinas River.

the trail between Santa Fe and Mexico City. The 
community was named Nuestra Señora de los 
Dolores Las Vegas, which translates to Our Lady 
of Sorrows of the Meadows. It was developed 
around a plaza with pastures and watering places 
that were to remain common property. Figure 3 is 
a picture of the plaza in 1870. Figure 4 shows what 
the plaza in 1895 looked like, a bit more like what 
it looks like today. Figure 5 is a picture of what 
the plaza looks like today. Both sides of the plaza 
have retained most of their architectural historic 
style and they are distinctly different because the 
east side has always been heavily influenced by the 
English settlement.

Shortly after the land grant was established, Texas 
colonists declared independence from 
Mexico and formed the Republic 
of Texas (Figure 6). In 1846, after 
numerous conflicts, the US annexed 
Texas and declared war on Mexico. 
So Las Vegas was part of Texas at 
one point in time, and the Treaty of 
Guadalupe Hidalgo in 1848 brought 
the community into the United States. 
Texas subsequently transferred 
a portion of the land to the U.S. 
government and Las Vegas became 
part of the eastern part of the New 
Mexico territory. In 1860, Congress 
confirmed the Las Vegas Land Grant 
and the settlement was officially 
called the Town of Las Vegas. The 
town received a patent in 1903 in 
which they received 431,651 acres of 
land.

Figure 5. The Plaza, present day, on the west side of the 
Gallinas River.

Figure 4. The Plaza Park 1895 on the west side of the 
Gallinas River.

Figure 6. Land and water development (1st 100 yrs 1835-1935).
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Figure 7. Geomorphology.

Figure 9. Groundwater supply, Taylor Well Field.

Concerning local groundwater, Las Vegas is 
located on the border of the Southern Rockies 
and Great Plains (Figure 7). The geology, climate, 
terrain, and vegetation vary significantly from 
other provinces within the state. When I look at 
what has happened in Rio Rancho, Las Cruces, and 
Albuquerque, they are significantly different as far 
as the hydrogeology. The underlying geological 
characteristics of Las Vegas significantly limits 
groundwater supply and quality.

Figure 8 is a 3-dimensional model of our 
groundwater. Our well field is on the west side 
of the outcrop on the edge of the Rockies. The 
community is on the east side of the outcrop and 
you can see that the geology varies significantly 
on both sides. Right now we have four active wells 
on the west side and we don’t have any on the east 
side because of poor water quality and low supply. 
Figure 9 is an example of the fractured limestone 
that we have at the Taylor Well Field, where the 
supply is highly variable due to the fracturing.

The 1835 settlement on the west side of the 
Gallinas River would later become known as the 
Town of West Las Vegas (Figure 10). In 1841, the 
east side of the river was settled and became the 
City of Las Vegas, or East Las Vegas, and they are 
divided by the Gallinas River. There was also a 
community known as Hot Springs where a castle is 
located today. Both communities remained under 
separate governance until the Town and City were 
consolidated into the City of Las Vegas in 1970. 
Since we had two communities, progression from 
Mexican to U.S. governance, and private utilities 

Figure 8. Local area groundwater model.
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In 1879, railroads replaced
rutted trails and over time
the Santa Fe trail and
evidence of it faded from
sight and memory. The
changes that the railways
brought made trade along El
Camino Real much easier
and in some cases made
travel quite luxurious.

The railroad brought a new
era of prosperity to Las
Vegas. Along with prosperity
came development and
increased conflict over
exploitation of land & water.

Figure 11. The railroads brought prosperity to Las Vegas, NM. 

Figure 10. Las Vegas, NM, known as West Las Vegas in 1835, and East Las Vegas 
in 1841. In 1970, both communities were consolidated into the City of Las Vegas.

that dominated the service, we were significantly 
impacted on how water service was provided to 
the community. The other impact concerns water 
rights.

In 1879, railroads replaced the rutted trails and 
over time the Santa Fe Trail and evidence of 
it faded from sight and memory. The changes 
that the railways brought made trade along El 
Camino Real much easier and in some cases made 
travel quite luxurious. This was a time of great 
expansion in the community. For the next twenty 
to thirty years it remained one of the largest in 
the Southwest and enjoyed great prosperity. 
Along with the prosperity came development and 
increased conflict over exploitation of land 
and water. The 461,000 acres of land grant was 
pretty much gone in the first twenty years after 
it was granted by the county board that had 
received an amount of roughly $600,000 for 
it, which at that time may have been a lot of 
money; people were looking at the exchange 
of land for farming and development in what 
is now called Storrie Lake. When you look 
back at the history between 1835 and now, 
we have undergone significant changes in the 
community. I can expect that between now and 
the next 200 years, we will undergo additional 
changes, and that impacts the way we look at 
future planning. When in litigation, the courts 

want to decide things into perpetuity, and when it 
comes to water rights, it is a very difficult decision 
for the community because it will affect the 
community forever and not just the near future.

Figure 11 is an ad for Hot Springs. You can see the 
castle in the photo. The first company to provide 
water was the Agua Pura Company. Their biggest 
commodity was ice production for the railroad. 
They were advertisers of the ice which made Las 
Vegas famous. The photo shows what the upper 
town or the Hot Springs area looked like. They 
actually had fire protection in the 1880s. They had 
a steam driven pump to pump water to a reservoir 
above the castle. Despite this, the first hotel burned 
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down after only two years. The current day castle 
is the third iteration of those hotels.

Figure 12 shows the ice ponds that made up 
Agua Pura and which are located about nine 
miles northwest of Las Vegas. This is where we 
divert the water. Each one of the dashes indicates 
where a dam was located at one time. You can 
see our sedimentation pond and the diversion is 
probably about three miles up from the castle.

Figure 13 shows what the ice ponds looked 
like at the time. Figure 14 is a picture of the ice 
cutting in the pond areas. An article in 1913 
indicated in the U.S. Record, that the Agua Pura 
Company was cutting nearly a thousand tons of 
ice daily from the ponds in Hot Springs canyon. 
Nine ice houses were filled and contained 25,000 
tons of ice for the Santa Fe Railway system from 
Dodge City, Kansas to El Paso, Texas.

Figure 15 gives you an idea of major droughts 
that we have had over the past centuries. One 
thing you notice is that Agua Pura provided 
water service as well as ice production. In the 
drought during the early 1900s they actually built 
a dam called the Peterson Dam, which holds 200 
acre-feet. After the drought of the 1950s, Bradner 
Reservoir and Taylor Well Field were build. Then, 
in the 1990s the City signed a 20-year lease with 
Storrie Lake for about half of its storage.

Figure 16 is a graph showing the mean flow in 
the river during the past year. In the red you 
will see the runoff coming from spring melting 

Figure 12. Ice Ponds - The city water system diversion 
nine miles from Las Vegas.

Figure 14. Ice Ponds - Agua Pura Company was formed shortly after the 
arrival of the railroad.

Figure 13. Ice Ponds – #4 & #5.
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Figure 15. Improvements in drought resiliency. 

of snowpack. Normally you will see a peak in 
the later part of summer from the monsoons. In 
2012, there was a peak, but in 2001 there is no 
peak. This affects our reservoir storage. In 2013, 
we saw no runoff and had some significant 
rainfall events in September. Then in 2014, there 
was still very little snowpack runoff. One of 
the things you will also notice over the years is 
the snowpack runoff coming sooner during the 
year.

Figure 17 is a compilation of the litigation 
history. I’m going to thumb through the next 
slides. Figure 18 is a picture of our 
water system components. Figure 19 
shows low flow at Gallinas Creek, 
while Figure 20 shows the September 
2013 flooding. Figure 21 shows the 
sedimentation pond and Figure 22 
shows Peterson Reservoir, which 
was built by hand using a wheel 
barrow. Bradner Reservoir is shown in 
Figure   23.

I won’t go into the details today about 
groundwater. As far as our 40-year 
plan goes, we are working on the 
first four years and the costs are an 

estimated $80 million; we have been able to raise 
$45 million for construction and $6.5 million 
for design. We are still looking at a $28 million 
gap that will come from rate increases or future 
funding. Figure 23 shows preliminary results 
useful in evaluating various drought pumping 
scenarios and in groundwater management. There 
are many areas where we still need additional 
information.  
 
Thank you.

Figure 16. Rio Gallinas flow condition.
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Figure 17. Water Rights Litigation History. Litigation – the 2nd 100 years has been plagued by Continued Water Rights 
Uncertainty.

Figure 18. Water System Components. Infrastructure – in 2011, the city completed a comprehensive system study.
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Figure 20. September 2013 flooding of Gallinas Creek.

Figure 21. The sedimentation pond reduces sand and silt 
loading on city reservoirs.

Figure 22. Peterson Reservoir (view from NW bank).

Figure 19. Low flow at Gallinas Creek.

Figure 23. Bradner Reservoir.
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Steve Harris is Executive Director of Rio Grande Restoration non-profit river 
conservation group dedicated to the protection of the ecological and economic values 
provided by the Rio Grande. In this capacity he writes, speaks and advocates for the 
resolution of river issues, especially policies to protect flowing water. He participates 
in public policy forums, such as regional water planning and manages the Rio Chama 
Flow Project. Steve is also, since 1976, the owner of the river touring company Far-
Flung Adventures, which has introduced thousands of persons to the Rio Grande. He 
resides in a small riverside village in northern New Mexico, at the bottom end of the 
acequia del ojo.

Steve Harris, Rio Grande Restoration 

I’m truly grateful that Cathy Ortega Klett has 
again invited me and Sam Fernald has again 

consented, to my exploring for the next 10 or 15 
minutes the water needs of New Mexico rivers, 
how to assess these needs and how, in policy, New 
Mexico might better accommodate such non-
consumptive uses.

I’ve accepted the assignment to represent 
“Environment” as a stakeholder with identifiable 
needs. I’m probably better qualified to represent 
the “eco-tourism” industry (river-running, fly-
fishing and hunting guides and their avocational 
counterparts), which together comprise a 
substantial portion of the state’s present economy, 
as well as one whose future potential is much more 
significant than its present state of development 
would suggest.

In fact, as a practical matter, the water needs of 
nature and nature tourism are identical: supply 
a river’s minimum needs and you also supply a 
river-runner’s, as well. As one boater participating 
in the Rio Grande Restoration’s Rio Chama Flow 
Optimization Project put it, “we see how natural 
rivers function and that’s part of the appeal of our 
sport.”

I’d go one step farther and say that the health of 
rivers is important to all water users, as an array 
of monetizable “ecosystem services” enjoyed 
by petroleum, farming, ranching and water 
supply industries and all of us. Critical functions 
such as water and nutrient distribution, flood 

attenuation, sanitation, sediment removal, and 
provision of habitat for fish and wildlife contribute 
tremendously to human economies, not to mention 
important intangibles such as the spiritual, 
recreational, and quality of life values supported 
by the hydrologic system.

In 1988, when I first became fully-aware of how 
poorly our legal/administrative system was 
adapted to supplying the water needs of nature, 
there was a broad consensus in the state that so-
called “in-stream flows” (or water flowing in river 
channels) were NOT, legally speaking, “Beneficial 
Uses” of water (were more like “Non-uses”).

Who here today believes that environmental flows 
are not a beneficial use? Clearly, the old consensus 
on the in-stream flow question is no longer much 
in play. Having seemingly cleared the conceptual 
hurdle about rivers-as-water-users, we may now 
be free to address the more complicated question 
of whether (and what) we can do about it. Given 
sufficient attention to the issue, we can probably 
make a satisfactory arrangement for permitting 
water rights for rivers in New Mexico in the next 
27 years.

An opportunity for beginning to move in that 
direction would be to begin to conceive of nature 
as a water-using sector, like agriculture, municipal, 
industrial and domestic sectors, and in state and 
regional water planning exercises. Unfortunately, 
the current round of water planning has been 
designed to continue to not examine this issue.

Assessing Environmental and Nature Tourism 
Water Needs
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And so I wonder whether WRRI’s Statewide Water 
Assessment might be an appropriate framework 
for beginning to tackle the issue. Surely, no 
one’s “ox will be gored” by simply exploring the 
dimensions of a problem that many of us here 
today consider an important part of the water 
challenge that confronts us.

So far as I know, the State of New Mexico 
has never undertaken an assessment of the 
condition of its rivers. However, in 2011, Rio 
Grande Restoration, with assistance from the 
Nature Conservancy and Tetra-Tech, obtained a 
Watershed Assessment Grant from the EPA and 
commissioned an Index of Hydrologic Alteration 
study of changes in stream flow at USGS stream 
flow gauges in our five major river basins.

The results indicated that natural functions of 
more than two-thirds of rivers in New Mexico 
have been dramatically altered by dams, surface 
water diversions, groundwater pumping, and/or 
channelization and suggested that many of these 
impacts could be eliminated or reduced by greater 
attention to stream ecology by water managers. 
Figure 1 from the study shows the general degree 
of alteration: the darker-colored watersheds being 
least altered, the lighter ones more altered. It 
suggests that the dark-blue, least altered streams‒
the Rios Chama, Costilla, Red and Gila might be 
most easily protected, while the others are in need 
of restoration.

What this study did not do, and what we now 
need, is an assessment addressing the question: 
“How Much Water Do our Rivers Need?”

There are some well-developed assessment tools 
for answering this question. A method developed 
in Australia and used there to establish stream flow 
prescriptions during the “Millennium Drought,” 
as well as by our neighboring state of Colorado 
in their Instream Flow Water Rights Program, is 
called ELOHA (Ecological Limits of Hydrologic 
Alteration.)

Figure 2 shows the main components of the 
process. This method has been applied a couple 
of times in New Mexico‒by us on the Rio Chama 
and by The Nature Conservancy on the Gila River. 
If ELOHA assessments on New Mexico’s other 
four river basins were to be included in the NM 
WRRI Statewide Water Assessment that we have 
been discussing here today, the “New Mexico 
Evaluation” I just talked about what would give 
investigators a leg up on a statewide assessment by 
having synthesized hydrologic data. This would 
leave two major tasks:

• Acquiring ecological data (some of which 
exists-especially on the Rio Grande) and

• Constructing, by means of an expert work-
shop, the Flow-Ecology Relationships that 
are the ultimate output of such a study.

(Note: Figure 2 also illustrates the concept of “Flow 
Thresholds,” below which river and riparian 
ecosystems come unraveled. This river reach 
has clearly sunk below the threshold, though 
the tipping point between river health and river 
mortality has yet to be determined.)

Figure 1. Intact vs. altered river segments in NM.

Figure 2. Flow thresholds. Credit to The Nature 
Conservancy website: http://www.conservationgateway.
org/ConservationPractices/Freshwater/
EnvironmentalFlows/MethodsandTools/ELOHA/Pages/
ecological-limits-hydrolo.aspx.



Inputs to New Mexico’s Water System and Stakeholder Needs from a Statewide Water Assessment

59th Annual NM Water Conf., New Mexico’s Water Future: Connecting Stakeholder Needs to Water Information

99

Figure 3. ELOHA evaluations by Colorado on all of its 13 river basins.

An assessment does not quite get us to a river 
protection program, but DOES give us data and 
useful information to talk about. Colorado is in 
a process of performing ELOHA evaluations 
on all of its 13 river basins (Figure 3). Texas has 
initiated a process similar to ELOHA, with a 
unique implementation program; the TCEQ 
Environmental Flow Program has two tracks:

• An expert science team determines flow 
targets for each river basin and

• A stakeholder team, with representation of 
major water user interests, proposes practi-
cal implementation measures.

The point is New Mexico does have relevant 
models for addressing the minimum water needs 
of its rivers. But, as in many other fields, we are 
lagging behind. The experience throughout the 
West is that to attend to nature in the way I’m 

suggesting, society begins to learn how to turn 
conflict into cooperation and uncertainty into cold-
eyed view of our water resource challenge.

As we catch up in understanding our highly 
integrated hydrologic system, we should also 
move toward a deeper understanding of the limits 
and boundaries of, and our many opportunities to 
better secure, the functional condition of our rivers.  
Before we can hope to protect and restore the 
foundation of our water system, we need to focus 
some of our research budgets on determining flow 
needs, starting now. 

Environmental flows help to preserve the 
innate resilience of aquatic ecosystems, 
and thereby offer the promise of improved 
sustainability and well-being for people as 
well as for ecosystems.
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Steve Henke was selected as President of the New Mexico Oil and Gas Association 
in August 2010. Steve has lived and worked in New Mexico for close to 50 years. 
He graduated from Alamogordo High School and from New Mexico State University 
in 1977, with a BS in agriculture. Steve had a 34-year career in New Mexico with 
the Bureau of Land Management culminating with eight years of service as District 
Manager for the Farmington District. Steve consistently practiced and promoted 
collaborative resource management on a variety of contentious issues while with 
the BLM, including: oil and gas leasing and development in the San Juan Basin; 
balancing endangered species protection with natural resource use; and balancing 
traditional land uses with environmental initiatives.

Steve previously served as Executive Director and BLM Coordinator for the Southwest 
Strategy, an interstate, interagency, intergovernmental effort to develop capacity 
for collaborative resource management conflict resolution in Arizona and New 
Mexico. He has been recognized for his contributions to New Mexico, and is known 
for his ability to balance competing interests with workable solutions. Steve appreciates the contributions the oil and 
gas industry makes to the quality of life of all New Mexicans, not just in jobs, income and taxes; but in the generosity 
and commitment member companies and their employees have in their communities. He looks forward to the challenge 
of protecting and promoting New Mexico’s vital oil and gas industry while working productively with legislators and 
regulators within the state.

Steve Henke, New Mexico Oil and Gas Association 

Thanks, it is a pleasure to be here. I am the 
president of the New Mexico Oil and Gas 

Association and I represent 300 employee 
companies that drill for and produce 95 percent of 
the oil and gas in New Mexico. I will talk a bit at 
the end of this presentation about our water use, 
but I want first to frame the amount of water that 
we are using with some industry perspective in 
terms of where we are at, where we are headed, 
and some of the economic impact that the industry 
has on New Mexico. Figure 1 shows the producing 
basins in the state. Natural gas production is 
primarily in the San Juan Basin. There is oil and 
associated gas in the Permian Basin, a little bit 
of coalbed methane in the Raton Basin on Ted 
Turner’s place, and then CO2 out of the Bravo 
Dome.

In terms of production trends, natural gas is going 
down primarily because there is a glut of natural 
gas in the United States due to the revolution 
brought about by horizontal drilling and hydraulic 
fracturing (Figure 2). Natural gas is cheap and 
projected to be cheap for a couple decades. So we 
are likely to see continued production of natural 
gas out of the San Juan Basin. The only growth 
area we see is the gas out of southeastern oil wells. 
When you drill oil and bring it to the surface, you 
also get some associated natural gas; we peaked in 

Producing Counties

• San Juan
• Rio Arriba

• Colfax
• Sandoval
• McKinley

• Lea
• Eddy

• Chavez
• Roosevelt

Raton 
Basin

Figure 1. New Mexico, an oil and gas producing state.
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Figure 2. Natural gas production (mcf).
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Figure 3. Oil production (barrels).

primarily in the form of royalties. All citizens of 
New Mexico are royalty owners on state land that 
accounts for 30 percent of the production. You 
are royalty owners on federal land as well, which 
accounts for 50 percent of the production in New 
Mexico. That money goes right into the state’s 
general fund. The state Land Grant Permanent 
Fund has over $12 billion and is built primarily 

from royalties on state land from the 

$505  million

$424 million

*$942.6  million
$152.9 million

*$440 million

*$176.2  million$86  million

Amounts in Bold Total $2.0 Billion * Asterisked Amounts Total $1.4 Billion

Severance Taxes, Rents & Royalties:
•Oil and Gas Emergency School Tax
•Oil and Gas Conservation Tax
•Natural Gas Processors Tax
•State Share of Federal Mineral Leasing 
Royalties, Rents, Bonuses
•State Land Office Rents, Bonuses , etc.

Property Tax 
Obligations:
•Ad Valorem 
Production Tax
•Production 
Equipment Tax

•Oil and Gas 
Severance Tax

Oil and Gas 
Royalties on 
State Trust Lands 

$339 million

Figure 4. Revenue from the oil and gas industry, FY 2013.

Figure 5. Horizontal drilling and hydraulic fracturing.

oil and gas industry—that is about 
31.5 percent of the general fund that 
our legislature appropriates year in 
and year out. It is largely attributed to 
royalties and taxes paid by the oil and 
gas industry.

I wanted to talk briefly about the 
new technology that is vital to this 
industry - horizontal drilling and 
hydraulic fracturing (Figure 5). This 
new technology is needed to make 
these unconventional resources able 
to be developed. We drill down 
6,000-7,000 feet and then kick off 
horizontally and go out as far as two 

In terms of jobs and economic impact, there 
are over 100,000 direct, indirect, and induced 
jobs in New Mexico. There are 99 drilling rigs 
currently operating in the state. Each one of those 
rigs employs roughly 50 employees at twice the 
average salary level in New Mexico. Figure 4 
has one of my favorite charts. The bottom line is 
that we have a $5.4 billion state budget and $1.4 
billion of that comes from the oil and gas industry, 

the early 2000s with the northwest gas wells, which 
are primarily coalbed methane. That trend is not 
likely to be reversed anytime soon.

Oil on the other hand is trending upwards 
(Figure   3). We produced over 100 million barrels 
in 2013 and we will exceed that in 2014. That trend 
is likely to continue. Although, as you are aware, 
with $2.50 per gallon gasoline prices and with a 
barrel of oil in the high $70s, if prices continue to 
slide, we might see a reduction in drilling for oil in 
southeastern New Mexico.
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Figure 6. Safety through proper wellhead construction.
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Figure 7. New Mexico water use by categories 2010; 
Source: New Mexico Office of the State Engineer 
Technical Report 54.

miles now. Then we shoot off small fractures in as 
many as sixteen stages. We then inject a gel at very 
high pressure that fractures the shale rock. That gel 
has fine sand particles in an emulsion that shoots 
into those fissures and holds those cracks open 
where hydrocarbons can then flow into that bore 
hole. Most of the time we are 5,000-6,000 feet below 
the fresh water aquifer.

There is a lot of concern about hydraulic fracturing 
and potential contamination of groundwater. I 
want to assure you that my member companies are 
very concerned as well, and it is well regulated by 
the state. There are at least two layers of cement 
and steel between the well bore and the fresh 
water aquifer (Figure 6). It is inspected by state 
and Bureau of Land Management inspectors with 
a high level of compliance. It is safe. There are 
tens of thousands of wells that are hydraulically 
fractured in this country every year, and there is 
not a single documented case of contamination 
between the production zone and what goes in and 
out of that bore hole and the fresh water aquifers.

We do use water for hydraulic fracturing, and 
we get all that water from permitted sources 
within the adjudicated system in the state of 
New Mexico. We use surface water, fresh water 
wells, and municipal systems. We are also reusing 
flowback water and utilizing produced water 
as well. All the wells in 2013, according to the 
State Oil Conservation Division, used 5,325 acre-
ft of water to hydraulically fracture about 1,700 
wells that were drilled in the state (5,325 acre-ft x 
325,851 gallons per acre-ft = 1,735,156,575 gallons 
used for hydraulic fracturing in 2013). So, if it 
was all fresh water, which it is not, that is still less 
than two tenths of one percent of the total water 
appropriated in the state (5,325 acre-ft used for 
hydraulic fracturing /3,815,945, or total water 
use in acre-ft, = .14% water used for hydraulic 
fracturing in 2013). I would say that is a pretty 
good return on your investment if you get over 31 
percent of your fiscal budget from two tenths of a 
percent of the appropriated water.

Figure 7 is a pie chart that illustrates this point. Oil 
and gas is lumped with mining in this chart and 
together they are less than one percent of the water 
use in the state.

My message is that the oil and gas industry is 
trending downwards in terms of water use in the 
state. Chemists for the service industries such as 
Haliburton or Schlumberger are completing these 
wells and figuring out how to use produced water. 
For each gallon of oil that comes to the surface 
through a pump jack, there is about six or seven 
gallons of very salty water that comes up as well. 
Rather than looking at all of that as a disposable 
waste, we want to look into the increased use of 
that water for hydraulic fracturing. Chemists are 
working on that issue and are making headway. 
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Rather than dispose of what is used in one 
hydraulic fracturing job, we have gotten approval 
now to use large pits through rule making to 
reuse and recycle that fracturing flowback. Some 
of that rule making is in progress with the Oil 
Conservation Commission, particularly the use of 
produced water.

Increased technology and innovation in fracturing 
fluid chemistry will continue to reduce our use 
of fresh water in the state. We understand that 
we need a social license to operate in the state 
and even though our water use is fairly small, 
any fresh water use in the state that we can save 
is beneficial. Also, the oil and gas industry will 

Lucia Sanchez is a native of Alcalde, New Mexico. Like several generations before 
her, Lucia is a farmer who raises many traditional agricultural crops and livestock 
with her family. For the past ten years, Lucia has served her traditional community 
irrigation system as an elected official on Acequia De Alcalde commission. The Acequia 
De Alcalde is one of many centuries-old irrigation and water governances systems in 
New Mexico. Lucia currently works for the County of Rio Arriba as the Director of 
the Planning and Zoning. For Lucia, no one-day is ever alike. Her responsibilities 
range from the oversight of technical and clerical personnel to the administration of 
the various codes and ordinances related to land use planning in the County. Lucia’s 
earned degrees include a 2004 B.A. in Anthropology and a 2004 B.A. in Spanish from 
the University of New Mexico. Most recently in April of 2014, Lucia was selected by 
the New Mexico Floodplain Manager’s Association as Floodplain Manager of the Year 
for outstanding dedication and achievements displayed in floodplain management 
issues to better serve the citizens of Rio Arriba County. In addition to her work for 
the acequia and Rio Arriba County, Lucia’s passions include advocating for the protection of irrigated agricultural lands, 
beekeeping, traveling and teaching her young nephew about traditional agricultural practices.

Lucia Sanchez, Rio Arriba County

Good afternoon everyone and thank you for 
having me here today. Today, I would like 

to focus primarily on Rio Arriba and its land use 
and how partnerships between New Mexico State 
University and the Alcalde Science Center have 
helped water managers like myself better manage 
our water system.

Rio Arriba County is almost 6,000 square miles 
in size. Of that land base, only 22 percent is held 
privately. The remaining portion is Bureau of 
Land Management (BLM), Forest Service, tribal 
lands, and a small amount of state lands. Of the 
22 percent privately held land, a large portion is 
irrigable. Rio Arriba County policy throughout its 

land-use history has been a pioneer in its ability to 
preserve irrigated agriculture through its land-use 
governance. I do not believe that there is another 
county like it anywhere in the country.

Because of the very small portion of private 
lands within the county, and the fact that they 
are irrigable, private land owners are allowed, 
by ordinance, to develop up to 30 percent of the 
private land, leaving 70 or more percent of the 
land for open space. One of the main reasons 
for that [open space] is because of the issues we 
have regarding acequias, mutual domestic water 
systems, and other utility infrastructure.

pay anywhere from a 20 to 30 percent premium 
to make produced water or recycle water suitable 
for hydraulic fracturing. That is an investment 
the industry is willing to make for community 
support and social license to operate in the state. 
We are a participant in the state and we want to 
work cooperatively to ensure that we protect the 
precious water resources in the state through 
engineering, well-bore design, and safe practices. 
Secondly, we want to reduce our overall impact 
on the system that is obviously under stress. I 
appreciate the opportunity to be here today.  
 
Thank you.

Alcalde Acequia Commission
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Most of New Mexico, as you know, remains very 
rural. I would like to see a show of hands as to how 
many of you caught the 60 Minutes show this past 
Sunday evening with Lesley Stahl. She had a very 
interesting 15-minute piece on how groundwater 
is being depleted in the state of California, and 
how groundwater is being pumped at an alarming 
rate. As you may know, California is responsible 
for 25 percent of the nation’s food supply. Realities 
facing California make me appreciate partners like 
Dr. Fernald and the research being done at the 
Alcalde Science Center because it makes us better 
water managers and better equipped to handle the 
demand of downstream users.

Rio Arriba County is home to almost 300 acequia 
systems. Figure 1 has an image of those taking 
part in our annual limpia that we have as an 
acequia commission at Alcalde. We have close to 
200 community members that come out annually 
for the cleaning. It is a great opportunity for 
community members to come together to socialize, 
get caught up on events in the community, and 
to have another social event before it is time to 
hunker down for the winter. Acequias provide 
a lot of social and cultural significance to the 
communities. For most of the communities, the 
annual cleaning is a sort of rite of passage for many 
folks. One of the rules on our commission is that 
if you are tall enough to hold a shovel then you 
are old enough and tall enough to come out and 
work. As you can see in Figure 2, it is often a lot 
of young folk integrated with older members of 
the community having a chance to get together, 
work, and talk. Over the last ten years, I have 
walked the acequias as a commissioner, and that 
is one role that I never thought I would be doing. 
Traditionally, it was my role and my mother’s role 

Figure 1. La Limpia.

Figure 2. Rite of Passage.

to stay home and prepare the meal for the workers, 
and make sure it was ready for Dad to come in and 
eat. But with the transition that we experienced on 
our commission, almost ten years ago I was tasked 
with the role of actually being on the governing 
board. Part of my responsibilities is to help other 
elected officials and our Mayordomo with the 
annual cleaning to make sure that the work is 
equitably dispersed among land owners and that 
we keep good records on who showed up to clean. 
That information will later go into our financial 
records for billing and so forth. The commission 
is run very much like a utility. We estimate that 
a large portion of our revenue comes from the 
annual cleaning and upkeep throughout the year. 
It also pays the salary of the Mayordomo who is 
tasked with making sure that the water passages 
are clear of debris and at maximum capacity.

The acequia in Figure 3 is over 6 miles in length, 
almost 20 feet wide, and in some areas about 8-10 

Figure 3. Cooperation matters... especially in times of 
drought. Rio Grande 2012.
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Figure 4. Organization and cooperation.

I took this photo of the Rio Grande in 2012 
(Figure   3). How many of you have ever seen the 
river this low in northern New Mexico? Normally 
this is an image that you would see down south. 
I was actually standing on the presa, which is the 
inlet to our acequia, and I was able to walk across 
the river to the other community on the western 
side without getting wet. At this point, we were 
still diverting enough water into our acequia 
system to the point that we were not forced to go 
into a water sharing schedule at Alcalde. We do 
have a sharing system planned and anticipated for 
in our bylaws‒from one section of the acequia to 
another, people would only be allowed to irrigate 
on certain days. Fortunately, the rains came, and 
we were not forced to go into a water sharing 
situation. Had we needed to though, we had called 
several emergency meetings, and we included 
Steve Guldan who is the superintendent from the 
Alcalde Science Center because we wanted to make 
sure that when we were deciding on the schedule, 
we would not be interrupting the research and 
science that was being done with test crops and so 
forth. It was a tense time for us given that we had 
never had to share water before, but fortunately, 
we got through it. I think that planning and a sense 
of community and cooperation prepared us well 

as water managers to anticipate any of those wars 
that tend to break out over water. One of the first 
things that Lesley Stahl said was that it has been 
said that the wars of the twenty-first century will 
be over water. I thought to myself, geez, she hasn’t 
been to New Mexico or an acequia meeting in 
northern New Mexico. 

Figure 5 shows a graph based on research that 
Sam Fernald and his team have done on land use 
in the Alcalde corridor. If you look at the first 
set of imagery in 1962, it shows development in 
magenta and below that are the irrigable lands. In 
1997 you see an increase in those populated areas 
and again in 2003 with even more population.

Going back to Rio Arriba County, the 
communities of Alcalde and Chimayo are in the 
Jemez and Sangre de Cristo regional planning 
area. I have to send a quick shout out to Angela 
Bordegaray and her herculean effort in trying to 
get 16 regional water plans updated. It is no small 
task, especially when you are dealing with such 
complicated and diverse systems and issues. In 
Figure 6, you can see why I say that partnerships 
matter so much. If you look at the highlighted 
areas bordered in yellow, you see the Alcalde 
Science Center at the bottom and above it is about 

seven-tenths of a mile along the acequia where my 
family farm is located. You can see the Rio Grande 
running down the middle. All of the imagery that 
you see in blue is the FEMA designated flood 
zone. What is most significant about this image, 
compared with the previous slide, is that irrigable 
lands and open space are being encroached upon 
by the developable drylands. The two white parts 

Ortiz, M.A.; Brown, C.; Fernald, A.; Baker, T.; Creel, B.; Guldan, S. Land 
use change impacts on acequia water resources in northern New 
Mexico. J. Contemp. Water Res. Edu. 2007, 137, 47–54.

Figure 5. Land use.

feet deep‒it is almost a miniature river. Figure 4 
shows me, our record keeper Alfredo Montoya 
who is also a county commissioner, another 
commissioner Robert Garcia who helps us on the 
board, and our Mayordomo who helps us make 
sure that on the days that we are conducting 
these types of activities, we are well organized, 
prepared, and able to anticipate any major projects 
that may need to happen later in the year.
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 Lucia Sanchez

Figure 6. Partnerships matter.

of the map are BLM lands. 
Development is forced to 
occur along the riparian 
corridor. Right now a big 
part of the research that is 
being done at the Alcalde 
center demonstrates to me 
as a farmer and a water-
right user how significant 
it is to have open space 
when you do not have 
infrastructure like sewer 
systems. On the 60 Minutes 
show, Lesley Stahl talked 
about drinking reclaimed 
water that comes from a 
sewage plant. So if you 
live next to a municipality 
that reclaims water, that is 
pretty much what you are 
drinking.

Figure 7 is an image of 
Sunday’s snowfall. Our 
acequia is still running. 
Part of what we, as water 
users, are looking to 
Sam and his team for 
is information about how we can continue to 
contribute to the health of the riparian areas‒how 
to positively affect groundwater, because most 
houses are on separate septic systems. If it wasn’t 
for this open space, the designation of land use, 

and the county’s foresight 
to protect this space, 
we would all be super 
saturated in poop. That 
is pretty much what we 
have learned from the 
studies. The significance 
of groundwater is 
phenomenal. It is 
important to note that 
even though Rio Arriba 
County is home to the 
mighty Rio Chama, Rio 
Grande, several other 
streams and rivers, 
as well as almost 300 
acequia systems in Rio 
Arriba County, the only 
water that is owned by 
the county is owned by 
private land owners on 
their private parcels. That 
is how we are using land 
use regulations to control 
land development on that 
precious resource. We 
depend on it for recharge, 

riparian health, and also to grow the food and fiber 
products that have been so much a part of many 
generations of land owners on the land.

Figure 8 is a picture of some of the land on my 
farm in the fall. You can see the acequia running in 

Figure 8. Riparian and ecological health.

Figure 7. Groundwater and surface water.
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Through the Alcalde center studies, we are also 
learning about better management practices for 
maintenance and erosion control. The ecologist’s 

Figure 9. Food and fiber production.

Figure 10. Maintenance and erosion control.

motto is that we are all downstream. The better 
we manage the water up north, the better off 
downstream users will be. Figure 10 is an image 
of our acequia and beyond this area are tribal 
lands. In times of drought, plan for flooding, and 
in times of flooding, plan for drought. That is 
exactly the type of situation that we are in right 
now. Lands that are largely fallow have eroded 
and caused damage to many of our stream banks. 
Instead of doing what many people try to do by 
putting a band-aid on a shotgun wound, we are 
trying to better manage and place erosion control 
projects along our own system. While some say 
that all we need to do is get a backhoe in there, or 
throw in some tire bales, we just shake our heads 
and say no. All we need is for one of those wires 
to break, and we will have tires all over the place. 
We ended up getting several one-ton straw bales, 
rip rap, some metal posts, and realigning that 
section of the acequia. Just a couple of months later 
when there was water in the acequia, you could 
see the vegetation, regrowth, and stabilization of 
the stream bank. We know that there are better 
methods for erosion control and better ways to 
conduct maintenance.

A large part of what we do as water managers is 
because of our quality of life. Most people don’t 
know where their food comes from or where their 

the foreground with the vegetation on the stream 
bank, and down below you enter into another tier 
of agricultural production with alfalfa fields, some 
more water tolerant grasses below that, and then at 
the end, which is in the flood plain, is what we call 
vega or stedo. Those are areas with supersaturated 
soils that are not suitable for conventional septic 
systems, infrastructure, or housing. So in reality, 
as a land owner, I think it was a real shock to learn 
what Rio Arriba County had pioneered as far as 
land use. I can’t imagine the cost and impact to the 
riparian areas of putting in a home on land that is 
totally unsuitable for development.

Figure 9 has a couple of images of my farm that 
shows how we are able to divert water from the 
main acequias to the lateral acequias, and then 
with control methods we are able to irrigate row 
crops for food production. Another interesting fact 
is that while California produces 25 percent of our 
nation’s food and fiber, Rio Arriba County supplies 
a large part of the food supply for Santa Fe County 
while Rio Arriba remains a food desert. Rio Arriba 
County has embarked on getting farmers and 
producers access to more USDA resources, which 
has helped us address the need and concerns 
of our own people who do not get the dietary 
nutrition that they should from crops grown 
locally. We are starting to reverse that trend. It is 
similar to the City of Las Vegas and the railroad. 
Likewise, Española, along the corridor of the Rio 
Grande, used to have the Chile Express and it was 
a large economic stimulator.
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 Jose Varela Lopez

Figure 11. Food security and quality of life.

Jose Varela Lopez, New Mexico Cattle Growers’ Association

Mr. Varela Lopez is president of the New Mexico Cattle Growers’ Association, which in 
2014 is celebrating 100 years of work on behalf of the state’s cattle industry. He is a 
member of several local and national cattle associations, and ranches near the village 
of La Cieneguilla in northern New Mexico, where his family has been since the early 
1600s. He is also the executive director of the New Mexico Forest Industry Association, 
having held that position since the spring of 2011. He is the immediate past chairman 
of the New Mexico Soil and Water Conservation Commission having served as Region II 
commissioner since 2007. Mr. Varela Lopez has also served as a supervisor on the Santa 
Fe-Pojoaque Soil and Water Conservation District as an elected official since 2005, is 
a former Santa Fe County Commissioner and holds a BBA degree from the Robert O. 
Anderson School of Business at the University of New Mexico.

Inputs into the state’s water system vary widely 
across agriculture and much is made about 

water use, but rarely is the value of the end 
product to society considered when discussing 
agricultural water use.

New Mexico’s ranches vary widely in terms of 
size, vegetative productivity, stocking rates, water 
availability and infrastructure. However, it is 
a certainty that ranchers rely on groundwater, 
surface water, or both, to bring a product to 
market.

Another aspect of the overall water equation is the 
on-going debate about the amount of water cattle 
use to satisfy their needs. Although the question is 
a simple one, the answer is dependent on a number 
of factors that literally change on a daily basis.

The one certainty is that cattle need water, and 
if the current drought has finally broken, it is 
reasonable to assume that ranchers will begin the 
process of re-stocking the range to better serve 
people’s nutritional needs, and that’s going to 
require water.

water comes from. Rest assured, the work that is 
being done at Alcalde is going to impact the state 
of New Mexico in a phenomenal way because it 
impacts everybody in the state. If you eat, it affects 
you. If you drink water, it affects you. Ultimately, 
our food security and our way of life with our 
customs, culture, and traditions will be enhanced 
by better management practices (Figure 11). 

That is all I have today. I thank you for giving me 
a listening ear, and if you would like to see all this 
in person in early March, we will be having the 
annual cleaning. If you are old enough and tall 
enough to hold a shovel, I welcome you to come on 
over, and I’ll give you a tour.  
 
Thank you.

Ranching
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Regional Water Budget Model: The Middle Rio Grande
Bruce Thomson, The University of New Mexico

Bruce Thomson will be retiring from the University of New Mexico where he is a 
Regent’s Professor in the Department of Civil Engineering at the University of New 
Mexico and is Director of the UNM Water Resources Program. He has a BS degree in 
civil engineering from the University of California at Davis, and MS and PhD degrees 
in environmental science and engineering from Rice University, Houston, TX. Bruce 
teaches in the areas of water chemistry and treatment, ground water hydrology 
and remediation, and water resources management. Recent research has included 
projects on water resources of New Mexico, the impact of energy and mineral 
development on water resources, and water reuse and treatment. He has served on 
many federal, state and local committees involved with management and protection 
of water resources. Bruce was recently elected to the Board of Directors of the 
Albuquerque Metropolitan Arroyo Flood Control Authority (AMAFCA). He is a licensed 
Professional Engineer in the State of New Mexico and received the 2013 New Mexico 
Public Sector Engineer of the Year award.

Editor’s Note: Audio was not available for transcription of this presentation. 
We have provided instead Bruce Thomson’s presentation slides.

Figure 1. MRGWA water budget task force members.

Figure 2. Introduction and objectives.

Figure 3. What is a water budget (water balance)?

Figure 4. Two notable previous water budgets.
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Figure 5. Boundaries of water budgets.

Figure 6. The problem with averaging.

Figure 7. The problem with averaging (cont.).
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Figure 9. MRGWA water budget-wiring diagram.

Figure 8. The problem with averaging (highly stochastic system).
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Figure 10. SSPA water budget by proportional flows. 
Budget for avg. conditions in 2000.

Figure 11. MRGWA 2014 water budget update.

Figure 12. MRGWA 2014 water budget  
(1975-1997 data).
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Figure 13. Changes over three budget periods.

Figure 14. Changes over three budget periods (cont.).

Figure 15. Little change in groundwater recharge over 
three budget periods.
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Figure 16. 2008-2012 budget.

Figure 17. 2008-2012 details: municipal and industrial use.
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Figure 19. 2008-2012 details: groundwater.

Figure 20. The MRG water problem as a venn diagram.

Figure 18. 2008-2012 details: ag. and shallow groundwater.
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Figure 21. The Grand Challenge: three questions.

Figure 22. Concluding thoughts.
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Groundwater Level and Storage Changes –  
Regions of New Mexico
Stacy Timmons, NM Bureau of Geology and Mineral 
Resources, NM Tech

Stacy Timmons manages the Aquifer Mapping Program at the New Mexico Bureau of 
Geology and Mineral Resources at New Mexico Tech, in Socorro. Working with the 
Aquifer Mapping Program, she has been involved with several large-scale, long-term 
hydrogeologic studies focused on geologic influences on recharge, and groundwater 
movement and occurrence. Stacy has worked in diverse locations over New Mexico, 
including the San Agustin Plains, Magdalena, northeastern Tularosa Basin, Truth or 
Consequences hot springs district, La Cienega wetlands, and southern Sacramento 
Mountains. She has managed the Aquifer Mapping Program since 2013. This program 
aims to combine geologic, hydrologic, geochemical, and geophysical data to develop 
regional conceptual models to describe groundwater flow within aquifers in New 
Mexico. This work serves the state of New Mexico by providing publicly available 
reports and data that can be applied to decision-making and water resource 
planning. Stacy has BS and MS degrees in geology and has worked in hydrogeology for 
the Bureau of Geology since 2004. Prior to working at the Bureau of Geology, Stacy 
worked in environmental, groundwater, and surface water consulting in New Mexico. 

Description of Project

Changes in water levels can reflect very relevant 
water issues in the arid southwest, such as 

variations in nearby surface water, fluctuations in 
recharge, and changes in the ground water storage 
(Figure 1). For this study, we will compile water 
level data, in an effort to begin development of 
a statewide water level change contour map. We 
will develop maps showing contours of changes 
in water levels within several select basins. 
Additionally, we will also attempt to quantify the 
change in ground water storage.

The proposed work will highlight changes in water 
levels on a regional scale, while in some regions 
it will highlight data gaps where future work 
is needed. In many regions of New Mexico, we 
know that water levels are declining, but the data 
have not been compiled to address the amount of 
decline in specific areas.

Project deliverables will show changes in ground 
water systems, which will give the results visual 
impact useful for illustrating the potential 
impact of conservation efforts and other water 
management options. With up-to-date regional 
maps showing contoured changes in water levels 
(time interval depending on the available data), the 
state of New Mexico will have a useful tool to aid 
in planning for future water management needs.

Methodology

For this project we are developing a statewide 
water level database. Data will be compiled from 
multiple agencies, reviewed and filtered toward 
the goals of this study. We will incorporate all data 
into one simplified water level database that can be 
used by other research groups or interested public 
entities. This will be completed by December 31, 
2014.

From this database, starting in January 2015, 
regional contour maps of water level changes 
will be developed for selected basins. We are 
using a regional analysis approach because water 
level measurements have been collected over 
portions of the state, often clustered in areas with 
greater populations. Additionally, water level 
measurements have been collected at various time 
intervals, such as annual or 5-year intervals of 
measurement.

The water level measurements will be processed 
to calculate changes in ground water levels over 
the intervals relevant within a region, and then 
contoured using ArcGIS. Changes in aquifer water 
levels relate to changes in aquifer storage. Storage 
changes can be estimated using the changed 
volume of an aquifer (based on water level 
changes) and the storage property (specific yield) 
of the aquifer. With regional maps of water level 
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change, using ArcGIS, these surfaces can be paired 
with an average specific storage value applied to 
the region to estimate changes in groundwater 
storage (McGuire, 2013). From these results, the 
state of New Mexico will have a useful tool to aid 
in planning for future water management needs.

Results to Date

At this time, we have prepared a comprehensive 
database in MS Access that is based on site 
locations (Figure 2). The bulk of the data is from 
the USGS, New Mexico Office of the State Engineer 
(NMOSE), and New Mexico Bureau of Geology 
& Mineral Resources (NMBGMR), which now 
includes about 5400 well locations and over 130,000 
water level measurements. These measurements 
include sites that have been measured periodically 

since the 1940s. We have provided this data 
to the Statewide Spatiotemporal Water Level 
project to insure common data are being used 
between the two water level projects. As water 
level measurements continue in the state, we will 
continue to incorporate data into this database, 
from which we can provide data to other research 
groups or interested public entities.

Remaining work includes providing a simplified 
database of well locations and water levels, with 
queries built for analysis of water level changes 
over available date ranges for deliverable by 
December 31, 2014. Also in December 2014, we are 
meeting to discuss selection of regions to address. 
By June 2015, we will complete contouring of water 
level changes for selected regions and attempt 
calculations of changes in ground water storage.

Figure 1. Groundwater level and storage changes for regions of New Mexico. Stacy Timmons, NMBGMR; 
Mike Johnson, NMOSE; Nathan Myers, USGS; Matt Ely, USGS; KC Carroll, NMSU.

Water level change may indicate variations in nearby surface water, fluctuations 
in recharge amounts, and changes in the total water remaining in storage for future use.

Yet to be completed: 
  Step 2: Select 2-3 basins/regions 
  Step 3: Contour changes in groundwater 

levels over regionally-appropriate time 
interval (i.e. 5-10 years)
  Step 4: Calculate changes in water stor-

age over relevant time intervals (where 
possible)

  Step 1: Compile water level data into 
comprehensive, relational database by 
December 2014 

   Datasets from USGS/OSE, NMBGMR, 
others
Data coverage is NOT evenly distributed 
statewide; data gaps
Intervals of measurement are variable
  Products: 

Compiled water level database 
Regional contours of water level changes 
Estimate of change in groundwater 
    storage
Technical report describing methodology*

• This can be used on other regions 
of the state, pending future fund-
ing.
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Figure 2. Groundwater level and storage changes for regions of New Mexico. Stacy Timmons, NMBGMR;  
Mike Johnson, NMOSE; Nathan Myers, USGS; Matt Ely, USGS; KC Carroll, NMSU (cont.).

Step 1: Data compilation Step 2: Region selection example

Data as of November 2014. Well locations 
with at least 1 water level measurement 
from USGS, NMOSE and NMBGMR. Here, 
symbols are colored according to geologic 
formation of completion. To address 
groundwater storage changes, we need 
to look at water level changes in the same 
geologic formation.

The Mimbres basin has 286 well locations, 
with about 7800 water level measurements 
to work with. Symbology at well sites shown 
above indicates a water level measurement 
exists within various 10-year intervals. Using 
these data, we can create points of water 
level change that will then be contoured 
over the region.  

Investigators

PI: Stacy Timmons, New Mexico Bureau of 
Geology and Mineral Resources, New Mexico 
Institute of Mining and Technology. Collaborators: 
Mike Johnson, Hydrology Bureau, New Mexico 
Office of the State Engineer, Nathan Myers, U.S. 
Geological Survey, Matt Ely, U.S. Geological 
Survey, Kenneth C. Carroll, New Mexico State 
University

References

McGuire, V.L., 2013, Water-level and storage 
hanges in the High Plains aquifer, predevelopment 
to 2011 and 2009–11: U.S. Geological Survey 
Scientific Investigations Report 2012–5291, 15 p. 
(Also available at 
 http://pubs.usgs.gov/sir/2012/5291/.)
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Water for Ranching, Agriculture, and Communities 
in New Mexico’s Tribes and Pueblos
Arthur Allison, New Mexico Secretary of Indian Affairs

New Mexico Secretary Arthur Allison is the first Navajo to head the cabinet level 
New Mexico Indian Affairs Department, which coordinates tribal and state programs. 
Arthur is a small business owner and veteran leader in the Navajo Nation government. 
He is the chairman of the board of the Diné Development Corp., a holding company 
established by the Navajo Nation to set up, invest in, own, and operate for-profit 
business ventures. Arthur holds a BS degree from Brigham Young University and did 
post-graduate study in business at Ball State University in Indiana. 

Hello, it is good to see you all today. I am 
Arthur Pierce Allison from the Navajo Nation. 

I’m from the Salt Clan, born for the Zia Clan. 
Originally I am from Tohatchi, New Mexico. I want 
to welcome you all here today.

I grew up on a sheep ranch where we also raised 
some cattle and a lot of horses. One of the things 
my grandfather and uncle always loved to do was 
to sell bucking horses to bucking strings and to 
the Elkins brothers in Grants and elsewhere in the 
Southwest. Guess who would ride those bucking 
horses? It was us young ones. We were told to get 
on the horses and see how they bucked. That is a 
bit about my background. I also have a degree in 
agricultural economics.

I cut my teeth on water development with 
the Navajo Indian Irrigation Project (NIIP) in 
Farmington, New Mexico. This irrigation project 
is part of the San Juan-Chama Diversion and 
the Navajo Dam. It carries water to the 110,630 
acres of land that we are now developing into a 
corporate farm. I had the good fortune to work 
with Dr. Bill Gorman from NMSU’s Agricultural 
Economics Department. He looked at economic 
models to see exactly what production we could 
be looking toward in the future. What a great 
time I had working with Dr. Gorman. He made 
a significant contribution to the Navajo Nation 
and the Navajo Agricultural Products Industry, 

or NAPI. I know that we deliver much of the hay 
to the dairies around Clovis, Roswell, and San 
Antonio area. I had the opportunity to go from 
planning to irrigation development to marketing, 
and eventually I became general manager of that 
tribal enterprise.

I’m honored to speak here at the 59th annual Water 
Resources Research Institute water conference. 
WRRI’s work on water issues is commendable and 
they provide a service that this state desperately 
needs. Water is the most important resource that 
we have, and one that we cannot live without. As 
we have been living in a drought condition for 
years now, it is important to be mindful of our 
water usage. In my culture, I was taught to treat 
water as sacred and never to waste it. I commend 
the work by New Mexico State University and the 
state legislature to support the WRRI in assessing 
our water availability.

Today I would like to talk about Indian water 
rights. I only have about ten minutes I have been 
told, and I wrote this speech for about an hour 
lecture on Indian water rights. No, I am just 
kidding. But, that is basically what I want to talk 
about, that is, the Indian water rights issue. Being 
indigenous to this state and this country, water is 
very important to me. In many of your counties, 
we are the senior water users. About 20 percent of 
New Mexico’s land base is Indian land.  

Editor’s Note: The following paper represents a transcription of the 
speakers’ remarks made at the conference; no follow-up papers were 
submitted by the speaker. Remarks were edited for publication by the 
editor. The speaker did not review this version of their presentation, 
and the editor is responsible for any transcription and editing errors.
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Figure 1. Location of 23 tribal territories in New Mexico.

On this land, much of the farming is still done in 
a very traditional way. Figure 1 shows where the 
23 tribes in New Mexico are located. There is a 23rd 
reservation that isn’t shown in the figure, which 
is down near Deming and belongs to the Fort Sill 
Apache.

Figure 1 shows how the pueblos are located 
along the river. I had the opportunity to sit on the 
Drought Task Force with the State Engineer the 
past couple years and saw drought conditions 
across the state and how drought affected many 

of our tribal communities. I looked at the drought 
monitor many times to assess the drought 
situation. This type of information is much needed 
on Indian lands. As I mentioned, many Indians are 
still living in a very traditional mode. Many still 
run subsistence farms and gardens and many are 
still raising livestock as was done historically.

Figure 2 shows the U.S. Drought Monitor for 
New Mexico in June 2013. You can see that the 
Mescalero, the Pueblo communities along the river, 
and even the Navajo Nation were affected just as 
much as the rest of the state.

We have many challenges facing us (listed below), 
one being the continuing drought conditions. 
The lack of adequate water and wastewater 
infrastructure is key in many native communities. 
There is a lack of skilled personnel to monitor and 
manage our resources. Aging wells and associated 
structures are also an issue. As we go down this 
list, I’m looking at fuel costs. If you and I were 
to take a consumer index survey of the Navajo 
people, and ask what the biggest cost in their 
household is, it would be fuel costs to haul water. 
It is almost 40 percent more than a citizen (of the 
United States) living in the surrounding area. To 
get potable water in many areas, you must have a 
truck and you must have wells.

Figure 2. U.S. drought monitor for June 2013.
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• Continuing and impending drought condi-
tions throughout the southwestern U.S.

• Lack of adequate water and wastewater 
infrastructure

• Lack of skilled personnel
• Aging wells and associated infrastructure
• Dilapidated buildings
• Increase operating costs
• Insurance premiums
• Fuel costs
• Material costs
• Transportation costs
• Specialized materials (i.e., windmills, stor-

age tanks, troughs, hand pumps)
• Aging equipment and transport vehicles
• Safety concerns—workers safety and safety 

equipment
• First aid
• Continuing and impending water rights 

litigation and settlements

Our basis for water rights comes from the Winters 
Doctrine of 1908. 

Winters vs. United States, 207 U.S. 564 
(1908), was a U.S. Supreme Court case 
clarifying water rights of American Indian 
reservations. The decision acknowledged the 
vitality of the American Indian water rights 
and how the rights relate to continuing 
survival and self-sufficiency. Reservations 
were created by the United States 
government; water rights were reserved for 
the tribes by implication of the treaties that 
created reservations.

Since the “Winters Doctrine” created federal water 
rights, litigation has been formulating the water 
rights in New Mexico for the Indian tribes, nations 
and pueblos. Settlements have been reached in the: 

• Aamodt Settlement (Nambé, Pojoaque, Tes-
uque, San Ildefonso, City of Santa Fe, Santa 
Fe County and non-Pueblo water users)

• Taos Pueblo Indian Water Rights Settlement Act 
settles the Pueblo portion of the Abeyta case

• Navajo Nation Water Settlement claims to the 
San Juan River in New Mexico and in the 
Lower Basin of the Colorado River, includ-
ing the Little Colorado River in Arizona and 
the San Juan River in Utah.

It went all the way to the Supreme Court, and 
that doctrine identified the water rights for Native 
Americans across the United States, including 
the Navajos, Pueblos, and Apache tribes of New 
Mexico. When we signed the treaties and went 
back to our reservation land, we were totally 
run by the federal government. Many times, 
the Bureau of Indian Affairs would go in there 
and bring in soil scientists, range managers, 
agricultural engineers, and so on to take care of our 
trust land itself.

In 1964, during the Nixon administration, a bill 
was passed called the Indian Self-Determination 
Act that gave us the right to determine our destiny, 
you might say, on our reservations. No longer did 
you see whole bands of professionals coming onto 
reservations and showing natives how to manage 
their land and run their farms. After 1964, they said 
we will give you the money, but now you have full 
rights to run your own programs. The 1950s was 
a time of many firsts–my grandfathers and uncles 
started managing and running their own land 
and farms in an area next to Crownpoint, north of 
Gallup. Much of the time Navajo people have their 
sheep and cattle in this area. Figure 3 is a map of 
the earthen dams that we built to preserve water 
for our livestock and the wildlife in the area as 
well.

The Navajo Nation has developed their own 
Department of Water Resources. We manage our 
own water and grazing areas, and we monitor our 
carrying capacity and reseeding needs. Figure 4 
is an area map showing about three million acres 
around Crownpoint, New Mexico. We have 31 
chapter houses and six water districts that manage 
the area. We only have 267 windmills that actually 
work. In the same area, we have about 180 dug wet 
springs. This is an example of the tribe protecting 
and preserving the water that we have for our 
livestock and people there.
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Navajo Nation

DEPARTMENT OF WATER RESOURCES

Eastern Agency Windmill Location

3,363,520 Acres 
31 Chapters
6 Districts

267 Windmills

180 Dug Wet Springs

Figure 4. Eastern Agency windmill location.

Figure 3. Eastern Agency–Earthen Dam locations.
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“It is an emergency because we are going 
through one of the worst drought conditions. It is 
imperative to keep our existing livestock water 

facilities in operable condition.”

The Field Office/Station provide direct 
services to all Navajo Nation Chapters mainly 
through repair and maintenance of over 900 

windmills,1200 dug wells and 6 irrigation 
water systems throughout the entire Navajo 

Nation.

Current unmet needs of budget requests to 
Navajo Nation are over $3,400,000 for 

Livestock Windmill Maintenance.
•

Figure 5. The Field Office/Station provides services for 
over 900 windmills.

Figure 6. Rangeland on the Navajo Nation.

Rangelands are often arid 
and cannot support 
row-crop agriculture 

nor timber harvesting.

Grazing management 
involves managing timing, 
intensity, distribution, and 

duration of grazing.

Diversity in rangelands 
and ranch resources yield 

differences in livestock 
management systems.

One thing that happened when the Bureau of 
Indian Affairs stepped back and let the native 
people start running their own grazing district, is 
that we actually got maintenance trucks that go 
around and keep windmills maintained (Figure 5).

Figure 6 shows photos taken in April or May. You 
can see the land is barren. Some of the vegetation 
is overgrazed, not only by our cattle, but by the 
native wildlife and wild horses that we have in 
those areas.

What I mainly want to express today is that 
currently the tribes are in control of their lands and 
will develop priorities that affect their water and 
their natural resources. Tribes are assessing their 
inventories of water needs just like all of you are 
doing. Many of you come from counties where you 
are analyzing exactly how much water is going to 
be used for industrial, residential, recreation, or 
other areas.

That, then, turns to the question of how much 
water will be used for agriculture. On our native 
lands, agriculture is our base. Our planning starts 
with agriculture and goes from there. We take the 
standpoint that the livestock we raise, the land, 
and the water we own is sacred. We take care of 
those first. After that, we plan where we will build 
our houses, schools, or homes for senior citizens 
and on down the line. One of the things we are 
looking at is using water for economic reasons. We 
have allocated a certain amount of water for the 
Arizona Public Service, the PNM of New Mexico, 
and so on. Some of that water was native water 
that we were able to negotiate with the State.

There is a tremendous amount of water being 
used for mining in certain areas. With the small 
oil boom that we are having in the San Juan area 
due to fracturing and horizontal drilling, we are 
looking at just exactly how much water that effort 
will use in those areas. As probably all of us here 
who work with water know, in order to fracture 
any type of hard-rock formation to get to the oil, 
you need chemicals. Many times that can make a 
crucial difference, not only from an environmental 
point of view, but we look at the Earth as our 
Mother Earth – and that influences a whole new 
look at how we will develop areas our land.
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The Role of Water in New Mexico’s 
Economic Development
Jon Barela, New Mexico Secretary for Economic Development
Jon Barela is the Cabinet Secretary for the New Mexico Economic Development 
Department. He was appointed by Governor Susana Martinez and confirmed 
unanimously by the New Mexico State Senate. During his tenure, Jon has been active 
in leading the state’s efforts regarding tax reform, regulatory burden on job creators, 
export growth, and reducing unemployment. He is a native New Mexico, born and 
raised in Las Cruces. Jon earned a BS in history and diplomacy from the Edmund A 
Walsh School of Foreign Service at Georgetown University. After graduating from 
Georgetown University he joined the staff of New Mexico Congressman Joe Skeen. 
While working for Congressman Skeen, he earned a law degree also from Georgetown 
in 1987.

Hello, it is very good to see everybody and 
it really is a pleasure to be here. I have the 

utmost respect for what you all do because water is 
such a critical issue.

It’s pretty obvious that water and economic 
development are connected. I often talk about 
the principals of economic development and 
what it takes to optimize economic development 
and job creation opportunities in each respective 
jurisdiction. Of course, you need a competitive 
tax environment. You need a governmental 
infrastructure that is fiscally disciplined. You need 
a regulatory environment that is reasonable. But, 
the two things that I want to focus on today deal 
with having a culture of innovation that leads to 
job creation, and having an infrastructure in which 
businesses can prosper.

Many of you know about the crisis that exists 
around the world with water, but I am going 
to restate it very quickly. I have received many 
briefings and I read quite a bit about water issues 
around the world. We know that water shortages 
will continue to persist. Dr. Mike Hightower 
from Sandia National Labs has provided me with 
briefings, and to paraphrase him, we are in the 
midst of a 300 or so year drought. Of this, we are 
probably in about year 30 according to scientific 
data. The crisis is very sobering.

Some of you might have seen 60 Minutes last 
Sunday that started off with a story about the 
water crisis and how it relates to global instability, 
state failure, and even global terrorism. The catch 
phrase they are using is that water is the new 
oil. I thought that was a very interesting, and 
appropriate, way of headlining that segment. It is 
an issue that we do indeed have to deal with. We 
know what is going on in the Central Valley in 
California. In response, the California government 
has made efforts to shore up their water stores. 
But, even with what they are doing, many experts 
say that it won’t be enough to take care of their 
long-term or even short-term water problems 
based on population growth and water use.

Much closer to home, all of you know that aquifer 
levels are certainly dropping and that our water 
use is not declining, especially in the agricultural 
and other natural resources areas. Water is so 
critical to job creation whether it concerns the 
mining or oil and gas sectors. With that, I happen 
to think that a crisis can create opportunity. I very 
much believe that the current crisis presents us 
with a very unique opportunity to create many 
thousands of jobs. I do not underestimate the 
potential that we have for that opportunity. Crisis 
sometimes creates opportunity, and that is the state 
that we are in right now with respect to water.

Editor’s Note: The following paper represents a transcription of the 
speakers’ remarks made at the conference; no follow-up papers were 
submitted by the speaker. Remarks were edited for publication by the 
editor. The speaker did not review this version of their presentation, 
and the editor is responsible for any transcription and editing errors.
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Let me talk about some of the responses we have 
made in New Mexico over the past couple years, 
and then I’ll talk about some of the broader issues 
and how they relate to economic development. 
First of all, I want to recognize Mayor Ortiz from 
Las Vegas. He happens to be a very forward 
thinking mayor. Shortly after he took office, I 
had the chance to speak with Mayor Ortiz and 
the City Council of Las Vegas. Some others from 
San Miguel County also attended. I have to tell 
you that they were a fascinating and absolutely 
fabulous group of people to work with. The water 
crisis that existed in Las Vegas and San Miguel 
County not only inhibited economic growth, there 
were outages that they were contemplating. Their 
water shortage was reaching a crisis level. The 
mayor and his local leadership worked with us to 
fashion a response. What we did, thanks to his and 
the governor’s leadership, was to set aside money. 
In the last session the governor requested $110 
million of capital outlay dollars for water projects 
around the state and $89 million was eventually 
allocated. I mention Mayor Ortiz because $10 
million of that went to the Bradner Reservoir 
project and other projects that I think were really 
important and are going to put Las Vegas and San 
Miguel back on track to being able to protect and 
grow its water resources. I want to thank Mayor 
Ortiz and his local leadership.

Local and state leadership is exactly what we 
need to identify needs and to take advantage of 
opportunities. Because of these projects, there will 
be hundreds of construction jobs created in the 
short-term. In the long-term, we also might have 
some opportunities for companies to relocate to 
San Miguel County and Las Vegas. We have a 
couple of companies that are looking to move into 
the area, which is very exciting. Focused further 
in the long-term, we very much believe that New 
Mexico is well positioned to be the center of water 
research excellence in the country. We have a finite 
window of opportunity to claim that. The New 
Mexico Water Resources Research Institute should 
be a focal point or one of them in order to take 
advantage of new and emerging technologies to 
create jobs here in the state.

The work and research that is being done at 
the academic level here is phenomenal. The 
intellectual property that is being developed is 
remarkable, especially in the agricultural area. The 
gap that we had, however, was financing. How 
do we commercialize the technology? How do we 

take advantage of what is being produced in our 
academic settings, be they colleges and universities 
or even our national labs? How do we take this to 
the commercialized standpoint? In the upcoming 
legislative session, we are recommending the 
funding of a technology research collaborative 
that takes all of these intellectual ideas–ones that 
are ready to be commercialized–and provides 
a mechanism of funding through a variety of 
sources. What I am going to propose, and the 
governor as well, is that a good portion of the 
TRC (Technology Research Collaborative) funding 
request will provide a link between water research 
and commercialization of emerging technologies. 
I am hopeful that a good portion of those monies 
will be focused on commercializing water 
technologies. That will be a request that we make 
in the upcoming legislative session.

We also want to have a specific focus on heavy 
industrial, water recycling, desalination, and 
agricultural uses. I think that is the lowest hanging 
fruit, no pun intended. I also want to re-announce 
that our first foray into investing in water 
conservation technologies has already occurred. 
Most recently we announced the opening of Global 
Fashion Technologies in Belen, which will create 
up to 400 well-paying jobs in an unused industrial 
facility. This company has intellectual property 
that essentially recycles cotton, like old denim 
and t-shirts, and weaves them into an interesting, 
very breathable fabric that will be purchased, we 
hope, by many textile producers. This is a very 
exciting new technology and it will essentially save 
millions of gallons of water, because we all know 
that cotton is a very thirsty crop. This is something 
that we see as being very viable in the long-term 
that can help us open the door for water research 
and can be a poster success story for investments 
into that type of technology. I am very excited for 
that effort and think it is a wonderful opportunity 
to create jobs. That is a case in point of how we can 
take a crisis, reach out to companies, and create 
jobs.

The last thing that I want to cover today in my 
abbreviated remarks is something that I think is 
very unique and what I think will become a legacy 
for generations to come. That is the creation of our 
binational community along the southern border 
of Doña Ana, Santa Teresa, and San Jerónimo, 
which is in Ciudad Juárez. We are very excited 
about this formal arrangement that we have 
signed with Governor Duarte and the State of 
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Chihuahua. We have asked that the New Mexico 
Water Resources Research Institute be an integral 
part of this. What it is, in a nutshell, is the first-of-
its-kind, as far as we know, master plan binational 
community. We are organizing our committees 
to address transportation, utility lines, residential 
areas, and sustainable environmental practices. 
This does include how water is used both from 
an agricultural to an individual user perspective. 
We are well on our way to working with ideas of 
how water can become, not only a focal point for 
sustainable environmental practices, but how we 
can use water resources on both sides of the border 
to attract companies like Global Fashion Industries 
and others. We believe that this will be a model for 
water usage and has lots of potential. I meet once 
a month with my counterpart in Mexico and it is 
yielding some amazing results right now that we 
are very excited about.

The bottom line is this: I often get asked how many 
jobs will be created in the short- and long-term if 
we play our cards right with water research and 
technology. I truly believe that within the next 
four years, that several thousands of jobs can be 
created if we focus our resources accordingly. Most 
importantly, they will have huge social benefit that 
will address some of the crises that we have been 
talking about. This is how we take a crisis and turn 
it into an opportunity. That will certainly continue 
to be a focal point of our department and we will 
be working with other agencies and departments 
within the administration to get that done. I also 
want to thank my colleague State Engineer Scott 
Verhines with whom I work. I’m no water expert, 
but he is, and I appreciate all of the information 
that he has passed on to me over the years.

Once again, thank you for inviting me here to say a 
few words here this afternoon.
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Groundwater Depletion Across the U.S.  
and How We Measure It
William Cunningham, Chief, U.S. Geological Survey, 
Office of Groundwater

Bill Cunningham is the Chief of the U.S. Geological Survey Office of Groundwater.  
This office develops USGS groundwater tools and techniques and sets policies for  
USGS groundwater investigations and data collection activities across the Nation.  
Prior to joining the Office of Groundwater, Bill worked on groundwater science 
investigations in the Ohio and North Carolina Water Science Centers. He also 
serves as Co-Chair of the Subcommittee on Groundwater for the Federal Advisory 
Committee on Water Information. Bill received undergraduate and graduate degrees 
from The Ohio State University.

Editor’s Note: The following paper represents a transcription of the speaker’s 
remarks made at the conference. Remarks were edited for publication by 
the editor. The speaker did not review this version of his presentation 
and the editor is responsible for any transcription and editing errors.

I’d like to thank Sam Fernald for the invitation 
to come and talk with you today. It’s been a 

spectacular day for me filled with interesting 
information, especially for a groundwater person. 
Sam suggested that I could talk about what we 
should do about aquifer over-exploitation. At the 
end of the presentation, I’ll have a couple of slides 
about that.

We have heard several other speakers today 
talk about a global or U.S. crisis in groundwater 
depletion. I have gathered some headlines and 
quotes from journal articles: “Global Groundwater 
Crisis: Groundwater Depletion during Drought 
Threatens Future Water Security,” “Earth’s Major 
Aquifers in Trouble,” and “Aquifer Exploitation 
Could Significantly Impact Crop Production in 
the U.S.,” because 60% of it relies on irrigation 
from groundwater. In preparation for this talk, 
I decided to take a look at a couple of the books 
on my shelf in the Office of Groundwater and 
came across this quote: “A survey of areas where 
water is pumped from underground supplies as 
the principal source for irrigation use shows a 
generally constant lowering of the water table. 
The situation is naturally more serious in some 
localities than others; and, on the other hand, some 
have less favorable recharging possibilities, and 
consequently respond more slowly to recharging, 
either natural or artificial.” This document comes 

from a publication in 1937. It is the Department of 
Agriculture Technical Bulletin number 587. This is 
not a new problem. This is a problem that we have 
already dealt with in many parts of the country for 
many years. I like to think that we have overcome 
some of these issues in some places and we will 
continue to do that. However, we do have an issue 
on our hands, and I’ll go through some slides to 
show you groundwater depletion in the U.S. over 
time.

In 1951, a map was created that showed 
groundwater reservoirs with perennial overdraft 
(Figure 1). There are some areas in the central U.S., 
but most are in the Southwest. At that same time, 
there were maps of serious cones of depression 
that have been developed from pumping wells 
(Figure 2). These areas are all over the country in 
1951. In 1984, the USGS produced the National 
Water Summary map (Figure 3). This is showing 
areas of water table decline or confined aquifer 
decline in excess of 40 feet in at least one aquifer 
since pre-development. There are some large areas 
of the country that show up on that map. 

In 2008, we produced a circular that tried to 
update that information, and you can see some 
similar patterns in the upper Midwest for instance 
(Figure   4). You can also see some additional 
areas in the High Plains that had some across the 
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Figure 1. Previous compilations of GW depletion: groundwater reservoirs with perennial overdraft (1951).

Figure 2. Previous compilations of GW depletion: areas where significant cones of depression have been 
developed by pumping wells (1951).
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Figure 5. Previous compilations: cumulative 
volumetric depletion 1900-2008.

Mississippi River Valley. The blue dots indicate 
wells with water level declines in excess of 40 
feet. These areas were also divided into areas 
of water table decline in excess of 25 feet and 
confined aquifers with declines in excess of 40 
feet. 

That was a water table approach to looking 
at groundwater decline. Another approach 
is to look at volumetric depletion. A report 
came out in 2013 that was produced by Lenny 
Konikow (USGS), and it shows areas of the 
country where there has been significant 
volumetric groundwater depletion (Figure 5). 
That is a different approach than just looking at 
water levels, and I will talk about that more in 
subsequent slides. 

The last example in Figure 6 is ongoing 
compilations. These are weekly drought 
indicators. We have heard about GRACE today 
in several presentations. They downscale some 
of that GRACE data to look at groundwater 
drought indicators across the country. Just 
earlier this month, November 10th, is when this 
compilation occurred. We heard during lunch 
that some groundwater is always mined. Theis 
told us this in 1940 (Figure 7). When water flows 
to a well, mining occurs. This is not a surprise 
since there is going to be groundwater depletion 
when we use it. If we value it, however, we 
measure it. That is what these water level 
programs we have heard about today do, and it 
is very important that we continue to do that. 

Figure 3. Previous compliations: 1984 National Water Summary.

Figure 4. Previous compilations: 2008 USGS circular.
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Figure 8. Measure water levels.

How do we measure water depletion now? I 
showed you some maps, so let’s talk about how 
those are done. The most basic approach is not 
a simple one. Still, the most basic approach is to 
measure water levels, and we have heard that 
from the State Engineer’s Office, the USGS, and 
counties. Figure 8 is a map of New Mexico from 
the USGS’s Groundwater Watch showing the most 
recent measurements in these wells across the 
state. We measure water levels, but from a national 
perspective, we don’t have complete coverage to 
do that. In 2007, the subcommittee on groundwater 

Figure 7. “Some groundwater is always mined.”Figure 6. Ongoing compliations: weekly drought 
indicator (November 10, 2014).

set out to try to remedy that, and created this 
concept for a National Groundwater Monitoring 
Network. This National Groundwater Monitoring 
Network was piloted in 2010 and 2011. This is 
a collaborative approach by which government 
agencies, state agencies, county agencies and any 
data providers that meet the necessary criteria, 
can participate in the National Groundwater 
Monitoring Network. A system was built through 
this pilot process with six states and six state water 
agencies in 2010 and 2011. This pilot program 
portal was built to bring in the information from 
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federal agencies in the six states and the six state 
water agencies. 

That plan was completed, and the associated 
document that was finished in 2013 is available at 
http://acwi.gov/sogw. This is another example of 
pending federal action, it is authorized but not yet 
appropriated. It has been in the USGS budget to 
help support this, but unfortunately, those budgets 
have not materialized and we have had continuing 
resolutions. 

What do water levels tell us about depletion? 
Measuring water levels in wells provides 
information about changes of water levels in time. 
But, it does not tell us how much water there is, 
how much is available, or if the use is sustainable. 
However, it does allow us to differentiate among 
aquifers with depth. This is important because of 

Figure 9. Microgravity 
measurements on the ground.

the next approach - microgravity measurements 
(Figure 9). We do this on the ground, and this is an 
example from Arizona. This is a map of a network 
in Arizona where this microgravity unit has an 
absolute gravimeter and a relative gravimeter that 
are used to make point measurements of the mass 
of the Earth in that location. They have been doing 
this for the last 20 years, and it is a measurement 
of the water that is in the unsaturated zone and 
in the aquifer as well. You can make repeated 
measurements and see those changes. 

GRACE is an example of microgravity 
measurements from space (Figure 10). GRACE is 
a pair of satellites that were launched in 2002 by 
NASA. Those satellites are about 140 miles apart 
orbiting the Earth, and the distance between them 
is measured very precisely by microwaves.  

Figure 10. Microgravity 
measurements from space.
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Timmons talk earlier today and we heard several 
discussions of hydrogeological studies that are 
taking this approach. In hydrogeological studies, 
we compile all of the hydrogeological information, 
develop that hydrogeological framework, 
determine conceptual models of the flow system, 
and most importantly, develop numerical flow 
models. The report that I mentioned earlier by 
Lenny Konikow is on groundwater depletion in 
the United States from 1900-2008 (published in 
2013), and is an example of information coming 
from these hydrogeological studies.

Figure 11 is from the Konikow report. This is 
cumulative volumetric groundwater depletion 
from 1900-2008 in cubic kilometers. Regional 
aquifers in the United States were evaluated, and 
you can actually see that there are some with 
negative depletions, which results in a gain. You 
can see the range of depletions in cubic kilometers 
from aquifers across the country. There are some 
very significant changes. The red represents 150-
400 cubic kilometers of groundwater depletion 
since 1900. The most significant change is in the 
High Plains Aquifer (Figure 12). The figure has a 
plot from the High Plains Aquifer since 1950 with a 
dot at the top left that nearly gets lost.  

As one satellite approaches an area of greater 
gravity, it speeds up before the second satellite, 
and the way the distance between the two satellites 
changes is how they determine what the difference 
in the microgravity signal is. That microgravity 
signal has a very large footprint, which is one of 
the negatives of it. Also, that groundwater mass 
is determined as a residual after you estimate the 
water in the atmosphere, the water at the surface, 
the snowpack, and the water in the unsaturated 
zone. The ground-based microgravity eliminates 
some of those errors. The GRACE satellite 
approach has to account for those in their model. 

What does microgravity readings tell us about 
depletion? It provides a change of the mass 
over time from which change in volume can be 
obtained. However, it does not tell us how much 
water there is, how much is available, whether 
the use is sustainable, and it does not allow us 
to differentiate among aquifers with depth. If 
you have a layer system and you have a lot of 
production from one aquifer but not another, you 
cannot differentiate between those. 

What about hydrogeological studies? We tend 
to put a lot more weight in that. We heard Stacy 

Figure 11. Cumulative volumetric groundwater depletion (1900 - 2008) in km³.
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You see the cumulative change in groundwater 
storage since 1950 in millions of acre-feet. You can 
also see the total available water in the aquifer on 
the right-hand side. It is the most significant drop 
in groundwater seen across the United States. 

Konikow created a concept called depletion 
intensity. Figure 13 is a map that shows the 
depletion intensity from 2000-2008. This is 
depletion in the aquifer divided by the aerial 
extent of the aquifer, which is a benefit in that 
it normalizes the aquifer depletion data in a 
way. When you look at the High Plains Aquifer, 
because it has such a large extent, its relative 
color becomes cooler. The Central Valley of 
California, on the other hand, stands out much 
more drastically with depletion intensity. The 
plot summarizes the report of groundwater 
depletion in the United States. You can see 
the principal aquifers here with significant 
groundwater depletions: the High Plains 
Aquifer, the Mississippi Embayment, the Central 
California Valley, and the Arizona alluvial basins. 
The plots on the bottom describe these. The grey 
line represents total U.S. groundwater depletion 
from 1900 to 2008. In 2008, total depletions in the 
U.S. were approximately 1,000 cubic kilometers. 
In acre-feet this would be approximately 800 
billion acre-feet of depletion, which I think 
would be somewhere around 20,000 times what 

Figure 12. Cumulative change in GW storage, High 
Plains, since 1950.

Figure 13. Depletion intensity (2000-2008).

Albuquerque has. That is a significant amount of 
groundwater depletion in the U.S. What is perhaps 
most alarming is that in the year 2000, depletions 
were about 800 cubic kilometers and eight years 
later depletions were 1000 cubic kilometers. 
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Figure 14 is a decadal scale of depletion 
in the U.S. The rate of depletion from 
2000 to 2008 has gone up dramatically 
according to Konikow’s report. What do 
these hydrogeological studies tell us about 
depletions? They provide us with a volume 
change over time. Those studies give us 
information about how much water there is, 
but they do not tell us how much of that water 
is available. That is a societal decision. They do 
allow us to forecast the effects of use, which 
is very important from the modeling point 
of view. They also allow us to differentiate 
among aquifers with depth. 

How do we stop the overexploitation of 
our groundwater resources? I was on a 
group associated with the Council of Canadian 
Academies in 2009 that evaluated what Canada 
should do for sustainable groundwater use. They 
have almost no problems in Canada compared to 
us, frankly, but they are still concerned about the 
sustainable use of their groundwater resources. 
Our report created a pyramid and it is incumbent 
upon us to provide the baseline information to 
this pyramid: a strong foundation with ongoing 
data collection; a solid geologic model; building 
conceptual models of the hydrogeological system, 
which they call hydrological regimes north of 
the border; and building numerical models to 
test hypotheses and forecast future conditions 
(Figure   15).  

Figure 15. How do we stop ‘over-exploiting’ our groundwater resources?

Figure 14. Long-term groundwater depletion in the U.S.

It is incumbent upon us scientists to provide that 
information and a good foundation for the decision 
making part of that pyramid that is at the top. We 
use that solid knowledge foundation to educate 
decision makers and to determine how to address 
the overexploitation of groundwater resources. 

My closing message is that our groundwater 
supplies have limits, depletion is a growing issue 
in the U.S., and the best way for scientists to 
address depletion is a full understanding of the 
hydrologic system. The last message I have is that 
depletion decisions are societal. Decision making 
is the top of the pyramid and if we address them, 
solutions do exist. I think we have heard many of 
them today. 
 
Thank you. 
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Legislative and Policy Perspective
Mary Kay Papen, New Mexico Senate President Pro Tempore

Mary “Kay” Papen is a democratic member of the New Mexico Senate representing 
the 38th District in Doña Ana County since 2001. She is the current President pro 
tempore of the Senate being sworn in on January 15, 2013. She studied history 
at the University of Colorado, has a BS in horticulture and completed master’s 
coursework from NMSU. Currently, Senator Papen is a member of the Mesilla 
Valley Rotary Club, board member of First Step Center and co-chair of First Step 
Capital Campaign. She is also on NMSU’s Health Sciences Advisory Board and board 
member St. Luke’s Clinic. Her legislative positions include: past vice-chair of the 
Senate Education Committee and past chair of the Water and Natural Resources 
Sub-Committee on Water Adjudication. Current positions include Chair of the 
New Mexico Finance Committee Oversight Committee, member of the Senate 
Finance Committee, and chair of the Health and Human Services Sub-Committee 
on Behavioral Health.

Sam, thank you for that introduction. I 
appreciate it, and I appreciate so much being 

here today, and being able to speak to you. I have 
been a fan of the NM WRRI ever since I came into 
the legislature, and have been trying to give capital 
outlay to their projects and what they are doing in 
their research. I really believe in the work they are 
doing, and their cooperation with other schools, 
and students being able to get together and work 
on projects together. So, Sam I applaud you. Thank 
you. 

The wise and efficient use of water is one of  
New Mexico’s important policy issues, and 
water issues have been one of my priorities as a 
legislator. Water policy issues impact every  
New Mexican. Whether it is a farmer in southern 
New Mexico worried about the allotment from the 
Rio Grande, or a student in Albuquerque who is 
worried about water bills. Water policy touches the 
life of every New Mexican and it touches it every 
day. I’ll admit water policy issues aren’t generally 
a captivating topic. For most, the widespread need 
for water infrastructure, investment, and long-term 
planning feels like an insurmountable problem. For 
policymakers it is not just the technical challenges 
that cause difficulties in proposing solutions. We 
can’t change the weather or pull water out of  
thin air.

Navigating the multiple stakeholders, whether 
governmental or not, centuries of cultural historic 
rights, and federal and state regulations, create an 
environment where it is difficult to create solutions 
that are comprehensive and appease all the 
stakeholders. We can’t ignore the issues because 
they are hard. With drought becoming the new 
normal, we need to get aggressive with managing 
and planning for this very limited resource, and 
at the very top of the to-do list is figuring out how 
water works. Where does it come from, and where 
does it go? How much to we get when it rains? 
How much do we lose when it’s hot? How do 
we take seemingly useless water and turn it into 
water that we can use? How much can we use at 
the oil rig? How much can we use in the alfalfa 
field, or on the suburban lawn before it crosses 
that hazy line between use and waste? There are 
basic questions we must answer if we want to 
stretch our meager supplies to all of us who need 
it. We need to know more if we want to balance 
the competing interest of farmers, cities, industry 
and the environmentalist. And, while we might 
not agree about what is the most important way to 
use our water, I think that everyone understands 
that all uses have some value and we need to do 
all we can to not to cut anyone off. The Water 
Resources Research Institute has been working 
on these questions since the last great drought in 

Editor’s Note: The following paper represents a transcription of the 
speakers’ remarks made at the conference; no follow-up papers were 
submitted by the speaker. Remarks were edited for publication by the 
editor. The speaker did not review this version of their presentation, 
and the editor is responsible for any transcription and editing errors.
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New Mexico in the 1950s through collaboration 
among universities and colleges, local, state and 
federal agencies, national laboratories, stakeholder 
groups and collaboration impressive in its breadth. 
This group has been doing the heavy lifting on 
water research in New Mexico for more than half 
a century. Their short list of projects includes 
research on brackish waters resources, quality in 
desalination, safe water reuse, and produced water 
from oil and natural gas production, including 
fracking. They fund thousands of dollars in 
independent research projects across the state. 
Their most ambitious project in the Statewide 
Water Assessment, a comprehensive and detailed 
modeling of New Mexico’s water resources, will 
answer the big questions of supply and demand. 
This is critical to New Mexico’s water future. 
Before we can completely manage the resource, 
we need more information. The assessment 
project includes scientists and researchers from 
New Mexico State University, New Mexico Tech, 
University of New Mexico, Sandia National Labs, 
U.S. Geological Survey, the State Engineer, and 
many other organizations. I know New Mexico 
has been very involved in saline water, as well as 
measuring precipitation and evapotranspiration, 
groundwater recharge and storage, surface flow, 
and water used to establish a holistic view of 
New Mexico’s water. Based on stream flow alone, 
assessments will quantify the flow coming into 
and leaving New Mexico. This would provide 
water managers the data they need to balance the 
demand and the supply of water. As you know, 
at the last session the governor requested an 
unprecedented amount of capital outlay funding 
of $89 million dedicated specifically for water 
infrastructure projects. In addition, I was able to 
secure $1 million dedicated specifically to NM 
WRRI, the majority of which has been spent on 
research to develop a statewide water assessment. 
This assessment will provide the hard science that 
makes good water planning and management 
possible, the first of its kind in New Mexico. The 
water assessment NM WRRI is developing will be 
a living document being updated yearly to provide 
comprehensive, dynamic, and science-based 

information to help legislators, policymakers, and 
stakeholders make the very best decisions to one 
of the state’s most limited and precious resource—
water. In the coming 2015 legislative session, I will 
be seeking $2 million for NM WRRI, and I might 
add that our funds are way down. Oil and gas are 
down, and we are praying hard that we will get 
the $2 million. Everyone keep your fingers crossed 
on that. We need this to continue the research and 
development on desal, brackish water analysis, 
fracking water use analysis, faculty and student 
water research grants to support projects we are 
doing that statewide, and confront the pressing 
water issues. I just bought the book on water wars 
that NM WRRI has out there and plan to read that. 
I think that also gives a wonderful background on 
where this water war is. This collaborative effort 
to move forward the research and development 
of long-term solutions to one of New Mexico’s 
most pressing resource needs is absolutely 
paramount. As we work to create technical 
solutions, we must also continue to work together 
to repair the fragmented and insufficient system 
for managing water project planning. Investing 
in water infrastructure is meaningless if it is not 
effective. While it is true that we can’t change 
the weather, we can do a better job of managing 
our water resources for the most efficient and 
effective use, and creating an infrastructure for 
the future, which is likely to be hotter and drier 
than ever before. This is not a patrician issue. It is 
not even a regional issue. This is a quality-of-life 
issue and a critical economic issue. No one wants 
to see southern New Mexico farmers forced to 
decide what crops to let die, or see state parks 
close because your lakes are dry, or see urban 
areas turned into deserts. Policymakers, water 
scientists, water managers, the soccer mom, and 
the oil engineer, all New Mexicans need to commit 
to a water secure future for New Mexico. We need 
to work together, and we need your creativity to 
address these issues. Thank you so very much and 
I wish you success on your projects here today, 
and trying to fill out and look at other solutions 
that we can come to.  
 
Thank you so very much.
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Heather W. Balas, New Mexico First

Heather W. Balas is President and Executive Director of New Mexico First, a public 
policy organization that engages people in important issue facing their state or 
community. Established in 1986, it offers unique town halls and forums that create 
recommendations for policymakers and the public. A fifth-generation New Mexican, 
Heather has over 20 years of experience in public policy, including citizen outreach, 
voter education, coalition-building, and policy research. She worked in Washington, 
DC and San Francisco for several years before returning to her home state. Previous 
employers include the Commission on Presidential Debates, the California Center for 
Civic Participation, the Henry J. Kaiser Family Foundation, and the National Network 
for Youth. She holds a master’s degree in political communication from the University 
of Maryland. Heather is married and is a mom to two busy children.

Editor’s Note: In lieu of the presentation transcript, we have included 
selections from the New Mexico First 2014 final report entitled, Water: 
A Town Hall on Water Planning, Development and Use, 2014, with 
permission from the author to accompany the speaker’s slide presentation.

What is New Mexico First?

Generator of 
Unbiased Research

Champion for Citizen 
Engagement in 

Policy

Nonpartisan and 
Nonprofit

2014 New Mexico First Water Town Hall

How Do We Make a Difference?

From improved preparation for math and science 
teachers, to small business tax credits, to expansion 
of Medicaid to provide health insurance for more 
New Mexicans, New Mexico First advancement of 
town hall priorities makes a difference in this state. 

How do we make a difference? 
• Teacher training in STEM fields, 2014
• Funding for Job Training Incentive 

Program (JTIP), 2014
• Renewal of regional water planning 

process, 2013
• Expansion of federal Medicaid, 2013
• Small Business Task Force on Regulatory 

Reform, 2011 
• Establishment of New Mexico Mentorship 

Day, 2011 
• Executive Order on energy development, 

2009 
• Marketing support for NM agricultural 

products, 2009
• Wellness of the Workplace Memorial 24, 

2009 

• Healthy New Mexico Task Force, 2008 
• Medical student financial support: aid to 

repay loans, incentives to stay in NM, 
2008 

• Alignment of HS graduation requirements 
with college entrance exams, 2007 

• PED Math & Science Bureau, 2006 
• High School Reform Act, 2006 
• Small Business Regulatory Relief Act, 2005 
• Renewable Energy Act and the Renewable 

Energy Production Tax Credit, 2002 
• NM Tax Research Institute, 2001 
• Phase-in of full-day kindergarten, 1999

2014 New Mexico First Water Town Hall

About the Town Hall
• Over 300 people, from 31 counties

• Urban, rural and tribal 

• Business, environment, researchers, 
municipalities, agriculture, government, elected officials, students

• 15 final recommendations-6 themes

2014 New Mexico First Water Town Hall
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REALLY PLAN FOR THE FUTURE

Town hall participants are deeply concerned 
about water shortages and future droughts. They 
see long-term, common sense water planning as 
a key tool, so they strongly champion existing 
state and regional planning efforts. However, 
they want a planning process that does not sit 
on a shelf. Integration of economic development, 
agriculture, land-use and transportation plans are 
seen as essential to smart water policy. Participants 
believe our water supply must be resilient – 
even in emergencies. To achieve that resiliency, 
communities must adapt in the face of crisis. They 
need tools and education to do that hard work in 
advance. Lastly, communities, regions or tribes 
cannot solve water supply problems on their own. 
Everyone must collaborate more.

RECOMMENDATION 1: Improve State and 
Regional Water Plans 

Action: Strengthen the regional and state water 
planning and implementation process to promote 
long-term planning, while maintaining short-term 
adaptability.

Strategies:
• Achieve consistent, dedicated funding for 

water planning.
• Revise regional water plans so they are 

internally consistent and integrated into the 
State Water Plan.

• Utilize best available science to improve 
water supply forecasts.

• Create the necessary mechanism to ensure 
successful implementation of regional water 
plans.

• Integrate public water supply and sanitation 
planning with the separate planning pro-
cesses for agriculture/ land use, transporta-
tion and economic development. Promote 
water conservation and healthy ecosystems 
within all those efforts.

Level of Support: 97%

2014 New Mexico First Water Town Hall

Six Big Themes
1. Water Planning

2. Healthy watersheds and 
ecosystems

3. Legal issues

4. New sources

5. Water funding

6. Water conservation and quality

2014 New Mexico First Water Town Hall

REALLY plan for 
the future!

Rec 1: Improve state and 
regional water plans.
Rec 2: Make our water 
supply resilient and 
flexible.
Rec 3: Plan for extreme 
droughts.
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RECOMMENDATION 2: Make Our Water Supply 
Resilient and Flexible

Action: Ensure that water supply systems are 
resilient and flexible, adapting to short-term and 
long-term water shortages. 

Strategies:
• Create emergency action plans and tools 

capable of rapid response to a water supply 
crisis.

• Use the regional water plans to prioritize 
water initiative funding.

• Prioritize financing for water initiatives that 
provide flexibility, quantifiable impacts and 
accountability.

• Develop and fund planning tools, such as 
data, interactive water budgets, as well as 
aquifer characterization and modeling for 
water planning purposes.

• Build community capacity for long-term 
resiliency by providing essential resources 
to people in local governance and water 
management (leadership training, technical 
support, access to experts, etc.)

Level of Support: 95% 

RECOMMENDATION 3: Plan for Extreme 
Droughts

Action: Plan for extreme variations in precipitation, 
recognizing that water is precious, supplies are 
highly variable, and that our current drought 
situation may not be temporary.

Strategies:
• Convene representatives from tribes, land 

grants and 16 water plan regions annually 
to discuss their water situation and needs. 
This information will help New Mexico bal-
ance overall usage and avoid overextending 
water resources.

• Create statewide expert panels to inform re-
gions on costs, benefits, legal limitations and 
implementation considerations on specific 
issues that are common to many regions 
(i.e., agriculture and municipal conserva-
tion, watersheds, etc.).

• Ensure that aquifer contamination and 
depletion are addressed in water planning.

• Develop a K-12 curriculum and smart phone 
app that engages students in thinking about 
short and long-term water planning.

• Advance public acceptance of the need to 
balance renewable water supply and de-
mand.

• Address the problem of planning for contin-
ued growth planning; consider a no-growth 
scenario.

Level of Support: 91%
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RECOMMENDATION 5: Protect Against Wildfire 
and Water Source Loss 

Action: Create a 20-year wildfire and water source 
protection plan, and establish sustainable funding 
that leverages federal, local and private resources 
for watershed-scale restoration.

Stategies: 
• Produce and publicize an annual watershed 

report card that: 
• Offers achievable goals
• Assesses the acreage at risk in key water-

sheds for loss due to catastrophic fire over a 
20-year period

• Documents and promotes water manage-
ment success stories

• Provide incentives to leverage resources for 
watershed scale implementation (e.g., tax 
incentive for projects that use NM forestry 
products, fund research on low quality 
wood, tax credits for National Environmen-
tal Policy Act analyses by firms).

• Base the relationship between the NM Office 
of the State Engineer and the U.S. Forest 
Service on the Organic Administration Act, 
and implement its intent through the NM 
State Water Plan and the NM Watershed 
Health Plan.

• Take legislative action to promote pre-
scribed fires, change policy to permit fires to 
burn and give private landowners indem-
nity from liability if they follow prescribed 
burn prescriptions.

• Emphasize that water is a driving economic 
force.

Level of Support: 83%

RECOMMENDATION 4: Restore Watersheds 

Action: Fund and implement long term, 
collaborative, comprehensive watershed-scale 
restoration projects to foster healthy ecosystem 
function and resilience.

Strategies:
• Thin forests to reduce catastrophic fires and 

increase water supply.
• Include all interested parties (e.g., land 

owners, communities and regional, state or 
federal agencies), and increase coordination 
between those stakeholders and funders.

• Use the New Mexico Forest and Watershed 
Health Plan as a resource for communicat-
ing to policymakers.

• Promote land management policies that 
retain access to public lands for purposes of 
restoration of forests and watersheds (i.e., 
access to road-less areas, keeping existing 
roads available, or federal activities that 
would prevent access). 

• Integrate efforts with the current U.S. Forest 
Service Rule Revision process. 

• Expand state water planning to specifically 
include protecting and improving water-
sheds.

• Develop a system to evaluate and track 
overall progress on watershed restoration.

Level of Support: 97%

2014 New Mexico First Water Town Hall

Keep watersheds and 
ecosystems healthy

Rec 4: Restore watersheds.
Rec 5: Protect against 
wildfire and water source 
loss.
Rec 6: Reduce endangered 
species conflicts.
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2014 New Mexico First Water Town Hall

Address Legal and 
Management Issues

Rec 7: Advance shortage-
sharing agreements.
Rec 8: Improve water rights 
management.
Rec 9: Improve adjudication 
process.

RECOMMENDATION 6: Reduce Endangered 
Species Conflicts 

Action: Reduce the incidence and impact of 
conflicts between endangered species and water 
users by proactively solving Endangered Species 
Act (ESA) issues.

Strategies:
• Balance actions that result in habitat im-

provement so that they benefit both the 
endangered species and other users.

• Advance projects that reduce likelihood of 
future ESA listings.

• Ensure peer review of the science, method-
ology and data.

• Increase community consultation to find 
and implement regional solutions.

• Develop and fund recovery programs.

Level of Support: 78%

This strategy was originally drafted by the town 
hall as part of Recommendation 2 on water supply 
resiliency.

The U.S. Forest Service Organic Administration 
Act is a foundational law governing the 
administration of national forest lands. Additional 
information is available at http://www.fs.fed.us/
forestmanagement/aboutus/histperspective.shtml.

RECOMMENDATION 7: Advance Shortage-
Sharing Agreements

Action: Promote, develop and implement water 
shortage-sharing agreements among water 
right owners at the local level to facilitate water 
allocations during times of shortage.

Strategies:
• Require and fund water-use measuring or 

metering to inform and implement agree-
ments. 

• Provide educational outreach regarding 
sharing agreements including use of the ace-
quia model of “repartimiento” or sharing. 

• Develop a template for sharing agreements.
• Create incentives for entities to enter into 

sharing agreement negotiations.
• Provide resources to implement Active 

Water Resource Management Initiatives in 
seven priority basins, and involve broad, 
local input into decision-making.

Level of support: 94%
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RECOMMENDATION 8: Improve Water 
Rights Management

Action: Strengthen, coordinate and fund 
administration and management of surface and 
groundwater (both fresh and brackish).

Strategies:
• Incentivize conservation as well as negotia-

tion on water sharing by building capacity 
for priority administration, evaluating the 
impact of priority administration and imple-
menting Active Water Resource Manage-
ment.

• Review and revise groundwater manage-
ment rules and regulations to improve long-
term viability of the resource and reduce 
depletion.

• Task and fund an appropriate entity to work 
with government agencies and academic 
partners to develop a knowledge-base of 
best available science and management 
practices for water shortage response and 
mitigation.

• Utilize the market, a fair and efficient water 
transfer process as well as other incentives 
to mitigate against shortage.

• Encourage the licensing of water rights.

Level of support: 88%

RECOMMENDATION 9: Improve 
Adjudication Process

Action: Increase the efficiency, timeliness and 
fairness of the adjudication process.

Strategies:
• Set target dates to promote settlements and 

completion of adjudications.
• Streamline procedures that cause delays in 

the adjudication process. (Build on 2009 Sen-
ate Joint Memorial 3 report.) 

• Create incentives that make water right 
holders eager to be fully adjudicated.

• Promote negotiations to resolve differences 
during the hydrographic survey process.

• Increase state funding for the adjudication 
process overall, including for: 

• NM Office of the State Engineer hydro-
graphic survey staff, paralegals, attorneys 
and information dissemination

• Community water organizations and local 
governments to participate in the adjudica-
tion process

• Local water organizations to support and 
conduct hydrographic studies

• Adjudication courts
• Funding must be stable. Options include: 
• A statewide water bond measure
• A return to general operations funds (rather 

than irrigation works construction funds)
• Allowing private funds to be used to com-

plete adjudications 
• Ensure that the state water plan update 

includes an assessment of funds required to 
complete adjudications.

Level of Support: 80%
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The term "repartimiento" refers to the customary 
and cultural practice of sharing water. It is 
based on creating a culture of interdependence, 
particularly during times of shortage. In the 
New Mexico acequia community, the term refers 
specifically to the practice of sharing water 
between irrigators who share an acequia and also 
to the practice of sharing water between acequias 
who share a common source of water such as a 
stream or river.

• This strategy was originally drafted by the 
town hall as part of Recommendation 9 on 
the adjudication process.

• The report, Assessing Potential Changes to 
the New Mexico Water Rights Adjudication 
Process, was prepared in 2009 by the UNM 
law school. 

2014 New Mexico First Water Town Hall

Pursue NEW 
Sources of Water

Rec 10: Capture precipitation.
Rec 11: Assess brackish water 
sources.
Rec 12: Clarify 
brackish/produced water 
process.

PURSUE NEW SOURCES OF WATER

New Mexico currently uses more water than we 
take in. Our freshwater aquifers are depleting, and 
surface waters are also reduced due to prolonged 
drought. The town hall recommends exploring 
at least three new sources of water: precipitation 
capture, non-potable brackish water and 
“produced water” brought to the surface through 
oil and gas mining. The viability of these options 
varies, and some solutions might be used only 
for grey-water or agriculture. All three options 
require considerable legal and scientific research, 
regulatory change and potential legislation. 

RECOMMENDATION 10: Capture Preciptation

Action: Capture and use precipitation to provide 
more water for beneficial use to offset natural loses 
and within existing compact limits.

Strategies: 
• Initiate and fund new water supply and 

storage projects such as aquifer storage and 
recovery, reclaimed wastewater, brackish 
water, surface water storage, storm water 
capture and water delivery enhancement.

• Increase water harvesting through more ef-
ficient storm water management. 

• Capture and channel water to recharge 
aquifers. 

• Make more efficient use of existing dams, 
including berms.

• Apply rain capture practices to range man-
agement. 

Level of Support: 90%
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RECOMMENDATION 11: Assess Brackish 
Water Sources

Action: Evaluate the characteristics of brackish 
water sources (i.e., quality, quantity and locations 
throughout the state).

Strategies:
• Rank brackish water basins based on de-

velopment potential according to state and 
regional water plans in order to expedite 
exploration and characterization plans.

• Fund statewide studies, programs and/or 
pilot projects coordinated by universities, 
national laboratories, the private sector and 
government agencies (e.g., U.S. Geological 
Survey, U.S. Department of Energy, U.S. 
Bureau of Reclamation, NM Office of the 
State Engineer and NM Energy, Minerals 
and Natural Resources Department - Bureau 
of Geology) to: 

• Identify locations of brackish water aquifers
• Evaluate their hydrogeological and geo-

chemical characteristics
• Evaluate discharge opportunities
• Evaluate the impacts of development, 

treatment or use based on their established 
rankings

• Establish a long-term educational compo-
nent that includes the following: 

• Fund collegiate water internships in state 
agencies

• Integrate university students in character-
ization and monitoring

• Expand Youth Conservation Corps partici-
pation in water projects

• Expand existing water educational opportu-
nities

• Enhance the K12 curriculum on water issues

Level of Support: 91%

RECOMMENDATION 12: Clarify Brackish/
Produced Water Process

Action: Clarify or create consistent processes 
among appropriate regulatory agencies for: 
1) use of brackish water and 2) use and re-use 
of produced water generated by oil and gas 
development. 

Strategies: 
• Review existing statutes, regulations and 

policies with public and private stakehold-
ers to determine needed changes and to 
identify a one-stop-shop permitting ap-
proval process.

• Establish a coordinated process between 
state and federal entities to facilitate the 
development and use of brackish water.

• Allow extended temporary permitting of 
pilot brackish water supply developments.

• Evaluate the economic costs and benefits 
and environmental impacts of desalinated 
water to increase water resources.

• Allow development to increase the use and 
re-use of produced water.

Level of Support: 86%

This strategy was originally drafted by the town 
hall as part of Recommendation 2 on water 
resilience and supply. 
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IMPROVE WATER FUNDING POLICIES

There are many competing needs for water 
funding in New Mexico. Given the state’s limited 
dollars, town hall participants want money 
spent as efficiently as possible. Existing funding 
structures appear to overlap and underutilize 
federal and private sources. The town hall urges 
increased integration and planning among funders, 
plus research on how to create a more unified 
funding system. In addition to how the state funds 
projects, the town hall focused on what should be 
prioritized. Investments in water resources and 
supply are a top priority. Furthermore, we must 
make sure that once new water projects are built, 
public investments are not squandered through 
poor management or lack of maintenance.

RECOMMENDATION 13: Invest Water 
Dollars Wisely

Action: Maximize investments in water resources, 
supply and related concerns.

Strategies:
• Increase investments in water source protec-

tion and restoration.
• Identify or create an entity to research and 

develop new funding mechanisms and 
sources and coordinate funding programs.

• Use assessment and development processes 
such as LEAP (Lifecycle, Effective Use of 
Public Funds, Appropriateness, Prioritize) 
to identify projects for public and private 
investment within a unified funding system.

• Improve the investment process to coordi-
nate, publicize and provide technical, finan-
cial or managerial support for managing 
assets. (Examples of assets include dams, 
irrigation canals, water supply or treatment 
systems). 

• Improve public-private partnerships to 
maximize investment in and funding for 
water-related projects.

Level of Support: 88%



Heather Balas150

November 18-19, 2014

PROTECT WATER QUANTITY AND 
QUALITY

Water conservation is essential, particularly in a 
desert state. It is equally important, says the town 
hall, to guard against groundwater contamination 
and other sources of water pollution. Advancing 
these goals will require education, research and 
engagement by a wide range of stakeholders. 
From farmers to urban homeowners – as well as 
businesses, municipalities and policymakers – 
New Mexicans will have to collaborate in order to 
achieve water conservation and protection goals. 

RECOMMENDATION 14: Expand Water 
Funding Sources

Action: Develop more sophisticated and diverse 
funding sources for vetted water projects that 
leverage public and private resources and 
expertise. 

Strategies: Investigate and/or move forward 
with public-private partnerships, as well as pass 
enabling legislation or guiding principles for 
public-private partnerships. 

• Identify and review use of new funding 
sources. (e.g., leveraging the market, general 
obligation bonds, irrigation works construc-
tion fund, Federal Emergency Management 
Agency fund, State Investment Council, 
etc.).

• Identify, establish and commit to an initial 
dollar amount for funding water projects 
(e.g., $250 million/year for five-years) and 
then, establish the recurring amount needed 
to fund the life of the projects (i.e., needs 
should be specifically outlined).

• Review and reform the funding process to 
ensure sustainable funding for the life of 
water projects including use of revolving 
loan programs, grants, user fees and lever-
aging federal funds.

• Monitor and evaluate funded water projects.

Level of Support: 88%

2014 New Mexico First Water Town Hall

Protect Water 
Quantity and Quality
Rec 15: Conserve water and 
protect against contamination.
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2014 New Mexico First Water Town Hall

How can you help? 
1. Subscribe to our blog at nmfirst.org. 
2. Advance these ideas in your own work.
3. Alert us to legislative or regulatory efforts. 
4. Share your expertise. 

RECOMMENDATION 15: Conserve Water and 
Protect Against Contamination

Action: Protect water resources (supply and 
quality) through research-based conservation and 
reuse, policy change and collaboration.

Strategies:
• Create education for business, industry, 

agriculture, municipalities and residential 
water users that:

• Promotes water conservation
• Gives consideration to ethical management 

of water resources
• Promotes wastewater reuse
• Explores new water supplies
• Protects water quality
• Advance change in legislative and regula-

tory policy that: Promotes conservation by 
incentivizing and maximizing the efficient 
use of funding and public resources

• Ensures the statewide water plan maximizes 
economic opportunities, protects the envi-
ronment, prevents pollution, gives consid-
eration to future generations and simplifies 
public policy (while adhering to federal and 
state regulations as well as compact obliga-
tions). 

• Protects local and regional water supplies

Level of Support: 88%
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Identification of Law and Policy Options for Best Water 
Management Practices

Adrian Oglesby, Utton Transboundary Resources Center, UNM

As the Director of the Utton Transboundary Resources Center at the UNM School of Law, 
Adrian works to develop meaningful legal and policy solutions for natural resource 
challenges facing New Mexico. Before graduating from the UNM School of Law, Adrian 
managed environmental cleanup projects. He has since run a successful law firm that 
provided legal counsel to tribes, farmers, and NGOs on water and environmental issues. 
He also represented the New Mexico Interstate Stream Commission on the Pecos River 
and he established and managed a river protection program for The Nature Conservancy 
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Good morning, my friends. I’m going to set a 
timer as I’ve been asked to give a 90-minute 

talk in six minutes. First off, I want to thank 
Heather Balas for her presentation. This will be a 
bit of déjà vu as I’m going to say a lot of the same 
things Heather said.

Let me thank WRRI for keeping Al Utton’s legacy 
alive. The Utton Transboundary Resources Center 
also is trying to keep Al’s work going. Al was a 
big influence on me as a first year law student, so 
it means a lot to me that WRRI is continuing to 
host the Utton Memorial Water Lecture. Thank 
you, John Hawley, for such a great Utton Lecture 
yesterday.

I also want to take this opportunity to recognize 
the folks that help me so much at the Utton Center. 
We have Darcy Bushnell in the audience who is 
our Adjudications Ombudsman. I saw Susan Kelly 
here yesterday; she is a former director of the Utton 
Center and did some tremendous work during her 
time at the Center.

I’m very lucky—I don’t have to teach, but I get 
to work with students. I have five or six students 
working for me at any one time. I’ve found that 
the students who are interested in water, and 
who come to the Utton Center, are the cream of 
the crop. They are some of the best students that 
we have. For those of you who are in the Water 
Resources Program at UNM and are here today, 
feel free to come visit us at the Utton Center. We 

hire from that program as well, at a generous rate 
of $12 an hour.

The Utton Center held a by-invitation-only 
conference, partially funded by WRRI, to bring 
together legal scholars from around the West. At 
our conference, we had folks like of Dan Tarlock, 
David Feldman, and Stephen McCaffrey—big wigs 
in western and national water. We employed the 
Chatham House Rule, which means that we agreed 
that everyone could speak freely, and outside of 
the conference, without their permission we would 
not attribute anything to any particular individual. 
This allows folks to speak a lot more freely we 
have found. We are going to put together a 
conference report and it should be on our webpage 
soon. Go to the Utton Center webpage and you will 
find information on the Water Matters document 
we produce every year and which has become, 
essentially, an encyclopedia on New Mexico water 
issues. We are revising the current document and 
hopefully we will have it ready in a month or so.

The title for my talk on the agenda is Identification 
of Law and Policy Options for the Best Water 
Management Practice. That’s a little cumbersome. 
I’m going to adopt a term John Fleck used 
regarding that type of discussion—he refers to 
it as, “Tinkering with the Immutable.” I think 
that is very appropriate because so much of New 
Mexico’s water law feels immutable, and it often 
feels like we can’t do much more than tinker 
around the edges. I’m going to suggest that we 
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do a bit more than that. Hopefully I’m not going 
to lose any friends in the audience today, but we 
are going to say a few things that may rattle a few 
people. That is our intention and that is what we 
need in New Mexico.

Our conference was focused around the concept 
of resilience—a new buzz word the last few 
years. You know, we talked about sustainability 
for so long with the hope that we could keep 
things going and live in a way that would last 
for our children. Well, we are kind of giving up 
on sustainability. We are just going to talk about 
resilience, which means that we want to survive 
heavy impacts. We want to be able to bounce back 
from drought and survive climate change in a 
way that at least somewhat maintains the current 
lifestyles that we all enjoy. Sandia Lab sponsored 
a conference two years ago on transformational 
solutions. I think they are a bit ahead of us all. The 
next step after giving up on resilience is to talk 
about transforming. So maybe we are a bit behind 
the times already on that one. What we are looking 
for is the capacity to change and capacity to adapt. 
Law and policy is a difficult place to do that. 

I’ll start with some of the mushier topics. One thing 
that is really important, we find, is that process is 
very important and your attitude as you go into 
process is very important. Again stealing a term 
from John Fleck this is reflected in the concept of, 
“social capital.” Social capital is the notion that 
if you can build your social capital before you 
need to be resilient—if you have your network 
of associates, friends, and people you work with 
well in line and in place before the crisis hits, you 
are going to survive that crisis a whole lot better. 
The example that comes to mind for me is my next 
door neighbors who have a well, solar panels, and 
a nice storage of food. I have nothing, and when 
the crisis comes, I am going to count on my social 
capital with them so that they open the door and 
let me in.

On that note, my personal small effort to build 
social capital in the water world is that every four 
to six weeks or so, I try to host a happy hour, and 
we refer to it as the Stansbury Hour, after Melanie 
Stansbury who got it started years ago, and is now 
at OMB at the White House working on water 
issues, making us proud here in New Mexico. 
You are all invited to the Stansbury Hour. I have 
a list of email addresses that I have been slowly 
compiling over the years. If you are not on the list, 
feel free to email me or catch me in the hall.

That gets me to the topic of what I think John Fleck 
has termed, “dark social capital.” I got so excited 
about this idea. I love collaboration. I love working 
with people and John said, “You know, be careful, 
there is dark social capital out there.” These are 
the forces that want to maintain the status quo. I 
complained, “John, we don’t have enough social 
capital to make changes in New Mexico.” That’s 
because there is so much social capital in place 
to maintain the status quo. Any of you have 
spent a day or 12 years in the Middle Rio Grande 
Endangered Species Collaborative Program know 
exactly what I am talking about. We have this new 
impact, the fish, and we have spent 12 to 15 years 
now trying to maintain the status quo. We have 
been very successful at it, and we don’t have any 
fish. There is room for improvement in that process 
I will say. I’ll credit the folks at Sandia Labs who 
hosted the Transformational Solutions conference 
and Howard Passell and his colleges who put out 
the report from that conference. They point out 
that disrupting the status quo takes courage. At 
our conference, we gave people courage by giving 
them anonymity, but you all need to have courage 
in your day-to-day life to make these kinds of 
changes. 

The other aspect beyond individual relationships 
are institutional relationships, of course, and 
one thing that became very clear to us from our 
conference discussions was the importance of 
institutional integrity. Just like great men keep 
their word, great agencies should keep their word. 
Agencies need to work in a way that develops 
public trust and confidence, or else they are just 
not going to be successful. I live a wonderful 
example of that. Some of you know that I am on 
the Board of Directors of the Middle Rio Grande 
Conservancy District. For five years we have 
been working hard to reform the district. One of 
my fellow directors was here yesterday, Karen 
Dunning. I owe a lot to Karen for her partnership 
with me on that Board. We have made tremendous 
reforms at the conservancy district. 

About four or five years ago an outfit called the 
Atalaya Institute did a qualitative study on why 
farmers sell their water rights. As part of the study 
they were looking at confidence in institutions, 
and what became clear was that the MRGCD 
ranked a little bit below used car salesmen, and, 
unfortunately, the state engineer ranked a little 
bit below the MRGCD. So we’ve all got room for 
improvement, and it takes a lot of hard difficult 
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work. I can attest to that from the last five years 
I’ve spent at the conservancy district. We hope that 
you will see the changes that have happened there 
and we hope they are for the better of New Mexico 
overall.

On the note of public integrity and trust, we talked 
a little bit about the public process of the three I’s 
which is very common: you invite people, you 
inform people, and then you ignore people. We 
want to get away from the three I’s, we want to 
really listen to people because they are the ones 
who elect us at the end of the day. They are the 
ones whose water we are playing with.

Let me get to the specifics of our proposals, and 
again, you are going to hear a lot of the same 
ideas that Heather Balas threw out. We went back 
through as many conference reports as we could 
find, as many water recommendations we could 
find, and compiled all of the ideas. We presented 
those to our conference participants and then let 
them winnow out their own ideas. The one report 
that we didn’t look at ahead of time was the report 
from the Sandia Labs Transformational Solutions 
conference. If you look at that report, you’ll note 
that we had a lot of the same participants, and I 
actually regret not seeing that report first. It would 
have saved me a whole lot of time.

Money. I will start off with the hard one. We must 
pay for this stuff. We are not paying for water 
in New Mexico as it is—we pay for operations, 
maintenance, and construction, but we don’t pay 
for the water. There are many different ideas 
on how to generate recurring capital for water 
projects and water management. The idea that 
rose to the top for us was severance fees, charges 
on withdrawals for non-renewable resources, and 
user taxes on withdrawals from renewable sources. 
We contemplated starting small so we could get 
the administration in line with taxes and revenue; 
we would want to scale it across industries—
maybe something along the lines of $1 per acre for 
agriculture, $10 per acre foot for municipalities, 
and $15 for industries. Of course, the details would 
be hashed out.

It is time we start paying for our water. How we 
measure would be related directly to how we 
would collect these fees, and that raises other 
challenges. It’s something that has been tried 
before. We have seen legislation try to do this in 
the past but that has failed, and we are at a stage 

now where we cannot continue to rely on capital 
outlay. The price of oil right now is about $72 a 
barrel. Most of you know that every time the price 
of a barrel of oil changes by a $1, the impact to 
New Mexico’s economy is $6 million. We need to 
be looking at other sources and I’ll let you think 
about that for a bit.

Heather Balas talked quite a bit about water 
planning and so did we during our conference. 
I want to start my somewhat critical discussion 
of water planning by saying how much I admire 
Angela Bordegaray and the work she does at the 
Interstate Stream Commission. She has a very 
difficult job and to have only one water planner at 
the state level in New Mexico sends a very strong 
message, not only to New Mexicans, but to people 
who are thinking about investing in New Mexico. 
Not having robust water planning is the signal that 
we are not taking water seriously, especially when 
you see how much is being invested in planning by 
our sister states. 

We talked a lot about the scope of expanding 
regional water planning. The criticisms that you 
hear around the state are the same ones that we 
raised: a lack of inclusion and climate change data. 
There also is a lack of use of consumptive use data. 
There is the lack of consideration of environmental 
issues. As we go around from region to region, 
these concerns are echoed and it is something that 
we will encourage the folks who are involved in 
regional water planning to consider including. In 
the Middle Rio Grande, we have a Water Assembly 
that may actually work on a parallel but separate 
track to do their own water planning because of 
their lack of faith in the current process—and 
again, that goes to institutional integrity. 

I don’t want these criticisms to be seen as attacks. 
Again, I sit on the Board of the Middle Rio Grande 
Conservancy District and it has been one of the 
most broken agencies in New Mexico, with some 
horrendous stories that I can tell you out in the hall 
about mismanagement, inequitable water delivery 
treatment and such. I guess my message is that we 
all need to do better, and this message comes from 
a place of love.

Concerning the Middle Rio Grande, I am told 
we will be getting $15,000 for next year’s water 
planning. This is the economic center of New 
Mexico and we will be getting $15,000 for water 
planning. That sends a signal to me.
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The other suggestion that came out of our 
conference concerning water planning—and 
I don’t mean to kick an agency while they are 
down—but it was suggested that we reform the 
Interstate Stream Commission. The Interstate 
Stream Commission is currently composed of 
representatives of major agricultural sectors—
that’s what the statute says. I know we haven’t 
followed that statute precisely, but it is largely 
the flavor of the Interstate Stream Commission 
(ISC). Our conference participants felt that the 
ISC commission might do well to transform to 
look more like the Colorado Water Conservation 
Board, to have a broader mandate, to get more 
involved in water issues statewide, and to have a 
broader and wider representation of the citizenry. 
And perhaps to have a broader range of expertise 
on the commission as well so that it’s not just the 
agricultural sector being represented, but that you 
might have a few scientists, and an economist; 
that you might have a broader range of intellect 
to guide the commission staff. I am a former ISC 
employee myself. I love this agency. I think it has 
amazing potential, and I’m really looking forward 
to seeing where it goes in the future. Those of you 
who have watched the ISC in the last 10 or 15 years 
have seen that it has grown in a dynamic way and 
it has tremendous potential. 

Let me talk a bit now about water rights 
administration. We have participated in previous 
efforts and discussions about how to reform 
the adjudication process. In fact, there was an 
organized effort several years ago, and my 
understanding is that a report came out and the 
ideas in it were very controversial. I cannot get a 
copy of that report from its authors. We all know 
the adjudication process is impracticable and 
interminable; our suggestions did not touch upon 
mucking around with the ongoing adjudications. 
These are processes that a lot of people are putting 
a lot of time and effort into. Judges are running 
those processes. We are going to defer to them to 
do their best, keep making progress, and get them 
wrapped up. Concerning the Middle Rio Grande, 
we have talked about concepts like limiting our 
adjudications to large blocks of water like the 
Conservancy, the Pueblos, and the cities. Let’s do 
those first.

Another idea that came up: a conservancy 
district like my own is authorized under statute 
to conduct internal adjudications. If we did a 
block adjudication, just draw circles around the 

conservancy districts and—with a little funding—
do our own internal adjudication. This may speed 
things up because we understand the system better 
than anyone else. A suggestion came up that we 
only adjudicate pre-1907 water rights, that we let 
permits speak for themselves. On the permit front, 
there was discussion that perhaps we could go to 
a renewable license system that is reviewed on a 
periodic basis. Every ten years everyone’s water 
licenses are reviewed to make sure that there is no 
waste involved, that best technologies are being 
used, and that people are informed about best 
practices. That was a pretty interesting concept.

A suggestion was made to do what has been done 
in other states, which is to exclude or summarily 
adjudicate de minimis water rights; for two acre-
feet or less, you use a standard process that deals 
with those rights. Another thing—which hopefully 
our State Engineer Scott Verhines will be enthused 
about—would be to empower the state engineer, 
encouraging the state engineer to enforce priorities 
or alternative management agreements even 
without priority calls. What that really boils down 
to was everyone getting behind Scott Verhines 
as he tries to develop basin-specific regulations 
for Alternative Water Resources Management 
(AWRM). AWRM is a wonderful opportunity for 
us to adapt prior appropriation. You may have 
heard Reed Benson’s comment yesterday, “Prior 
appropriation is alive but irrelevant.” I attended a 
conference a few years ago hosted by the Getches 
Center, which a really great law and policy center 
up in Colorado, and they opened the meeting by 
saying, “Prior appropriation is dead.” I’m more 
of the mind like Reed—it’s irrelevant, but it is 
alive, and we need to deal with it. It is a guiding 
principle, so let’s try to support the state engineer 
as he grapples with it.

Another concept that we talked about was non-
consumptive uses of water. Yesterday Steve 
Harris confirmed that we all believe that in-stream 
flows are legal in New Mexico. There is a lot of 
ambiguity about these uses. We think that it would 
bode well for New Mexico to develop a system for 
recognizing and administering non-consumptive 
uses of water with policy guidance, and some basic 
information. We all struggle with this concept, and 
we work around the edges to implement our in-
stream flows. It would be nice if we could do it in 
a straightforward, candid way—a way that would 
provide certainties for the communities where 
these flows run. Along those lines, another one 
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of our recommendations was to encourage local 
municipalities to get involved in the acquisition 
of in-stream flow rights in order to benefit their 
local economies. That’s something we observe in 
Colorado where we see river parks within cities. It 
would spread the load out a little bit as well and 
keep some of the pressure off of the state.

We talked about changes in water storage and 
moving water up or down the system. Can we 
move more water upstream? Can we keep more 
water in Cochiti, in Abiquiú, in Heron? Can we 
move our water down into our aquifers? We 
strongly encourage research on the institutional 
barriers that keep us from doing large scale aquifer 
storage in New Mexico. We believe this is a big 
part of the future. We see our neighboring states 
doing this and we need to get serious about it. We 
do have some exciting pilot projects going on, but 
we don’t have the momentum that we need on 
this topic yet. Of course, there is a little something 
called the Rio Grande Compact. Herman 
Settemeyer from Texas was here yesterday, and I 
am looking forward to talking with him about how 
Texas might help us better consider aquifer storage 
and alternative reservoir arrangements.

Along those lines, we are also hoping that we 
will see a National Academy study of the Rio 
Grande reservoir system that would eventually 
lead to reauthorization of all our reservoirs as 
multifunction reservoirs and to move away from 
being single reservoir systems. For example, 
Cochiti is currently being used for flood control 
and recreation. The Middle Rio Grande can’t use 
Cochiti to regulate irrigation water. We have a 
three-day transit time from El Vado to get water to 
our farmers. If it rains during those three days, we 
lose that water. If we could hold it at Cochiti, all 
of a sudden things would look more flexible and 
more fun.

We talked a little bit about shallow aquifer storage 
and reuse where appropriate for agriculture. I 
won’t go into the details on that. We talked about 
small scale storage, perhaps storage within drains 
within our conservancy district, and opportunities 
to regulate small amounts of water in irrigation 
districts; this is something we used to see in 
New Mexico often, but it is a concept that has 
kind of gone away. And there is preservation of 
agriculture, of course, something close to my heart. 
We had a lot of suggestions in this realm, but I’m 
going to touch on just one.

As we go through buy-and-dry programs like we 
did on the Pecos, we are being strongly encouraged 
to fallow agricultural land and lease water to the 
river and the Rio Grande. I want people to think 
about taking water from the least productive lands. 
Go out and find those lands that are taking the 
most water to produce the least crop. What we 
did on the Pecos is we went out and first targeted 
the senior best water rights and bought up some 
of the best farm land. Of course, you’ve seen that 
the state is now struggling to move the water back 
to those great farm lands. These buy-and-dry 
program have great potential to leave nothing but 
marginal agriculture in place, because you want to 
buy that best water right. There are a lot of great 
ways of finding which lands are using the most 
water to produce the least amount of crop. I’ll let 
some of you technical folks catch me up on that 
later in the hall.

Let me wrap up with talking about some of our 
non-consumptive uses: recreation, and tourism. 
We see that New Mexico is lagging behind on 
encouraging these very important economic 
sectors. Birding in particular is really interesting. 
If a rare bird in Mexico comes up into the Bootheel 
region, we get people flying down from Seattle 
to stay at expensive lodges, and rent cars, and 
go down and try to find these birds. Hunting is 
a wonderful revenue generator as is fishing and 
rafting, but birding is a real money maker, and it 
is something that we could really highlight here in 
New Mexico even though most of us don’t think 
about it. We want folks to start thinking about the 
economic value of those non-consumptive uses. 
As we try to bring industry and business to New 
Mexico, many want to know about secure water 
supplies. These are ways to protect our beautiful 
rivers while we maintain our culture, and make a 
little bit of money. It’s a lot of fun to do.

On the bigger environmental picture, the 
recommendation that you have all heard before 
and are all going to hear again is: Let’s stop 
managing for single species. Let’s stop managing 
the Rio Grande for the silvery minnow. Let’s start 
managing it to support the ecosystems that all 
of the species depend upon. We need to save the 
minnow. We need to save the cuckoo. We need to 
save the little flycatcher. If we are only managing 
the river for one of them, we are going to do 
damage to others. We are going to do damage to 
ourselves. We want to look at this in a holistic way.
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Take a look at Heather Balas’s work at New Mexico 
First. Go to our Utton Center website. Take a 
look at our conference report that should be up 
in a month or so. Take a look at Howard Passell’s 
report from the Transformational Solutions 
conference. You will see that a lot of these ideas 
are running in parallel and are running together. 
Take courage in your own positions because these 
changes won’t happen without each one of you 
taking courage, making bold moves, and ruffling 
feathers. If it comes from a place of love, I think it 
is going to be alright.

With that I’ll thank you, and hopefully I’ll see you 
on the river.



Brackish and Saline Groundwater in New Mexico--?

59th Annual NM Water Conf., New Mexico’s Water Future: Connecting Stakeholder Needs to Water Information

159

Brackish and Saline Groundwater in New Mexico--?

John Shomaker, Shomaker and Associates, Inc.

John Shomaker is President and a Principal Hydrogeologist of John Shomaker & 
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Associates specializes in ground-water data collection and sampling, ground-water 
flow modeling, drilling technology and field supervision of drilling projects, water-
supply planning, water-rights issues and expert testimony (including in interstate 
litigation before a U.S. Supreme Court Special Master), and environmental studies. 

You will have noticed that I have changed the 
title of my modest presentation a little since 

the program was printed—and added a question 
mark. The question mark is to indicate that I am 
not going to give you the expected inventory 
of brackish and saline resources, but instead I 
am going to explore the question of whether we 
should begin to depend on them.

It seems a little ironic, but it is true. Now that 
our good-quality renewable groundwater is 
showing signs of over-use, we are hearing that our 
salvation for the long-term may actually be our 
non-renewable groundwater. I am going 
to try to describe some of the differences 
between these two sources, and how it 
is likely to work out as we develop the 
non-renewable, poor-quality water stored 
in deep, non-river-connected aquifers 
around the state.

As context, we should, of course, 
remember that pumping renewable 
groundwater is the same as pumping from 
a river—the “renewable groundwater” 
as shown in this familiar slide on 
Albuquerque demand and supply 
(Figure   1) from the Albuquerque Bernalillo 
County Water Utility Authority. That 
equivalence may take a while to manifest 
itself, but it will turn out to be true. We 

have learned that lesson in the Albuquerque-Belen 
Basin; we are on the verge of seeing it develop on a 
large scale in the Lower Rio Grande, and it is being 
demonstrated elsewhere around New Mexico. The 
reason we have shifted sharply to surface-water 
supplies in Albuquerque is precisely that we must 
limit ourselves to the surface water we can legally 
divert, whether we divert it directly from the river, 
or indirectly, from wells, and it may not be wise to 
over-divert from wells only to incur a debt to the 
river that will be troublesome to repay. Most of 
our experience in New Mexico has been with the 
renewable kind of groundwater.
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Figure 1. Albuquerque’s projected water demand and available supplies 
(modified from ABCWUA presentation).
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aquifer boundary

Figure 2. New Mexico’s aquifers.

Non-renewable, or very slowly renewable, 
brackish or saline groundwater is almost 
everywhere. Figure 2 shows where in New Mexico 
it potentially is and isn’t—the only areas where 
there may not be any deep groundwater at all are 
the areas of extremely low-permeability igneous 
and metamorphic rocks from the land surface all 
the way down, shown in bright red and pale pink. 
Deep aquifers, very poorly connected to shallow 
groundwater and to surface water, underlie most 
of the state, and underlie the highly productive 
shallow aquifers in most places.

We are really looking, not so much for water itself, 
as for permeability in the rocks that contain it so 

that the water will flow to a well, and enough 
thickness of permeable rocks to contain a lot 
of water in storage per unit of land area. Those 
characteristics vary dramatically from place to 
place, but they are fairly well known, largely 
through oil and gas drilling.

We do not have as much experience with 
development of the deep, non-renewable 
groundwater on a large scale, although there 
are a few illustrative examples like the City of 
Gallup’s supply (Figure 3). And we do have a lot 
of experience with individual wells in these deep 
bedrock aquifers.

John Shomaker & Associates

We have some experience…
Well Depth, ft Year Aquifer

City of Gallup, Munoz 1A 3,200 1968 Jmw
Apache 1 Foshay re-completion 5,933 1974 Kg, Jmw, Je
El Paso Natural Gas, Burnham 1 5,200 1974 Jmw
Santa Fe Mining, Star Lake 1 5,656 1975 Jmw, Je
Santa Fe Mining, Gallo Wash 1 5,690 1975 Jmw, Je
Santa Fe Mining, South Hospah 1 2,808 1975 Jmw
Santa Fe Mining, Gallo Wash 2 5,744 1978 Jmw, Je
Santa Fe Mining, Gallo Wash 3 5,747 1978 Jmw, Je
NTUA, Standing Rock 1 2,657 1980 Jmw
City of Gallup, Lewis 1N 3,306 1983 Jmw
City of Gallup, Allen 1 3,494 1986 Jmw

…and so on.

Figure 3. Wells in deep bedrock aquifers.
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Figure 4. The San Juan Basin.

Our company has been involved in a lot of 
them in the San Juan Basin over the past 40-
some years, as indicated by the red dots and 
yellow dots on Figure 4. The red dots are the 
ones that are more than 2,500 ft deep.

There are several major issues with the deep, 
non-renewable groundwater, as compared 
with the river-related groundwater to which 
we are accustomed.

• You get comparatively little of it for 
your money, partly because of the 
aquifer characteristics, and partly, or 
even largely, because there is no river 
there to provide part of the produc-
tion from your well.

• Because it is non-renewable, water 
levels continue to go down and the 
cost of producing water increases 
over time. Eventually a particular 
well becomes uneconomic, so you 
have to keep moving to new places.

• You may become dependent on a 
supply that will eventually have to 
be replaced, and the question “with 
what?” will loom large.

• Much of the deep, non-renewable ground-
water is brackish or saline, and you will 
need to produce significantly more than 
your actual demand because a significant 
fraction will be lost as brine concentrate 
during desalination, and you will have to 
deal with the costs and environmental is-
sues of disposal. 

• Mining water out from under someone 
else’s lands is not an issue under New 
Mexico law, as long as his existing water 
right is not impaired, but I wonder if that 
will continue to be true if landowners begin 
to recognize that a future resource is being 
depleted.

As to what you get for your money, Figure 5 shows 
a comparison between a typical Albuquerque 
production well, the Ridgecrest No. 5, and a typical 
well producing from a deep, bedrock aquifer. (This 
comparison was suggested by Bruce Thomson). 

Now, if we want more water, a well like the 
Ridgecrest No. 5 can produce it. The drawdown 
is so small that we can simply pump more water 
from the same well. But if we want more water 
from the wells in the “deep well” field, we need 
to add wells. And those wells must be far apart 
as we shall see shortly. We will have to have lots 
of pipeline right-of-way and pipeline, and a vast 
electrical distribution system.

Just as an example, Figure 6 shows calculated 
drawdown contours for a hypothetical case 
involving 40 years of pumping from 60 wells in 
the Albuquerque area, producing roughly one-half 
of the present-day supply, net after desalination. 
Drawdown is more than 1,000 ft in something like 
700 square miles in western Bernalillo County 
and southwestern Sandoval County, and even 
though the supply is mostly “mined,” there is 
enough leakage through the confining beds that 
streamflow depletion in the Rio Grande system 
would have reached around 6,700 ac-ft/yr.
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John Shomaker & Associates

High-
development 
case (Melis, 2013)

60 wells,  40 years

93,800 ac-ft/yr to start
(declines to 68,500)
70,350 ac-ft/yr net?
(declines to 51,375)?

Stream depletion
Puerco, San Jose: 

5,600 ac-ft/yr
Rio Grande mainstem:

1,100 ac-ft/yr

Albuquerque

1,000 ft drawdown contour

Figure 6. High development case (Melis, 2013).

John Shomaker & Associates

0

50

100

150

200

250

300

0 100 200 300 400 500 600

D
ra

w
do

w
n 

(ft
)

Radius (ft)

Drawdown After 1 Year

Deep Confined

Ridgecrest No. 5

Drawdown?
Bruce Thomson’s example:

Ridgecrest 5, high-yield
Albuquerque supply well

T =      35,000 ft2/day
S =          0.01 (a little low?)
Q =          700 gpm constant

Typical deep, confined-
aquifer well

T =          700 ft2/day
S =     0.0014 (a little high?)
Q =         700 gpm constant

Figure 5. Comparison between a typical Albuquerque production well, the 
Ridgecrest No. 5, and a typical well producing from a deep, bedrock aquifer.



Brackish and Saline Groundwater in New Mexico--?

59th Annual NM Water Conf., New Mexico’s Water Future: Connecting Stakeholder Needs to Water Information

163

The spacing between these deep-aquifer wells has 
to be large, because the drawdowns are so large, 
and so widespread (Figure 7). And that leads to the 
question...

Why is drawdown so great?

Permeability is typically low, because the aquifers 
in many cases are fine-grained, well-cemented 
sandstone bedrock, not at all like the weakly 
cemented valley-fill sediments with coarser sand 
and gravel lenses that we are used to. The storage 
coefficient (the volume of water released from a 
unit area of the aquifer per unit change in head 
[i.e., drawdown]), is very small; aquifers typically 
are confined with low-permeability clays above 
and below.

The diagram on Figure 8 shows the difference 
between the storage condition for an unconfined, 
valley-fill aquifer from which the water drains by 
gravity, and for a confined aquifer that contains 
water under pressure. Withdrawing water from 
a confined aquifer, as the deep supplies generally 
are, is the same as releasing water from a pressure 
tank. Little or none of the volume of the aquifer 
is actually dewatered, and the water is all yielded 
by expansion of the compressed water and aquifer 
matrix. The storage coefficient is typically several 
orders of magnitude less.

John Shomaker & Associates

Figure 7. Well spacing.

John Shomaker & Associates

Unconfined
(valley fill aquifer)
Water drains by gravity
S ~ 0.20+  (specific yield)

Confined
Water yielded by release  

of pressure (both 
water and matrix are 
compressed)

S ~ 2 x 10-6 x thickness,      
or 0.0002 – 0.001

Figure 8. Two basic conditions for storage coefficient: 
consider two sand-filled tanks.

Valley-fill wells are a lot cheaper than deep-aquifer 
wells (Figure 9). A new supply well in the Rio 
Grande Valley cost about a quarter of a million 
dollars, and produces good quality water. You 
could compare it with a fairly typical San Juan 
Basin deep-aquifer well (Figure 10). The C&P Star 
Lake No. 1, a deep-aquifer well, has about the 
same capacity in terms of pumping rate, but the 
water is hot and has high total dissolved solids 
content, and would cost nearly $3 million today.
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Well Cost?

New supply well in
Rio Grande Valley
Santa Fe Formation
(Valley fill aquifer)

Q = 281 gpm
s (drawdown) = 35.2 ft
Q/s = 8.0 gpm/ft
TDS  =  796 mg/L
Temperature = 79oF

2014 cost ~ $259,000

Figure 9. Well cost?

John Shomaker & Associates

C&P (SFM) No. 1 
Star Lake, 1977
combined Westwater
Canyon and Entrada 
aquifers (illegal now)

Q = 320 gpm 
s (drawdown) = 492 ft 
Q/s = 0.65 gpm/ft
TDS  >  3,350 mg/L
Temperature = 158oF

2014 cost ~ $2.8 million

5,656 ft

Figure 10. C&P Star Lake No. 1.
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Gallup’s Real-Life Experience 
Ya-Ta-Hey well field (JSAI records; Lee Wilson & Assoc., 2013)
• 10 wells, starting in 1968.
• Depths 2,100 to 3,511 ft.
• Capacity of best wells  >1,000 gpm, now down to 600 gpm.
• Combined capacity now 5,000 gpm: average 500 gpm per well.
• Specific capacity: typical well about 0.75 gpm per foot.
• First wells flowed; typical static level now about 800 ft.
• Water levels declined 25 ft per year, until demand was

reduced through conservation (now 1.29 GPCD).
The dependency problem.  After 46 years…
• “Long-term implications of declining well yields are severe.”
• Struggling to acquire more deep-aquifer rights under G-22.
• Navajo-Gallup pipeline will rescue Gallup--in 2024(?)--

but may not meet projected demand by mid-century.

Figure 11. Gallup’s real-life experience with deep groundwater.

John Shomaker & Associates

Some deep well
projects work out
exactly as planned, 
but...

(Boyd & Sons Rig 1,
City of Gallup Munoz 
No. 1 well, March 1968)

Figure 12. Boyd & Sons Rig 1, City of Gallup Munoz No. 1 Well, March 1968.

Whose water is it, anyway? The question 
of ownership of the actual water in the 
ground may come into prominence in 
a way that it has not before. Instead of 
thinking in terms of the impairment of 
existing water rights in the context of 
the prior-appropriation system, we may 
find that some landowners will object 
to the mining out from under their 
lands of a resource that may be useful 
to them in the future. I am thinking here 
particularly of the Tribes and Pueblos, 
whose water rights are not administered 
by the State Engineer. The large-scale 
development of non-renewable deep-
aquifer water as contemplated by the 
Notices of Intention filed with the State 
Engineer in the Albuquerque area would 
lead to very large drawdowns beneath 
the tribal and pueblo lands west of 
town.

And we still haven’t talked about…
• Desalination: Capital and O&M 

cost; long-term energy commit-
ment

• Disposal of brine concen-
trate-20%?: evaporation 
ponds?, still more wells for 
injection? 

• Huge infrastructure (pipelines, 
powerlines) for widely spaced 
wells

• Non-renewability and the de-
pendency problem (what will 
you do next?)

A real-life example of a municipal 
system relying on almost non-
renewable deep groundwater is 
afforded by the City of Gallup (Figure 11).

I’ll end on this thought: some deep well projects 
work out exactly as planned, but... (Figure 12) 
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Characterization of Produced Water in New Mexico:  
the NM WAIDS Database

Martha Cather, NM Petroleum Recovery Research Center, 
NM Tech

Martha Cather has worked on many research projects at the Petroleum Recovery 
Research Center of NMIMT since 1987, and her research has included topics as varied 
as reservoir characterization, fluid/rock interactions, and petrographic image 
analysis for reservoir modeling. Much of her work in recent years has focused on 
data acquisition and data access, technology transfer, and project management with 
national organizations such as PTTC and RPSEA. She has collaborated with various 
New Mexico state agencies and industry partners to make a variety of data available 
online including oil and gas production, price data, NM state lease data, water 
quality information, and many other smaller projects. The websites developed by 
Martha Cather and the outreach group she leads at PRRC include Go-Tech, SLO data 
access, and NM WAIDS. Martha Cather holds B.S. and M.A. degrees in Geology from 
the University of Texas at Austin.

ABSTRACT

Our recently funded WRRI project undertakes an update of the NM WAIDS database and website. This 
website is a portion much larger Go-Tech website maintained by the PRRC. Major goals are to bring the 
database online, provide GIS user-friendly functionality and analysis tools, and identify and attempt to 
fill in data gaps in newly active plays in the San Juan and Permian basins. This presentation will provide 
background on volumes and quantities of produced water in New Mexico, along with an analysis of current 
problems and needs to address when updating the database.
• Water produced as a byproduct of oil and gas production represents a large and almost untapped potential 

water source in New Mexico. In 2013, industry reported production of over 800 million barrels of water, or 
over 100,000 acre-feet.
o Significant resource but very dispersed, largely uncharacterized, and extremely variable  water source.
o >90% reinjected BUT a significant amount potentially available for other uses IF economic, regulatory, 

and technological hurdles can be overcome.
• Beginning about 2001, the Petroleum Recovery Research Center (PRRC), a division of the New Mexico 

Institute of Mining and Technology, began compiling data on quality and quantity of produced water 
into the NM WAIDS database. The project was eventually funded through a US DOE-funded project 
(solicitation DE-PS26-01BC15300, Identification and Demonstration of Preferred Upstream Management 
Practices) and was completed in 2005. Work funded under this contract produced the NM WAIDS website 
which:
o Comprised NM produced water quantity/quality data: encompassed information on water quality/

quantity in various producing regions of the state with a variety of sources including existing databases 
and paper documents supplied by producers.

o Purposes = providing online access to information regarding volume, geographical location, and quality 
of produced water; crucial to support the design of water systems that might utilize produced water.

o Contained data on produced and\groundwater quality, produced water volumes
o Had a large section devoted to issues of scale  and corrosion, including an online manual of corrosion 

and various online tools that could be useful to those concerned with such questions.
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The original work was completed about nine years ago and was maintained as a static online resource until 
late 2013 when it was taken offline due to concerns about the security of the web pages and queries that 
accessed the database. In the ten years that have elapsed since the database was first put online, cyber security 
has become an increasingly important consideration and the old interface was becoming highly vulnerable.

• Current work on the website is funded in part by the WRRI and efforts funded include:
o Revision and recoding of website to meet modern web design and internet security standards.
o Analysis of existing data to identify and attempt to fill in data gaps in more recently active plays in the 

San Juan and Permian basins.
o Provide GIS user-friendly functionality and analysis tools to the public

Introduction

According to the NM Oil Conservation Division Rulebook, produced water is defined as “those waters 
produced in conjunction with the production of oil or gas and commonly collected at field storage, processing 
or disposal facilities including lease tanks, commingled tank batteries, burn pits, lease ACT units and 
community or lease salt water disposal systems and that may be collected at gas processing plants, pipeline 
drips and other processing or transportation facilities.1”

Water is the largest volume waste stream associated with oil and gas production.2 Historically, produced 
water has been typically seen as an unavoidable liability to be disposed of in the most cost efficient and 
environmentally sound manner possible.3 Water costs money to bring to the surface, money to dispose of, 
and money to treat for almost any kind of alternative reuse. In 2013, industry reported production of over 800 
million barrels of water4 - over 33 billion gallons or 100,000+ acre-feet (Figure 1 and Table 1).

Figure 1. Produced and Injected water volumes for New Mexico, 2010-2014. Data is from NM Oil 
Conservation Division statistics. Over 90% of total is produced in the Permian Basin, with the 
remainder from the San Juan and Raton Basins.
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Table 1. Detailed water production statistics for 2013. Data from NM OCD.

Currently, over 95% of produced water is reinjected, either back into an appropriate geological formation on 
site or trucked/pipelined to larger injection or saltwater disposal wells, and this disposal represents a cost of 
a few cents to several dollars per barrel. Advances in treatment technology, increasing severity of drought 
in the western U.S., and concerns over water use in many regions of the country have turned perception of 
produced water from a liability to a potential asset in many regions. It is clear that if even a small fraction of 
our state’s produced water was available for reuse, it could have a significant impact on water resources in 
a drought-prone region. A significant amount of produced water could potentially be diverted to other uses 
if economic, regulatory, and technological hurdles can be overcome. One major step in overcoming these 
hurdles is simply having a better understanding of the resource.

Produced water is a very dispersed, largely uncharacterized, and an extremely variable water source. 
Much of it is of high salinity, high total dissolved solids, or contains organic compounds; yet some can be 
used for stock water without any treatment. Not only do we observe large variations in water quality and 
volume across different producing formations and regions, but also even in the same formation with time. 
Clearly, more knowledge of basic facts such as volumes, locations, geological formations, and water quality 
information is crucial. In 2001, the Petroleum Recovery Research Center (PRRC), a division of the New 
Mexico Institute of Mining and Technology, began compiling data on quality and quantity of produced 
water into the NM WAIDS database. The project was funded through the US DOE’s solicitation DE-PS26-
01BC15300, Identification and Demonstration of Preferred Upstream Management Practices (PUMP). The 
project involved several different components, and part of the project entailed compiling a produced water 
quality database and GIS system that were made available online via the PRRC’s Go-Tech website.

Distribution of Produced Water in New Mexico

A clearer understanding of produced water in New Mexico can be obtained by creating some fairly basic 
maps. Figure 2 shows cumulative water production aggregated by township (block of land typically about 
36 mi2) for 2013. Two things are immediately apparent. First, there is significantly more water produced in 
southeastern New Mexico in the Permian Basin. Second, water production is not evenly distributed within 
the basin but is concentrated in a few areas that correspond to some of the more active oil plays. There are 
many reasons that the Permian Basin has more water production. The region has significantly more overall 
oil production. The volume of water per barrel of oil produced is much higher (avg about 7.6 bbls water/
bbl oil in southeast vs 2.6 in northwest for wells classed as oil wells). Much oil and gas in southeast New 
Mexico comes from conventional production, which generally has more water production associated with 
it. Unconventional tight sands tend to produce less water and parts of several producing plays in the San 
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Juan basin are classed as tight reservoirs. The exception to this general rule is coalbed methane, which does 
produce abundant water in the San Juan and Raton Basins – 54.3 million barrels in 2013. However, current 
economic conditions favor oil production so the southeast part of the state has been by far the most active 
region of the state; coalbed methane production has been declining since about 1999.

A detailed look at San Juan Basin (Figure 3) shows again that water production is at least an order of 
magnitude lower than that in the Permian basin, and also that production is fairly evenly distributed through 
the basin. The higher production near the Colorado border probably reflects water produced from the 
Fruitland Coal wells in that area. Figures 4 and 5 are more detailed views of water production in the Permian 
Basin. In Figure 4, water production is aggregated by township. In Figure 5, cumulative water production by 
well is overlaid onto pool boundaries for some of the more active plays in the region.

Figure 2. Produced water volumes in New 
Mexico for 2013, aggregated by township. 
The two areas of major water production in 
southeast New Mexico are the Delaware Basin 
and the Central Basin platform.

Figure 3. San Juan Basin produced water 
volumes for 2013. Much water is likely 
associated with Fruitland Coal wells, with a 
secondary region of high water production in 
Gallup-Dakota wells.
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Figure 4. Permian Basin produced water 
volumes for 2013.

Figure 5. 2013 Permian Basin water production 
showing individual well production overlying 
pool boundaries for some of the active plays in 
this region. It can be seen that much of the water 
is contributed by wells in various San Andres-
Grayburg and Delaware Mountain group pools. 
Particularly high volumes are seen in the Eumont-
Hobbs area.

Water Injection

Current law within New Mexico states “Persons disposing of produced water shall use one of the following 
disposition methods:

A. disposition in a manner that does not constitute a hazard to fresh water, public health, safety or 
the  environment; delivery to a permitted salt water disposal well or facility, secondary recovery or 
pressure maintenance injection facility, surface waste management facility or permanent pit permitted 
pursuant to 19.15.17 NMAC; or to a drill site for use in drilling fluid; or

B. use in accordance with a division-issued use permit or other division authorization.1”

Currently, most produced water is reinjected. The majority of injection wells used for disposal or enhanced 
recovery below any USDW are classified by the EPA as Class II wells, and they commonly are used for 
managing produced water in conventional oil and gas operations.3 
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Figure 6 shows 2013 injection volumes by well for New Mexico. They are not subdivided by type as to 
whether they are strictly disposal wells or are also used for pressure maintenance or EOR project, and in 
the available databases for the state well classification is not always accurate. However, a few wells have 
very large volumes of input; these are generally waste disposal wells. Permian Basin wells specified by the 
NM OCD as SWD (salt water disposal) are shown in Figure 7. Disposal wells could perhaps present the 
best opportunity to utilize water-gathering facilities that are already in place. There are many technological 
challenges to overcome before this might become a feasible water source; chief amongst these are wide 
variations in chemical constituents and water volumes.

Water Quality and the NM WAIDS Database and Website

The figures in the previous sections show only a very generalized view of produced water volumes that in 
theory could be available for some potential reuse. What cannot be observed from these figures is information 
about water quality–one of the most important considerations in any water treatment system. In 2001, the 
PRRC began assembling and maintaining a database on produced water quality in New Mexico. Much of 

Figure 6. 2013 Water Injection wells in New Mexico.

Figure 7. 2013 Permian Basin SWD wells showing 
locations and volumes.
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this work was funded under a U.S. DOE contract, and the process by which the NM WAIDS database was 
developed is described thoroughly in various reports submitted to the U.S. DOE2,3

For years, that database provided information for the NM WAIDS website which was hosted by the PRRC, 
and was also available via CD. The website had a number of purposes and features and included text and 
GIS-based access to both a produced water quality and groundwater quality database, interpretive maps, and 
a large section devoted to issues of corrosion and scale that had a variety of tools. The CD was published to 
make the data available without the need for an internet connection. Figures 8 and 9 are screen shots showing 
the old web entry page, and a cover of the CD. The CD came with ArcExplorer, a GIS program that allowed 
users to view the data via a map interface (Figure 10).

Figure 8. Screenshot of original NM WAIDS 
website.

Figure 9. NM WAIDs CD published by PRRC in 
support of the project.
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Figure 10. Opening image 
that was seen by users of the 
ArcExplorer project that was 
included in the CD. Data was 
also available in an online GIS 
mapping portal.

The NM WAIDS website, as a subsection of the entire Go-Tech website was taken offline in 2013 following 
identification of potential cyber security threats. Since that time significant time and effort has been expended 
to bring the entire Go-Tech website back online.

In addition to the water data, Go-Tech provides many types of data, including oil and gas production data, 
prices, historical well data, well activity, and an entire section devoted to accessing data from the NM State 
Land Office. When the rebuilding was executed, public and regulatory agency priorities dictated the order of 
attention, while finances constrained the speed. As a result, NM WAIDS was one of the lowest priority items 
on the list. However, as drought in the southwest has become an issue of major concern in recent years, so 
interest in the database was still high. Our WRRI funding enabled us to hire an additional graduate student 
whose main focus has been the recoding of the NM WAIDS portion of the Go-Tech website.

Progress on Website Conversion

The work entailed has been described briefly in progress reports submitted to WRRI and internal PRRC 
reports and presentations. Much of the work is technical and computer-terminology-intense, so will not be 
described in this paper. Work to date has focused on converting code from older development environments 
and programming languages (Microsoft Visual Studio and C#) to a newer development environment and 
language. Many scores of pages of code have been revised, rewritten, and properly documented to comply 
with strict security standards, and this work has been performed under the supervision of one of the leading 
providers of internet security solutions in the state. Currently the redesign is complete and revisions of 
pages and code are approximately 90% complete. We anticipate deployment of the entire Go-Tech website, 
including NM WAIDS in early 2015.

Future Goals

The NM WAIDS database and website are a valuable first step in obtaining data about produced water in 
New Mexico, but there is work that could greatly enhance the available data. High priority items include 
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identification of data gaps, identification of important data that may not be included in the current database, 
and then utilizing both public and private sources to begin to fill in those gaps.
The database is currently static and has not been modified since 2005. Figure 11 shows that there are several 
regions in the Permian Basin that have experience significant activity in the past four years alone. These 
include Bone Spring, Delaware Mountain Group, and Wolfcamp plays that have been reinvigorated by 
technology advances in hydraulic fracturing and horizontal drilling. There are other plays where activity 
could increase depending on economic incentive, such as the Mancos shale in the northwestern part of the 
state.

Figure 11. The NM WAIDS database currently has over 7000 data records. Upper left is number of 
records by county, while lower right is a detail of the southeast part of the state. The map on the lower 
left is well completions since 2011 in the southeast part of the state. Gaps in the data corresponding 
mostly to areas of current oil activity are easily seen.

The NM WAIDS database contains data from many vintages and sources, so data is of variable quality it 
is likely that important parameters not collected in the original data set. One data item that may be highly 
useful is water temperature data. Many of the techniques that have been developed for water treatment are 
energy intensive and any benefit that could be obtained from use of warmer water should be utilized. Other 
useful parameters that could be incorporated into the database could be information regarding water use 
in the oilfield, chiefly water used in drilling and hydraulic fracturing. Some of this data is available via the 
voluntary FracFocus reporting system, and other information is found in online images and forms, but the 
data is scattered and databases are not optimized for the purposes of understanding water budgets – how 
much of the water is reused, where is it obtained, and what is the final amount disposed?

Finally, once these data gaps have been identified, data sources must be found. Some is available in public 
sources and requires harvesting and manipulation to fit the needs of the current project, while others must be 
obtained from operators and other sources and often requires transcription from hard-copy files. As funding 
becomes available, each of these new goals will be addressed.
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J. Phillip King, P.E., Ph.D., is Associate Professor and Associate Department Head, 
Department of Civil Engineering and Associate Director, Institute for Energy and 
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resources) and agricultural engineering and teaches graduate and undergraduate 
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Groundwater Vulnerability Under Climate Change

Peggy Johnson, Principal Hydrologist, 
NM Bureau of Geology and Mineral Resources, NM Tech

Groundwater has generally served as a 
stable water reserve during short-term 

droughts when surface supplies are depleted. 
However, where aquifer storage is limited or 
groundwater levels have been reduced by long-
term depletion prior to drought, groundwater 
becomes less resilient to drought-related shortages. 
Groundwater research on the effects of climate 
change consistently indicates that disruption of the 
precipitation-evapotranspiration balance during 
long-term drought (decades to centuries), which 
is predicted for the Southwestern and Western 
U.S., will fundamentally change the distribution 

of groundwater recharge and availability. 
Assessments of groundwater vulnerability to 
climate change using regional scaling of global 
climate models project that groundwater resources 
will be adversely affected even under minimum 
and average CO2 scenarios. By increasing the 
global mean temperature (GMT) by a small 
amount (~1.0 °C), regardless of changes in rainfall, 
research shows a cascade of possible negative 
impacts on groundwater resources. These include:  

• A large increase in the evaporative demand 
• A decrease in soil-water content 
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• A decrease in water infiltration below the 
root zone

• Significantly reduced groundwater recharge 
• Increased evaporative losses from shallow 

groundwater and reservoirs
• Increased groundwater pumping 

Higher global and regional temperatures 
and extended severe drought can compound 
groundwater depletions and put subsurface water 
reserves at greater risk. This is particularly true 
in a severe, protracted drought and a warming 
climate, where already impaired aquifers are under 
additional stress. 

Groundwater vulnerability — The primary threats 
to groundwater reserves during an increasingly 
dynamic climate characterized by extreme ranges 
and temporal shifts in rainfall, temperature and ET 
are:

Long-term drought —reduced precipitation and 
increased PET (meteorological drought), and 
reduced streamflow and groundwater levels 
(hydrologic drought)

Localized flooding and groundwater level rise — 
extreme flood events become more common

Rapid depletion —rates of withdrawal far exceed 
the long-run average recharge (“groundwater 
mining”) and are aggravated by drought-related 
pumping and growing demand

Groundwater depletion — Groundwater 
withdrawals and depletions in New Mexico 
and the Rio Grande Basin are estimated for the 
period 2000 to 2010 from NMOSE’s water-use 
reports (Technical Report (TR) 51, Wilson and 
others (2003); TR52, Longworth and others (2008); 
TR54, Longworth and others (2013)) (Figure 1).  
Depletions for 2005 and 2010 are estimated from 
the 2000 depletion-to-withdrawal ratio. 

Figure 1. Groundwater withdrawals and depletions estimated for the 11-year period 2000‒2010.
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Satellite gravimetry data from NASA’s Gravity 
Recovery and Climate Experiment (GRACE) 
project provide an independent method of 
estimating changes in total water storage (TWS) 
and groundwater storage. GRACE-based estimates 
of groundwater storage losses in California’s 
Sacramento and San Joaquin River Basins and 
the Colorado River Basin (CRB) are compared 
with NMOSE-derived depletion estimates in 
New Mexico (Table 1, Figure 2). Groundwater 
depletion in the CRB is roughly 9 times the 

Table 1. Groundwater depletions and basin characteristics for New Mexico, the Rio Grande Basin, the Colorado River 
Basin, and the Sacramento and San Joaquin Basins.

depletion estimated in the Rio Grande Basin for a 
comparable time period, but the annual per capita 
depletion in the RGB (~0.35 AF) is nearly 4 times 
that in the CRB (~0.09 AF). Using gravimetry 
methods to quantify groundwater depletions 
gives a holistic view of aquifer behavior that is not 
otherwise possible. Applying the method in New 
Mexico could influence groundwater management 
to minimize depletions and improve resilience of 
the groundwater-surface water system to drought 
and increasing demand. 

Figure 2. Groundwater depletions in New Mexico and the Rio Grande Basin compared with 
GRACE-based estimates of subsurface water storage losses in the Colorado River Basin.
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The GRACE study in the CRB explored how 
much water users were relying on groundwater 
to make up for the limited surface supplies. They 
found that long-term reliance on groundwater to 
bridge the supply-demand gap, combined with 
the 14-year drought, drove the rapid groundwater 
depletion, which is compounded by leading to 
further declines in streamflow. The depletions 
threaten the long-term ability of the basin to meet 
its water allocation commitments to the seven 
basin states and Mexico. A similar scenario is 
occurring in the Rio Grande Basin, where record 
low streamflow, high seepage and a dropping 
water table threaten water availability and 
deliveries.

Resilience versus vulnerability — Negative effects 
of climate warming and drought are similar for 
surface water and shallow groundwater (≤30 m). 
Both resources are affected by lower precipitation, 
higher temperatures, increasing ET, and shifts in 
the seasonal distribution of precipitation. Dropping 
water tables and deep-aquifer storage losses are 
aggravated during drought due to an increased 
reliance on groundwater. The consequences 
include higher seepage losses in connected streams 
and increased reductions to surface supplies. 
Shallow groundwater and the streams, wetlands 
and springs it supports are most vulnerable to 
climate variability and drought.

Deep aquifers are buffered from the meteorological 
effects of climate change. However, New Mexico’s 
deep aquifers in alluvial basins with large river 
systems are heavily used for drinking and 
irrigation water. They have been “mined” for 
decades, resulting in pressure and storage losses. 
These deep systems are vulnerable to rapid, 
irreversible depletion when subjected to increased 
drought-related withdrawals. 

Groundwater vulnerabilities related to climate 
variability and megadrought, include: 

• Shallow aquifers and decreased flows in in-
terconnected streams, wetlands, and springs 

• Water quality degradation in shallow, 
stream-connected aquifers due to changes in 
groundwater/surface-water exchange 

• Severely reduced heads in deep aquifers can 
cause or renew land subsidence 

• Unplanned increases in groundwater 
development during drought may become 
permanent, and aggravate both groundwa-
ter depletions and drought-related declines.
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Editor’s Note: In lieu of a panel discussion, we have included the final report to the 
Interim Committee on Water and Natural Resources with permission from the authors.
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Committee on Water and Natural Resources on August 31, 2015 is 
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report: 
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Lee A. Reynis is a Research Professor in the Department of Economics at the 
University of New Mexico and the former Director of the UNM Bureau of Business and 
Economic Research. She has been a close observer of the New Mexico economy for 
more than 30 years and participates in the process of developing BBER’s consensus 
forecast using the FOR-UNM model. She holds an M.A. and a Ph.D. in economics from 
the University of Michigan.

Lee continues to be very involved in the research efforts of BBER where she has served 
as the prinicipal investigator on a number of projects. She is currently working with 
other BBER staff and students to analyze the economic impacts of climate variability 
and drought as BBER’s contribution to a Legislative appropriation. She is also heading 
up an analysis requested by the Middle Rio Grande Conservancy District of their 
finances and options. And she is also leading up an effort to analyzing the results of 
a UNM faculty survey on work-life balance.

Before joining the BBER staff as Associate Director in 1998, Lee was the City Economist for the City of Albuquerque. 
Prior to working for the City, she worked as an economic analyst and then as the Chief Economist for the New Mexico 
Department of Finance and Administration in Santa Fe. Lee has taught a number of courses over the years at the 
University of New Mexico and was formerly on the faculty at the University of Utah. 

Lee Reynis, Director, Bureau of Business & Economic  
Research, UNM
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Executive Summary 

This Working Group was funded by the State Legislature in 2014 to: (1) assess the current status of 
water supply and demand after years of severe drought in New Mexico; (2) put the current drought into 
long-term context with reduced surface water, groundwater depletions, and economic activity; and (3) 
develop a list of vulnerabilities and promote policy strategies to mitigate these vulnerabilities. Funding 
for the Working Group uniquely and directly involves researchers from all three research universities in 
New Mexico, and includes both water and social scientists. We report here on findings generated in 
Fiscal Year 2014-15, during which we focused on the Lower Rio Grande, which is heavily affected by 
extremely low water storage in Elephant Butte Reservoir. We have compared the current drought 
situation with the historical drought of the 1950s, examining hydroclimatic changes that have occurred 
over the past half-century, which impact surface water and groundwater supplies, and the economic 
and social impacts of the 1950s and current droughts.  

We do not address the ongoing Supreme Court litigation regarding the Rio Grande Compact and Rio 
Grande Project area. While it certainly is a threat to the economy and water resource management, it is 
very early in the process, and it is a legal rather than a scientific issue. 
 
Key findings: 
 

• Water storage on the Rio Grande is very low; another year of deficient snowpack and warm 
temperatures in winter/spring 2015 has led to current forecasts for below-average Rio 
Grande streamflow in water year (WY) 2015.  
 

• We currently have little prediction skill concerning the demise of multi-year drought. El Niño 
conditions in the equatorial Pacific belatedly strengthened in spring 2015, shifting the Pacific 
storm track southward and providing abundant precipitation to the eastern two-thirds of 
New Mexico over the past several months. However New Mexico's vulnerability to 
continuation of drought remains high, especially if El Niño does not persist through next 
winter. Previous long-term droughts, such as occurred in the 1950s, have been both longer 
and more severe than the current drought in terms of precipitation deficit. The current 
drought is exceptionally severe in terms of streamflow deficits, associated with much higher 
temperatures now compared to the 1950s.  
 

• During the past few years of drought, early season streamflow forecasts issued by the U.S. 
Natural Resources Conservation Service (NRCS) have tended to systematically overestimate 
subsequent observed flows, making the current WY 2015 water supply outlook potentially 
even more severe than indicated by the forecasted values. Our research suggests that 
recent forecast overestimates are associated with above-average temperature in March and 
April in recent years. March 2015 was exceptionally warm again this year, and the most 
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recent NRCS forecast for the middle Rio Grande is for lower-than-average flow, despite 
recent spring rainfall.  
 

• Drought has a direct impact on groundwater resources by reducing natural recharge. 
Drought is also a catalyst for the intensive use of groundwater, which is associated with over 
pumping and extreme lowering of groundwater levels. An escalation in the number of wells 
drilled during the 1950s drought contributed to dropping groundwater levels in 1951–1957, 
but the water table rebounded during the year following the end of the drought.  

 
• The most productive and heavily pumped aquifer zones in the Mesilla Valley, which are 

about 600 feet thick near Las Cruces, are well integrated with the surface-water system 
(river channel, canals, and irrigated fields). Current groundwater levels are affected by both 
deep groundwater pumping (greater than 120 feet) and a reduction in surface recharge.  

 
• The Mesilla Valley aquifer was impaired by groundwater pumping and water table decline 

prior to the onset of recent drought conditions, and continued in a severe decline during 
drought years 2008–2014. Between 2002 and June 2015 the combined effects of pumping 
and drought resulted in a 26-foot water-level decline at one location. The aquifer has not 
yet recovered, which suggests that the Mesilla Valley aquifer may no longer have the 
capacity to provide a reliable, supplemental supply during extended drought conditions and 
with the current levels of intensive use of groundwater.  

 
• The drought of the 1950s was associated with a dramatic shift away from agriculture as the 

primary driver of the state's economy, as other goods industries like manufacturing and the 
service sector became more important sources of jobs. The same shift did not occur during 
the current drought or in the wake of the Great Recession (2008-13).  Indeed, according to 
US Bureau of Economic Analysis statistics, agricultural employment increased by 16.0% 
statewide while non-farm employment actually declined 2.9%. In Doña Ana County 
agricultural employment was up 16.8% between 2008 and 2013, while the growth outside 
of agriculture was only 2.3% over the same period. 
 

• Farm characteristics and agricultural production in southern New Mexico have changed 
since the 1950s. There are more small farms and production has shifted toward permanent 
crops, such as pecans, that require long-term water supply commitments to keep trees 
productive. While profitable, such crops typically have high water demands and decrease 
the short-term ability to reduce watering in times of severe shortages. However, the 
economic impact of pecans must be weighed against the water requirements. 

 
•  Much of the economic growth in Doña Ana County is occurring near the border in Santa 

Teresa. During 2014, Union Pacific completed construction on a new intermodal facility at 
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Santa Teresa on the Sunset Route between Los Angeles and El Paso. The growing 
concentration of economic activity and population on both sides of the border is creating 
new demands for water. 

 
Recommendations: 
 

• Consider the entire spread of seasonal streamflow outlooks rather than just the median 
value, to explicitly account for the possibility of a continuation of forecast overestimates of 
snowmelt runoff.  
 

• Continue assessment of the principal social and economic vulnerabilities associated with 
water shortages in the Lower Rio Grande, and update these vulnerabilities as the 2015 
water supply situation becomes clearer. 

 
• Initiate development of possible strategies for strengthening long-term resiliency to water 

shortages by bringing supply and demand closer to balance.  Specifically, consider strategies 
that allow flexibility in times of shortages that consider the physical and the economic 
impact of the choices. 
 

• Initiate development of possible strategies for addressing short-term deficiencies in surface 
water supplies based on prudent use of groundwater resources, and cooperate with 
legislators and water managers in the LRG to develop effective, resilient water policy and 
practices to be more responsive to short, medium, and long-term fluctuations in available 
water supply.  
 

• Consider better integrating the management of groundwater and surface water resources 
by, for example, optimizing the municipal-industrial use of groundwater during severe 
drought to minimize impacts to surface water and shallow aquifers.  

 
• Investigate feasible means of reducing groundwater pumping and artificially enhancing 

groundwater recharge in order to mitigate the depletion of groundwater storage.   
 

• Research and assessment of additional water sources should begin immediately. Due to 
stress imparted upon the region’s water supplies by the ongoing drought, it is unlikely that 
additional freshwaters will be available. Given the availability of brackish water, a 
desalination plant is an option that should be given serious consideration. 

 
• Implement policies that will aid in the conversion of farmland from flood irrigation to more 

efficient irrigation methods such as subsurface drip. Seek to develop partnerships between 
farmers, Elephant Butte Irrigation District (EBID), NRCS, the Bureau of Reclamation, and 



188

November 18-19, 2014

New Mexico Universities Working Group on Water Supply Vulnerabilities Report

v 
 

other relevant agencies to plan and fund water conservation projects that address both 
delivery system efficiency and on-farm water conservation.    

 
Principal Vulnerabilities: 
 

• Extended, severe drought significantly affects both surface water and groundwater supplies by 
disrupting the balance between precipitation and evapotranspiration in the hydrologic cycle. All 
credible projections of 21st century climate call for continued warming in the decades to come. 
Numerous assessments of groundwater vulnerability to a warming climate project that 
groundwater resources will be adversely affected by even small increases in temperature, 
regardless of changes in rainfall. The most significant adverse effects that severe drought and a 
warming climate have on groundwater resources are: (1) reducing the availability and 
distribution of groundwater recharge; (2) compounding groundwater depletions with additional 
pumping; and (3) intensifying groundwater declines that result in a permanent loss of 
groundwater storage.  
 

• Recent investments and developments in the Santa Teresa, NM area will likely lead to 
additional businesses (re)locating to the area, and thus to additional population growth. The 
current water supply is anticipated to meet the area’s needs for the next decade only.  
 

• Continuing drought will be increasingly detrimental to agriculture. Various strategies and 
technologies can be used to increase resiliency to drought, although all require additional 
expenses that present an additional financial burden, particularly difficult for small farms.  

 
• Economic development and growth that does not consider the interactions and tradeoffs 

between human activity and the physical realities of water supply (and variability of supply) 
may result in increasingly severe constraints in times of drought that cannot easily be 
mitigated. 
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Introduction 

This Working Group was funded by the State Legislature in 2014 to: 

1) assess the current status of water supply and demand after years of severe drought in 
New Mexico; 

2) put the current drought into long-term context with reduced surface water, groundwater 
depletions, and economic activity; and  

3) develop a list of vulnerabilities and promote policy strategies to mitigate these 
vulnerabilities.  

The Working Group is unique in composition and directly involves researchers from all three 
research universities in New Mexico, and includes both water and social scientists. We report here on 
findings generated in Fiscal Year 2014-15, during which we focused on the Lower Rio Grande.  This area 
is heavily affected by extremely low water storage in Elephant Butte Reservoir, has a strong agricultural 
component, and a growing and diverse economy. We’ve compared the current drought situation with 
the historical drought of the 1950s, examining hydroclimatic changes that have occurred over the past 
half-century, which impact surface water and groundwater supplies, and the economic and social 
impacts of the 1950s and current droughts.  

We do not address the ongoing litigation in the US Supreme Court. Texas has filed suit against 
New Mexico over issues regarding the Rio Grande Compact and administration of groundwater in the 
Lower Rio Grande administrative basin. While the potential economic and water supply impacts of that 
proceeding on the state of New Mexico in general and the study area in particular are substantial, it is 
early in the proceeding, and we do not venture into legal analysis or strategy. 

 

 
Figure 1. US Drought Monitor (June 16, 2015). The Drought Monitor is a weekly subjective assessment of 
overall drought severity across the United States, on a scale of no drought (white areas) through five levels of 
drought (D0-D5). [droughtmonitor.unl.edu] 
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The severity of drought, defined in terms of precipitation, and associated vulnerability to short-
term water shortages varies across the state and can change quickly. The current (June 16, 2015) weekly 
U.S. Drought Monitor (Figure 1) shows a range of drought conditions across the state ranging from no 
drought in eastern New Mexico to severe drought in the northwest. This is a considerable improvement 
over recent years, resulting from near average precipitation across much of state during recent summer 
monsoon seasons and a very wet spring in 2015 east of the middle Rio Grande. However, because 
Elephant Butte Reservoir is only modestly affected by summer rains the regions and economic sectors of 
the state that depend on streamflow in the Rio Grande are still vulnerable to water shortages. The lower 
Rio Grande Valley is still considered to be in moderate drought (D1 on a scale of 0-4) in the US Drought 
Monitor.  

 

 
Figure 2. Percentage of long-term average snowpack in high elevation basins across the western U.S. on 
March 31, 2015, near the peak of the annual snowpack accumulation season. Basins that supply runoff to 
rivers in New Mexico all reported less than 75% of the long-term average snowpack. [Data from Western 
Regional Climate Center, Reno NV; http://www.wrcc.dri.edu/snotelanom/basinswe.html] 

Snowpack in the headwaters basins of major snow-fed rivers in New Mexico (Figure 2) was far 
below the long-term average again this winter, for the fifth consecutive year. Surface water for irrigation 
supplied from Elephant Butte and Caballo Reservoirs on the Rio Grande is projected to be in short 
supply, as it has been each year during this drought.  Rio Grande streamflow forecasts from the U.S. 
Natural Resources Conservation Service (NRCS) on 1 May (Figure 3) predicted a best estimate of 58% of 
long-term average April-September flow at Del Norte in southern Colorado, and just 29% of long-term 
average April-July flow at San Marcial. Considerable uncertainty is associated with these predictions, and 
high spring precipitation totals over the past two months have lessened water shortages across much of 
the state. The principal area of water concern in New Mexico at present is the volume of water stored in 
major reservoirs. Specifically, storage in Elephant Butte Reservoir is higher than in late winter, but still is 
far below capacity.  

Groundwater plays a fundamental role during periods of drought as a vital water source to 
supplement surface supplies when reservoirs and streamflow decline. Drought also triggers the 
intensive use of groundwater, which increases groundwater depletion and stresses already impaired 
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aquifers. Declines in streamflow and groundwater storage associated with drought are amplified by 
geologic factors and local patterns of water development and use. In downstream areas, such as the 
Lower Rio Grande in New Mexico, groundwater resources are replenished both locally and by 
headwater discharge. In such settings the effects of drought on groundwater reflect a complex 
interaction of regional and local conditions for precipitation, streamflow, climate-runoff relationships, 
geology, patterns of water use, and human modifications of the surface-water system. This assessment 
of groundwater vulnerability in the Lower Rio Grande Basin addresses groundwater occurrence, 
depletion and declining groundwater levels in the Mesilla Valley during the extended droughts of 1950–
1957 and 2008–2014.  

 

 
Figure 3. Median estimate of forecasted Spring and Summer 2015 river flows at major gaging points on rivers 
throughout the western U.S., expressed as a percentage of average (1981-2010) "naturalized" flow 
(attempting to remove the effects of dams and diversions from the flow). Forecast issued by the U.S. Natural 
Resources Conservation Service on 1 May 2015. [http://www.wcc.nrcs.usda.gov/wsf/westwide.html] 

Hydroclimate 

Despite the recent run of years with below-average snowpack, it is still the case that multi-year 
precipitation deficits across New Mexico are not as severe as the historic drought of the 1950s (Figure 4, 
bottom curve). In that decade New Mexico statewide precipitation was below average for seven 
consecutive years, without the summer season respites from drought conditions that have characterized 
the past five years. The fact that the 1950s drought was worse from a precipitation deficit perspective 
should be interpreted as bad news for New Mexico's current vulnerability to drought. 

We know that multi-year precipitation deficits in the past have persisted longer, and have been 
considerably more severe, than the state has experienced in recent years. Rio Grande flow at Otowi has 
been reconstructed for the past half-millennium using tree-ring records (Figure 5). The reconstructed 
estimate of Otowi flow shows that multi-decade droughts, characterized by lengthy periods of flow less 
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than 1.5 million ac-ft./yr, occurred in the late 1500s, early 1600s, and late 1700s. Each of those droughts 
is estimated to have featured lower flows in the upper Rio Grande than occurred during the historic 
drought of the 1950s.  

 

 
Figure 4. Time series of annual average temperature (red curve, top) and precipitation (green curve, bottom) 
averaged over the state of New Mexico for the period 1935-2014. Boxes on the precipitation plot show the 
major multiyear periods of drought in the 1950s, and in recent years. [Source of data: U.S. National Oceanic 
and Atmospheric Administration, obtained from the Western Regional Climate Center, Reno NV] 

 

 
Figure 5. Reconstructed annual streamflow on the Rio Grande at Otowi for the period 1450-2000, derived 
from tree ring records correlated with 20th Century observed flow at Otowi. Annual values have been 
smoothed with an 11-year running average to emphasize decade-scale fluctuations. [adapted from Gutzler, 
D.S. 2013. Regional climatic considerations for borderlands sustainability. Ecosphere 4(1):7. http://dx.doi.org/ 
10.1890/ES12-00283.1. Source of data: Meko, D.M., et al., 2010: TreeFlow: Streamflow reconstructions from 
tree rings.  http://treeflow.info/ 
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Deficits in snowpack and snowmelt runoff have actually been worse during the current drought 
than they were in the 1950s, despite the worse deficits in precipitation sixty years ago. The reason is 
that temperature is considerably higher now -- approximately 2°F higher on average -- compared to the 
1950s (Figure 4, top curve). Higher temperatures, especially in the late winter and spring snowmelt 
runoff season, lead to early snowmelt and increased evaporation rates that diminish the total volume of 
snowmelt runoff in major rivers. Because of this temperature effect, it is likely that streamflows in major 
snow-fed rivers will decline in coming decades even after the demise of the current drought1  

Abundant rainfall in April and May 2015 have substantially ameliorated local short-term drought 
conditions across most of New Mexico, and have raised hopes that the multi-year drought of recent 
years has been broken. Until a winter with relatively heavy snowpack occurs, however, it will be difficult 
to replenish water storage in major reservoirs on the Rio Grande (particularly Elephant Butte). If Pacific 
Ocean temperatures along the equator remain anomalously warm (the pattern known as El Niño) 
through next winter, then the chances for abundant snowpack across the southwestern U.S. will 
improve. Dynamical models used to forecast the evolution of El Niño generally anticipate that this El 
Niño event will indeed persist through next winter; the NOAA Climate Prediction Center currently 
asserts >80% probability that El Nino conditions will extend through next winter. El Niño conditions 
currently extend across almost the entire Pacific Ocean, belatedly exhibiting incipient characteristics of a 
major warming event which would be more likely to persist for many months. Despite these grounds for 
optimism for a snowy winter in 2015/16, we should keep in mind that El Niño is notoriously difficult to 
forecast through the spring and summer months, these same models have done poorly at predicting the 
evolution of this El Niño event to date, and the ongoing event has exhibited very unusual seasonal 
timing so historical analogues provide shaky guidance.  

Regardless of the short-term outlook for continuation (or not) of the current drought, New Mexico 
should be prepared for diminished surface water resources on average in coming decades. All major 
snow-fed river systems in New Mexico, including the Rio Grande, have in recent years exhibited earlier 
peak flows and diminished streamflow efficiency, defined as the volume of downstream snowmelt 
runoff per unit of winter precipitation. Climate forecast models for the 21st century project a 
continuation of this trend. Projections call for diminished snowpack, earlier snowmelt, earlier peak 
flows, and less total water volume derived from snowmelt runoff. All of these features have been 
observed in recent years, including the current year.  

Research supported by this project has examined in detail recent NRCS forecasts for the past five 
years, motivated by anecdotal reports of forecast overestimates by stakeholders in the lower Rio 
Grande2. We have found that the best estimates of projected flow issued early in the snowmelt runoff 

                                                        
1 Milly, P.C.D., et al., 2008.  Stationarity is dead: Whither water management? Science 319, 573-574; Hurd, 
B.H., and J. Coonrod, 2012: Hydro-economic consequences of climate change in the upper Rio Grande. Climate 
Research 53, 103-118. 
2 We gratefully acknowledge Dr. Angus Goodbody, U.S. Natural Resources Conservation Service in Portland 
OR, for his assistance with NRCS streamflow forecast and validation data.  
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season have indeed tended to overestimate the seasonal runoff subsequently observed. The best 
estimates for projected naturalized flow at Otowi, from the set of forecasts issued on 1 February for the 
past five years, all overestimated the subsequent March-July flow on the Rio Grande. In Figure 6, 
predictions of flow at Otowi that overestimated the subsequent flow are shown as open circles (i.e. 
every prediction), with the area of the circle proportional to the magnitude of the forecast error.   

 

 
Figure 6. Assessment of the five most recent Spring-Summer streamflow forecasts for Rio Grande flow at 
Otowi (naturalized), issued by NRCS on 1 February for year 2010-2014. The size of each circle represents the 
magnitude of the forecast error relative to what was subsequently observed. Open circles represent over-
estimated flows; solid circles (there are none of these) would represent underestimated flows. Each forecast 
error circle is plotted on an x-y plot where the x-axis represents the observed precipitation anomaly for 
February-April, and the y-axis represents the observed temperature anomaly for February-April. The plot 
shows that overestimates of streamflow tend to be associated with deficient precipitation (negative values on 
the x-axis) and warmer than average temperatures (positive values on the y-axis). [Streamflow forecast data 
from the U.S. Natural Resources Conservation Service; temperature and precipitation climate divisional data 
from the U.S. National Oceanic and Atmospheric Administration, obtained from the Western Regional Climate 
Center, Reno NV] 

The overestimates have been associated with a succession of anomalously hot and dry spring 
seasons (the x and y axes on Figure 6), which are not explicitly factored in to the NRCS retrospective 
regression algorithm that is the basis for the forecast. Warm and dry spring anomalies enhance 
premature snowmelt and increase evaporation rates, decreasing the total subsequent snowmelt runoff 
into mainstem rivers. As one might expect, there is a general correspondence between the magnitude of 
the forecast error and the magnitudes of the temperature (positive, warm) and precipitation (negative, 
dry) anomalies during the spring months. Warm/dry conditions are strongly correlated so, at present, 
we cannot definitively separate the temperature and precipitation effects on the forecast error.   

If warm and dry spring anomalies become the norm, as climate models project to continue into 
the future, then the NRCS algorithm will need to be adjusted to take account of trends in climate. In 
other words, the current seasonal forecasting scheme, based on retrospective analysis of historical 
statistics, may not be suitable for the current changing climate and will need to be adjusted downward 
in expectation of lower flows.  
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Figure 7.  Evolution of Spring-Summer streamflow forecasts for Rio Grande flow at Otowi between March and 
July 2015, issued by NRCS between 1 January and 1 May 2015. The long-term average (naturalized) flow at 
Otowi, 720 Kaf, is shown by the horizontal blue line. On the first of each month, starting on 1 January, NRCS 
forecasts Mar-Jul flow; each of these forecasts is shown here as a box-and-whiskers plot. The most probable 
flow, the median estimate, is the center of each box (connected by the red line). This most-probable flow is 
shown on the associated forecast map such as in Figure 3. Uncertainty in each forecast is indicated by the 
width of the box and whisker about each median estimate. Uncertainties tend to be large for the early 
forecasts (1 Jan through 1 Mar) and get much smaller for the later forecasts. As shown in Figure 6, in recent 
years the early season (1 Feb) forecast tends to overestimate the subsequent flow. This trend is reflected this 
year by the decrease in projected flow in forecasts issued in recent months (1 Apr and 1 May). [Source of data: 
U.S. Natural Resources Conservation Service] 

At the present time, our recommendation is for water managers and stakeholders to consider the 
full range of NRCS predicted flows (Figure 7), not just the "best estimate" shown on maps such as Figure 
3 which may be unduly optimistic. Currently (as of 1 May) NRCS projects a 30-70% probability that 
March-July flow on the Rio Grande at Otowi will lie between 300 and 350 kaf, less than half of the long-
term average flow (Figure 7). The forecast for April-July flow at San Marcial (not shown) are even lower, 
between 10% and 49% of the long-term average. Based on recent experience (Figure 6), we should be 
prepared for flows at the low end of those ranges. In this regard we note the dismal 10% of average at 
the low end of the range of projected flows at San Marcial. As an extreme possibility, NRCS 
acknowledges at least a 10% probability of zero naturalized flow at San Marcial this summer.   

Water Use and Groundwater Depletion 

In Doña Ana County, groundwater contributes to the two major water uses:  irrigated agriculture 
and public and domestic water supplies. In 2010, about one-third of withdrawals for irrigated agriculture 
within the area of Elephant Butte Irrigation District (EBID) (120,800 acre-feet) came from groundwater 
(from NM Office of the State Engineer (OSE) water-use reports). Groundwater also provided 100% of 
drinking-water withdrawals (42,087 acre-feet). Overall groundwater withdrawals have increased since 
1985, with the exception of the wet years of the mid-1990s (Figure 8).  

Groundwater depletions — that part of a withdrawal that has been evaporated, transpired, 
incorporated into crops or products, consumed by man or livestock, or otherwise removed from the 
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aquifer — have been estimated in NMOSE water-use reports for 1990, 1995, and 2000. According to 
these sources, about 68% of groundwater withdrawn for irrigated-agriculture, and 67% of groundwater 
withdrawals as a whole, was depleted during these years. The remaining 32–33% was recycled to the 
river and aquifer to be reused by downstream users. By using an average depletion factor for years since 
1985, a 25-year history of groundwater depletion is estimated for the region (Figure 8). The cumulative 
volume of groundwater loss, about 2.5 million acre-feet, is comparable to the capacity of Elephant Butte 
Reservoir.  

Drought is recognized as a catalyst for the intensive use of groundwater, sometimes with negative 
effects, namely over pumping, deterioration of water quality, and extreme lowering of groundwater 
levels. Over exploitation of groundwater during drought often becomes a part of the normal water-
supply network after drought conditions end. This policy diminishes both surface-water and 
groundwater reserves, and threatens the overall resiliency of the water supply.   

 

 
Figure 8.  Groundwater withdrawals and depletions in Doña Ana County, 1985-2010, are estimated from 
NMOSE water use reports. A bar chart shows withdrawals and depletions of groundwater in the county (for all 
water-use categories) and in the area of EBID (for irrigated agriculture). Calculating the area under the 
depletion curve provides an estimate of the cumulative groundwater depletion in Doña Ana County for the 25-
year period, 1985-2010. The volume of groundwater loss, about 2.5 million acre-feet, is comparable to the 
capacity of Elephant Butte Reservoir. 

Interconnection of Surface Water and Groundwater 

Beneath a large part of the Mesilla Valley, the most productive aquifer zones (with a high 
groundwater production potential, “GWPP”) are well integrated with the surface-water system. The 
total thickness of the very productive aquifer ranges from about 600 feet near Las Cruces to 2,000 feet 
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in the Mesilla Valley and 250 feet at Canutillo. Except in times of surface-water shortage and extreme 
drought, aquifer recharge occurs primarily as infiltration from the river and its associated canals, drains, 
and irrigated cropland. Prior to development, most discharge occurred through evapotranspiration from 
extensive valley-floor wetlands, but the water table is now influenced by new hydrologic conditions 
established by the river, irrigation works, pumping wells, and heavily irrigated fields. Discharge now 
occurs through evapotranspiration from irrigated croplands and riparian vegetation, flow to drains, and 
an increasing amount of pumping from all aquifer zones for consumption by municipal-industrial and 
irrigated agriculture.   

Much of the groundwater pumped for irrigation is derived from the shallow aquifer zone that is 
hydraulically connected to the valley-fill aquifer and the surface-water system. The effects of 
groundwater pumping, both deep and shallow, in the lower Mesilla Basin are readily transmitted to the 
interconnected river channel, canals, and drains.  Measurements made by the U.S. Geological Survey 
(reported in WRRI Report 332) demonstrate that the river loses water in the areas of the Las Cruces, 
Mesquite, and Canutillo well fields. See Appendix 2 for a discussion of the GWPP for segments of the 
aquifers in the Mesilla and Rincon valleys.  

Groundwater Conditions Before and During the 2008–2014 Drought 

Groundwater measurements in three wells in the lower Mesilla Valley are used to evaluate the 
effects of groundwater pumping and the 2008–2014 drought. USBR well 13 (30 feet deep) and USGS 
well M-4 (a multi-level monitor well with piezometers M-4C and M-4B at 40 feet and 120 feet, 
respectively) are completed in river alluvium of the shallow aquifer, which is  hydraulically connected to 
the surface-water system (see Appendix 2 for well locations). Measurements in wells USBR 13 and M-4C 
combine to form a 70-year record (1946–2015) of changes in the water table and provide a contrasting 
view of the shallow aquifer’s response to the 1950s drought and the drought of 2008-2014 (Figure 9A). 
See Appendix 3 for a thorough discussion of groundwater conditions during the 1950’s drought.    

Groundwater levels in well USBR 13 (Figure 9A) replicate the 1950s fluctuation pattern in the 
average hydrograph, but with a 16-foot (instead of 6-foot) decline. Through the 1960s and 1970s, the 
pre-1951 seasonal pattern of summer highs and winter lows was repeatedly disrupted, likely in response 
to pumping from the large number of irrigation wells. Consistently high summer water levels and 
seasonal fluctuations, which are key characteristics of the pre-1951 hydrograph, were not fully restored 
until the very wet years of the 1990s. Even then, water-level highs were 2 to 3 feet lower than pre-1951 
levels. In short, the assumption that the 1950s development did not exceed the capabilities of the 
aquifer may have been incorrect.  

Hydrograph B (Figure 9B) focuses on measurements from USBR 13, M-4C, and M-4B between 
1995 and 2015, which demonstrate the combined effects of groundwater pumping and drought. The 
hydrographs for wells USBR 13 and M-4C show that the seasonal water-level pattern of summer highs 
and winter lows re-established in the 1990s continued until the winter of 2003. Between winter 
measurements in 2003 and 2005, before the onset of drought conditions, the water table in M-4C 
dropped 7.5 feet, and then remained steady with a weak seasonal fluctuation for the next five years. 
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Meanwhile, during 2002–2003, seasonal water-level fluctuations in well M-4B (monitoring water 
pressures at the 120-foot depth) visibly shift from a pattern characteristic of surface recharge (summer 
high level, winter low level) to a drawdown-and-recovery pattern indicating groundwater pumping from 
irrigation wells (summer low level, winter high level). Between winter 2005 (after the large pre-drought 
water-table drop) and 2010, hydrographs for M-4C (40 feet deep) and M-4B (120 feet deep) illustrate 
entirely dis-synchronous seasonal water-level patterns wherein shallow water levels (40 feet) are 
controlled by recharge from the surface-water system and deep water levels (120 feet and greater) are 
controlled by seasonal groundwater pumping.  

The large drop in shallow and deep water levels in 2003–2005 and the notable shift in the water-
level patterns in M-4B between 2002 and 2010 are clear markers of seasonal pumping in irrigation wells. 
The groundwater response to drought is not apparent until April 2011 when the water level in M-4C 
failed to respond to summer recharge and began a 16-foot decline to an all-time low of 35.6 feet below 
land surface. Since 2002, the combination of groundwater pumping and drought has created a 26-foot 
decline in the water table in the lower Mesilla Valley. As of June 2015, the water level was at an all-time 
low of 36.7 feet below land surface and the aquifer had not recovered from the combined effects of 
pumping and drought. 
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Figure 9. Hydrographs from wells USBR 13, M-4C, and M-4B are used to evaluate the effects of groundwater 
pumping and drought in the lower Mesilla Valley. A. The combined hydrograph (1946–2015) shows a 16-foot 
water-level decline and recovery during the 1950–1957 drought, a 16-foot water-level decline during the 
2008–2014 drought, and a 7.5-foot decline between winter measurements in 2003–2005 prior to drought 
conditions. B. Seasonal water-level fluctuations in the 1995–2015 hydrograph for M-4B shift from a pattern of 
summer recharge to one of summer groundwater pumping during 2002–2003, indicating the pre-drought 
decline was due to groundwater pumping. The water level declined 26 feet from 2002 to June 2015and the 
aquifer had not yet recovered from the combined effects of pumping and drought.   

Contrasting the 2008–2014 and the 1950s Droughts 

Many factors that affect the groundwater balance in the Lower Rio Grande have changed between 
the 1950’s and the current droughts. In response to these changing conditions, the water table in the 
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Mesilla and Rincon valleys has equilibrated to a new set of hydrologic conditions established by erratic 
and limited surface flows, lower recharge, higher evaporation, greater crop demands, and continually 
increasing groundwater withdrawals. The following recaps the current state (as of June 2015) of the 
Mesilla and Rincon aquifers after the 2008–2014 drought.  

– Groundwater declines and a shift in the seasonal fluctuation pattern beginning in 2003 indicate 
that the Mesilla Valley aquifer was impaired by extensive groundwater pumping, largely from 
irrigation wells, prior to the onset of drought conditions in 2008.  

– The large 16-foot decline in groundwater levels during the drought (April 2011 to November 
2014) and the lack of recovery as climate conditions and surface flows improved, suggest that 
the groundwater reservoir in the Mesilla Valley no longer has the capacity to provide a reliable, 
supplemental supply during extended drought conditions and surface shortages such as those 
encountered in 2008–2014.  

– Extreme water-level declines (26 feet since 2002) have decoupled the shallow aquifer and the 
surface-water system, causing excessive seepage losses from the river channel and canals.  

– The Mesilla Valley aquifer may no longer have the capacity to overcome the effects of extended 
severe drought with current levels of intensive groundwater pumping. 

Sixty years of groundwater pumping and two extended severe droughts have diminished the 
groundwater reservoirs and threaten the overall resiliency of the water supply of the Lower Rio Grande.  

Impacts of Economic Development and Population Growth  

The Las Cruces MSA is coincident with Doña Ana County. Compared with NM as a whole, the Las 
Cruces MSA private economy has been a fairly consistent performer since the 1950s (Figure 10). The 
composition of the economy has changed over time – being heavily reliant on agriculture in the 1950s, 
with increased diversity over time. Today, agriculture and non-agricultural activity are both important in 
the area and, as in the 1950s the economic activity is providing dynamic opportunities.  But these 
opportunities are constrained due to limited availability of both surface water and groundwater.   

In the past few years, much of the economic activity has focused on the border at Santa Teresa. 
Below we discuss how water resources in the Southern Rio Grande valley are being affected by (1) the 
development occurring at Santa Teresa, (2) economic and population growth more generally within 
Doña Ana County, and (3) developments in the area’s agricultural sector. 
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Source of data: US Bureau of Labor Statistics, Quarterly Census of Employment and Wages 

 
Figure 10. Total Private Sector Employment Indexed to 1951 Las Cruces MSA and New Mexico (through 2013) 

Santa Teresa 

The Santa Teresa Port of Entry (opened in 1992) is becoming an increasingly important hub for 
transportation and industrial activity. The port of entry is located 42 miles south of Las Cruces and 20 
miles from downtown El Paso, Texas. Union Pacific (UP) operates an east-west rail line that connects 
California’s San Pedro Bay ports to the eastern US. In early 2014 the UP Santa Teresa Intermodal 
Terminal was opened and is located 5 miles from the port of entry. The terminal includes fueling 
facilities and crew change buildings, and can handle 250,000 shipping containers annually. Santa Teresa 
also boasts two industrial parks – Verde Santa Teresa Intermodal Park and Verde Bi-National Industrial 
Park.  

The UP terminal is attracting businesses to the area. Expansion of industrial and economic 
opportunities in Santa Teresa has been accompanied by rapid population growth in recent years. 
According to the decennial census, Santa Teresa had a population of 4,258 in 2010, reflecting growth 
since 2000 in excess of 63%. Continued development of economic opportunities at Santa Teresa will 
result in significant population growth for the foreseeable future. In 2013 New Mexico Governor Susana 
Martinez and Chihuahua, Mexico Governor Cesar Duarte signed an agreement to cooperate on a master 
plan to build neighboring towns on opposite sides of the border – Santa Teresa, NM and San Jeronimo, 
Mexico. The planned community is comprised of 70,000 acres owned by Verde Realty in New Mexico 
and Corporacion Inmobiliaria in Mexico.  

The developments at Santa Teresa have been a major part of the success of the Las Cruces MSA 
economy over the past few years and are key to the area’s economic future. However, this development 
at Santa Teresa presents another challenge to New Mexico’s water future. Santa Teresa derives its 
water solely from the Mesilla Bolson, which is also the primary source of groundwater for Las Cruces 
and Sunland Park. Management of the Mesilla Bolson is complicated by the fact that the aquifer spans 
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parts of New Mexico, Texas, and Mexico. Groundwater pumping rates have been sufficiently high to 
raise concerns regarding the ability of the aquifer to be recharged by the Rio Grande and the valley’s 
irrigation system. In addition to deriving its water from an aquifer shared by the US and Mexico, Santa 
Teresa also has an aging water utility infrastructure. During June/July of 2013 Santa Teresa’s aging water 
utility infrastructure had such high demands placed upon it that four well outages occurred. That same 
year the New Mexico Legislature provided $6 million in funding to address Santa Teresa’s water supply 
and water treatment needs. According to Economic Development Department Cabinet Secretary Jon 
Barela, the improved water supply system can meet the needs of growth projected for the next decade. 
After that time the availability of water is uncertain. 

Additional pressure will be imposed on existing water supplies by the growing population as well 
as new businesses and increased economic activity. The future water supply of the West Mesa area west 
of the Rio Grande’s Mesilla Valley consists mostly of the large quantities of brackish water stored below 
the freshwater aquifers. For this reason, a binational desalination plant is the being discussed for Santa 
Teresa and San Jeronimo, Mexico. If a desalination plant were to be built, there are significant concerns 
with inland desalination that must be addressed: efficiency, concentrate management, energy 
requirements, and cost.3 Additionally, it is unknown how brackish and fresh groundwater may be 
connected, and thus whether the extraction of brackish water would affect fresh groundwater. Clearly 
this relationship will differ for each brackish aquifer and needs to be studied and considered. To assess 
how these and other desalination concerns may be most effectively addressed, El Paso’s Kay Bailey 
Hutchison Desalination Plant (the world’s largest inland desalination plant) should be studied and used 
as a relevant and nearby source of lessons learned. The Brackish Groundwater National Desalination 
Research Facility (located in Alamogordo) is another source of valuable information and expertise. In 
addition to addressing water supply issues, water demand should also be addressed through 
development of programs aimed at promoting enhanced water conservation and recycling (e.g. an 
increasing block rate structure, rebates for water saving appliances, and incentives for xeriscape 
landscaping).  

In summary, the future development of Santa Teresa, NM as an industrial and transportation hub 
is likely inevitable due to the level of public and private investment that has already occurred. Water 
supply issues are also inevitable; the existing water supply system is able to meet the area’s projected 
needs only for the next decade. After that time it is uncertain whether supply will be sufficient to meet 
demand, especially during drought. Meeting water demand beyond the next decade through further 
development of fresh water supplies is improbable due to (a) limited fresh water in the region’s aquifers 
and reservoirs, and (b) additional strain placed on the region’s fresh water supplies by the ongoing 
drought. A desalination plant therefore appears to be a logical means of meeting Santa Teresa’s future 
water supply needs. Because the area’s water needs are currently met only for the next decade, and 
because the design and construction of any water supply system, and in particular a binational 

                                                        
3 A 2012 study by the Texas Water Development Board found that the average cost to produce desalinated water 
from brackish groundwater ranged from approximately $1.25 to $2.60. for 1,000 gallons, or $357 to $782 per acre-
foot. Approximately half this cost is associated with the energy required.
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desalination plant, involves numerous challenges that will take considerable time to address, we 
recommend that a decision regarding how to supplement the area’s water supply be made and pursued 
directly. 

Population Growth 

Doña Ana County is the second-most populated county in New Mexico, and Las Cruces has been 
ranked as one of the United States’ fastest growing communities since the early 2000s. Between 2000 
and 2010 Doña Ana County was the second fastest growing county in the state – second only to 
Sandoval County. Projections developed by UNM Geospatial and Population Studies indicate that 
between 2010 and 2040 the population of Doña Ana County will grow by nearly 50%, so that in 2040 the 
County will be home to nearly 300,000 people. A 2004 report detailing a regional water plan for New 
Mexico’s Lower Rio Grande includes low, medium, and high population growth projections for the 
region. The high population growth projection yields a population of nearly 540,000 by 2040 
(approximately a three-fold increase from the area’s year 2000 population). Thus although agriculture 
consumes the vast majority of the region’s water, urban water use (primarily associated with sizeable 
and growing Las Cruces) is also of concern.  

The City of Las Cruces 40-Year Water Development Plan (published in 2008)4 describes how the 
City plans to meet the water needs associated with a high population growth scenario, projected growth 
along the U.S./Mexico border, and other planned developments (including Vistas at Presidio and Sierra 
Norte). Single-family homes account for the largest portion of the Las Cruces metered water use (55%), 
while multi-family residential accounts for only 13%. Commercial and industrial uses account for 
approximately one-quarter of water use. The remainder is comprised of parks, golf courses, and bulk 
sales. The inclusion of plans to reduce single family residential use by more than 20% is clearly an 
important component in limiting growth in residential water consumption. The plan includes other 
assorted conservation plans, as well as the development of various additional water sources – 
groundwater, surface water, and the construction of a reclamation facility (already completed).  

The 2004 New Mexico Lower Rio Grande Water Plan5 provides a more all-encompassing picture of 
the region’s current water situation, and includes projections for the region’s future water supply as well 
as residential, commercial/industrial, and agricultural demand. There are four groundwater basins that 
supply water to the region – Rincon Valley, Mesilla, Jornada del Muerto, and Hueco. The available supply 
in the Jornada del Muerto and Hueco basins is essentially fixed, and thus use of this water mines the 
aquifers. In contrast, the Rincon Valley and Mesilla groundwater basins are interconnected with the Rio 
Grande. When the Rio Grande replenishes these two aquifers, flows in the river are reduced, which is 
detrimental to the State’s ability to meet compact obligations to Texas and Mexico. Withdrawals from 
the Rincon Valley and Mesilla groundwater basins therefore pose a concern not only for water levels in 
the basins themselves, but also for water levels in the Rio Grande. Water management issues are further 
                                                        
4 Available online: http://www.las-
cruces.org/~/media/lcpublicwebdev2/site%20documents/article%20documents/utilities/water%20resources/40%20y
ear%20plan.ashx?la=en
5 http://wrri.nmsu.edu/lrgwuo/rwp/LowerRioGrandeRegionalWaterPlan.pdf  
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complicated by the fact that the Mesilla and Hueco aquifers are shared by New Mexico, Texas, and 
Mexico. 

The NM LRG Water Plan projects that total water diversions for the region may increase from their 
2000 level of 495,000 acre-feet to as much as 572,000 acre-feet in 2040. Water use associated with 
agriculture, livestock, and the environment is expected to remain constant. Water use associated with 
power production and commercial, industrial, and mining activities in the region is projected to increase 
from 9,000 acre-feet in 2000 to 15,000 acre-feet in 2040 (an increase of 67%). Power generation 
constitutes a significant portion of this increase; water use associated with power generation is 
expected to increase by 260%, from 2,500 acre-feet in 2000 to 6,500 acre-feet in 2040. In contrast, 
commercial, industrial, and mining water use is expected to grow by only 30% during this same time 
period. The projected increase in private/public water supply use varies widely, from approximately 60% 
to more than 300%, due to different assumptions made regarding population growth. The Las Cruces 
water development plan notes that GPS addressing of utility meters occurred during 2005-2010. As a 
result the City’s Water Conservation Coordinator should now be able to assess use patterns based upon 
neighborhood, building and infrastructure age, and socioeconomic characteristics. This may prove to be 
of greater importance as the area’s population grows, commercial and industrial development expands, 
demands on the water system increase, and the water supply becomes ever more stressed.  

Every five years the OSE publishes a New Mexico Water Use by Categories report. The most recent 
was published in 2010. As detailed in the report, the majority of non-agricultural water use in Doña Ana 
County occurs through the public water supply; in 2000 the region’s public water supply systems 
accounted for 35,000 acre-feet. Self-supplied commercial use, and to a lesser extent industrial and 
mining uses, account for the next largest demand – 6,500 acre-feet in 2000. Details obtained from OSE 
indicate that NMSU is the largest user in this category, followed by several area golf courses.  

For fiscal year 2012, which is the most recent year of publicly available data,6 the City of Las 
Cruces utilities department reported 32,169 individual water accounts using 5.8 billion gallons of water 
in the year – or nearly 18,000 acre-feet.7 Note that these data do not include system losses. While many 
of the accounts were households, the largest individual users of city-delivered water by volume were 
generally municipal and industrial (M&I) users. In particular, the top-25 highest water users in the fiscal 
year, which were all M&I, constituted fewer than 0.1% of all accounts while accounting for nearly 10% of 
all water deliveries by volume (572 million gallons or about 1,750 acre-feet). Of the top-25 users of city 
water, the city directly accounted for 27% of all deliveries by volume. These were deliveries for irrigating 
public spaces, providing city buildings with water, and the like. However, if deliveries to the detention 
centers, Doña Ana County and the school districts are included, that figure increases to around 40%. 
Physicians’ offices/hospitals accounted for around 13% of the volume delivered. The remaining 47% of 
water delivered to the top-25 users was a mix of industrial/commercial (goods producers, hotels, etc.), 
construction and multi-family (apartment and mobile home parks) uses. It is important to point out that 

                                                        
6 Las Cruces Sun-News (January 12, 2013). http://www.lcsun-news.com/las_cruces-news/ci_22361847/water-
consumption-las-cruces-down-by-6-percent, accessed June 4, 2015. 
7 This paragraph only discusses water delivered by the city of Las Cruces. 
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the fiscal year data are a snapshot for the year and water use varies seasonally. For instance, water use 
by the city of Las Cruces increases in the spring and summer months (to irrigate public spaces) and 
declines in the fall and winter months. In addition, although the largest water users tend to be M&I, the 
overwhelming majority of connections to the city utility are single family residences and those users 
generally account for between 50% and 60% of total water delivered by the city utility (58% in 2010).8 
Furthermore, water delivery through the City’s utility system has declined over the last several years, 
from 21,700 acre-feet in 2011 to 20,700 acre-feet in 20129 and then to 19,600 acre-feet in 2013 (all 
inclusive of system losses).10              

A growing population will increase stress on the area’s limited water supply. The region should 
continue to gather additional data regarding water use (such as through metering, and in particular GPS 
metering). Data can provide valuable insights to use patterns and where and how water can be 
effectively conserved. Golf courses are one example of an area in which there is room for additional 
conservation – rather than using potable water to water golf courses and other green areas, reclaimed 
water can be used for this purpose.  

Agriculture 

New Mexico’s largest user of water is irrigated agriculture; according to a 2010 report by the 
NMOSE, agriculture accounts for 80% of surface water withdrawals, 77% of groundwater withdrawals, 
and 79% of total withdrawals.11 The dominance of irrigated agriculture is even more pronounced in 
Doña Ana County, where in 2010 irrigated agriculture accounted for nearly 100% of surface water 
withdrawals, 68% of groundwater withdrawals, and 87% of total withdrawals. Rio Grande water is 
allocated to approximately 90,000 irrigated acres by EBID. Although a full EBID allocation is 3 acre-feet, 
in recent years farmers have received far less due to the drought, and have turned to groundwater to 
make up the difference. Because the aquifer is recharged in part by the Rio Grande, continued high 
levels of pumping is not a viable solution to long-term drought. Furthermore, as the water table drops, 
pumping becomes more expensive, well capacity declines (fewer gallons/minute can be pumped), and 
groundwater quality declines as salt and minerals concentrate. Ultimately wells may not be able to 
pump enough water sufficiently fast, and thus wells might need to be deepened or new wells might 
need to be drilled (both at considerable cost). 

The continuing drought is forcing farmers to consider various options for maintaining a viable 
farming operation, including allowing land to lie fallow, switching to more drought-tolerant crops, and 
changing to more efficient irrigation systems. In some cases irrigation water has been insufficient to 

                                                        
8 Las Cruces Utilities Water Conservation Plan (March 8, 2012)
9 Las Cruces Sun-News (January 12, 2013). http://www.lcsun-news.com/las_cruces-news/ci_22361847/water-
consumption-las-cruces-down-by-6-percent, accessed June 4, 2015. 
10 AWWA Water Audit for 2013. http://www.las-
cruces.org/~/media/lcpublicwebdev2/site%20documents/article%20documents/utilities/res%20ts/water%20conserva
tion/awwaaudit2013.ashx?la=en, accessed June 4, 2015.
11 New Mexico Water Use by Categories 2010. Available online: 
http://www.ose.state.nm.us/Pub/TechnicalReports/TechReport%2054NM%20Water%20Use%20by%20Categories
%20.pdf  
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meet the needs of crops already planted, and farmers have had to plow under a portion of their crops in 
order to concentrate what little water they do have on fewer acres. Other options include the 
installation of pipelines to reduce evaporation losses and the lining of ditches to reduce seepage losses. 
Some farmers have also begun to use more advanced means of monitoring soil moisture so that they 
can time irrigation more accurately. Farmers have also devised creative market solutions. For example, 
some pecan growers have leased their water rights to farmers in the northern EBID reaches in exchange 
for an amount sufficient to cover the added cost of pumping an equivalent amount of water. However, 
many of the available methods for coping with drought entail a sizeable financial investment that can 
prove prohibitive, especially for smaller farms. For example, the cost of deepening existing wells or 
drilling new wells can be quite substantial, as can the cost of installing more efficient irrigation systems. 
Even seemingly low-cost solutions such as planting crops that require less water can be “costly” due to 
the “use it or lose it” provision in New Mexico’s water law; switching to crops that require less water can 
ultimately result in the loss of one’s water rights. 

According to information published by OSE in their 2010 report, nearly all irrigated acres in Doña 
Ana County are irrigated using flood irrigation; drip irrigation and sprinklers are used on less than 1% of 
irrigated acreage in Doña Ana County. However the irrigation efficiency of flood irrigation is estimated 
to be around only 50 or 60%. Although flood irrigation is “easy” to use and requires less technology than 
either sprinkler or drip systems, flood irrigation systems are more labor intensive. Various methods can 
be used to improve the irrigation efficiency of flood irrigation, including laser leveling, the use of large 
turnout water ditch boxes, and surge flooding. In contrast to flood irrigation, sprinklers have an 
estimated irrigation efficiency of 60-80%, while that of drip irrigation is approximately 90%. Although 
flood irrigation does not offer significant irrigation efficiency, it is relatively affordable; a Texas A&M 
Extension Service publication reports estimated gross investment costs for flood irrigation, sprinkler 
systems, and subsurface drip of approximately $210, $340-$560, and $1,200 per acre, respectively.12 
Irrigation system costs will vary with design; a subsurface drip irrigation (SDI) demonstration site near 
Hatch, NM had a per-acre cost of $2,000, while another NM farmer paid $2,500/acre for his SDI 
system.13,14 Although sprinklers may seem a more affordable alternative to flood irrigation, because 
wind and evaporation are of concern with sprinkler systems, they are seldom used in the desert 
Southwest. Thus the two primary irrigation systems of concern for Doña Ana County are flood irrigation 
and SDI. 

In addition to cost and financing options, several factors should be considered when assessing 
whether to convert from flood irrigation to SDI, including impacts on field operations and labor 
requirements, energy source and price, the system’s operating pressure and application efficiency, 
water availability, and pumping lift. New Mexico farmers who have invested in SDI have experienced a 

                                                        
12 Amosson, Steve et al. 2011. Economics of Irrigation Systems. Texas AgriLife Extension Service, Texas A&M. 
Report B-6113.
13 Drip Irrigation for Row Crops. NMSU Cooperative Extension Service, Circular 573. Available online: 
http://aces.nmsu.edu/pubs/_circulars/CR573.pdf
14 Onion production and marketing in New Mexico. NMSU Cooperative Extension Service Circular 577. Available 
online: http://aces.nmsu.edu/pubs/_circulars/CR577.pdf
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decrease in water requirements15 (and thus less pumping and less energy), decreased fertilizer and 
pesticide needs, the ability to simultaneously harvest and irrigate, fewer tractor passes and thus less 
diesel, fewer weeds, increased yields, and improved crop quality. Although there are numerous benefits 
to SDI, several barriers have prevented its wide-spread adoption, including potentially prohibitive cost 
(especially for small farms); a significant learning curve for equipment operation; time required for data 
collection, management, and interpretation; and technical difficulties and equipment malfunction.  

Due to the significant cost of SDI, high-value crops are often seen as most suitable for this 
irrigation system, as yield increases can quickly recover the cost of SDI purchase and installation. 
Because pecans are more permanent and thus more of a long-term investment than other crops grown 
in NM, pecan farmers are more likely to invest in irrigation systems than are other farmers. 
Furthermore, farmers are more likely to adopt SDI when there is an increase or variance in fuel price, 
pumping lift, water requirements, and/or wage rates, as these factors influence the cost of production 
more with flood irrigation than with SDI.16   

Crops 

Primary crops grown in Doña Ana County include pecans, alfalfa, cotton, onions, and chile.   While 
cotton, onions, and chiles are annual crops, alfalfa and pecans are perennial.  Alfalfa can produce for 
seven to 15 years, depending on the type of alfalfa.  Pecans differ from other crops in that they are a 
long-term investment, do not yield a profit for at least seven years, must be irrigated every year, and 
have heavy production one year followed by lighter production in the next. In southern New Mexico, 
where pecan trees require between 5 and 6 acre-feet of water each year, most pecans are grown using 
flood irrigation. In addition to the tactics discussed above (such as lining ditches, drilling new wells, etc.), 
during periods of extreme drought pecan farmers can potentially trim trees to their trunks so that the 
trees use less water. The water requirements of chile and other crops grown in Doña Ana County are 
less than those of pecans. Chile requires between 4 and 5 acre-feet of water. A survey conducted in the 
late 1990s found that nearly all (87%) of southern New Mexico chile farmers used flood irrigation only.17 
In 2010 it was estimated that the majority of New Mexico’s chile farmers (70%) had converted to 
subsurface drip irrigation, although a similar estimate is not available for southern New Mexico chile 
farmers. Chile production is not impacted by drought as severely as that of other crops, such as onions; 
whereas chile production may decline approximately 5% due to deficit irrigation, onion yields will likely 
decline around 30%.18  

                                                        
15 It is important to note that plants grown using drip irrigation systems are not allowed to undergo water deficit 
stress; drip irrigation systems apply water to fields before plants become stressed due to water deficit. In this manner 
SDI systems can actually increase consumptive water use and decrease downstream flows. (Skaggs, Rhonda. 2000. 
Drip Irrigation in the Desert: Adoption, Implications, and Obstacles. Available online: 
http://ageconsearch.umn.edu/bitstream/36412/1/sp00sk01.pdf)
16 Amosson, Steve et al. 2011. Economics of Irrigation Systems. Texas AgriLife Extension Service, Texas A&M. 
Report B-6113.
17 Skaggs, R. et al. 2000. A Survey of Southern New Mexico Chile Producers: Production Practices and Problems. 
NMSU Agricultural Experiment Station, Bulletin 782. Available online: 
http://aces.nmsu.edu/pubs/research/agronomy/BL782.pdf
18 http://www.lcsun-news.com/las_cruces-news/ci_25469929/new-mexico-chile-acreage-hits-four-decade-low
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In southern NM alfalfa requires approximately 5 acre-feet of water. However, alfalfa can go 
dormant and thus tolerate long-term drought, as long as the crown and roots remain viable. Most other 
crops do not have this capability. Thus although alfalfa is a crop that requires significant water, it is also 
a crop that can tolerate drought more readily than other crops. Cotton is another crop that uses 
relatively less water than other crops discussed herein (2-3 acre-feet), and is also a drought tolerant 
plant. Cotton plants have a tap root and lateral roots and can effectively use small amounts of water. 
Furthermore, cotton plants start and stop boll production depending on water availability, and are more 
tolerant of salt than are other crops. However cotton production has declined, as input prices have 
increased and lint prices have fluctuated. Finally, onions grown in southern NM require between 4 and 5 
acre-feet of water. In the Mesilla Valley of southern New Mexico most onions are grown using furrow 
irrigation. Light frequent irrigations are best for onion production, yet the least amount of water that 
can be applied using furrow irrigation is 2 acre-inches. Onion production in southern New Mexico 
therefore presents a potential for improved irrigation efficiency through the use of SDI. 

Drought, Crop Production, and Economic Impact 

As discussed earlier, drought impacts crops differently. Furthermore, studies indicate the severity 
and duration of drought also impacts crops differently. An analysis of the relationship between drought 
and New Mexico’s chile, pecan, and milk production suggests that production and economic impact vary 
greatly depending on the severity of the drought.19 For example, pecans and chile production are more 
impacted by the severity and duration of drought than is milk production. In addition, the impact on 
county (or state) revenues will be dependent upon the impact New Mexico production has on the 
market. New Mexico, Georgia, and Texas are the three largest pecan producing states in the nation. 
Depending on weather conditions, the states often trade places for the top spot. Further, the US is the 
largest single producer of pecans in the world. In 2012, the US accounted for almost 80% of world 
production.20 Because of the importance of the US in the global market, the price of pecans often shifts 
in the opposite direction of US production trends. For example, while 2012 US pecan production 
increased 12%, the value of the crop declined 27% from the previous year.21 Thus, the impact of pecan 
production in the LRG on Doña Ana County and New Mexico depends upon the production in the region, 
as well as other production in the US (which is also impacted by drought and weather) and the 
subsequent impact on price. Table 1 shows the impact on revenues for 2011-2013.22 

 

                                                        
19 Chermak, J.M. and J. Wang (2010).  The Economic Impact of Drought on Agricultural Sectors in New Mexico: 
assessing a simple modeling framework.  A report prepared for the Drought Mitigation Center, University of 
Nebraska.
20 http://www.agmrc.org/commodities__products/nuts/pecans/ (last accessed 06/06/2015).
21 http://www.agmrc.org/commodities__products/nuts/pecans/ (last accessed 06/06/2015).
22 http://www.ams.usda.gov/mnreports/fvwtvpcn.pdf (last accessed 06/06/2015). 
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Table 1.  New Mexico Pecan production and revenues, 2011-2014 

Year Production (million lbs) Price per pound Production Value (millions of $s) 

2011 61 (22% US total) $2.67 $162 

2012 65 (20% US total) $1.70 $110 

2013 72 (27% of US total) $1.90 $136 

2014 65 (25% of US total) $2.00 $130 

The lesson from this is that the impact of drought and the vulnerabilities of drought are not single 
dimensional. Mitigation of the vulnerabilities requires an assessment of the physical and the economic 
impacts. 

Summary and Recommendations 

The widespread use of the inefficient flood irrigation practice is clearly of concern for the lower 
Rio Grande. However, impacts of converting from flood irrigation to SDI are ambiguous; conversions 
may in some cases increase water consumption and in other cases decrease water consumption. Thus 
conversions may in some cases increase LRG instream flows, but in other cases decrease LRG instream 
flows; impacts likely depend upon site, weather, crop, and soil-type. To aid in assessing where SDI may 
be most beneficial, a research team should develop a summary of the results experienced by LRG 
farmers who have switched from flood to SDI, as well as existing research pertaining to SDI use in 
southern NM or similar areas. Because converting from flood irrigation to SDI can be prohibitively costly, 
in particular for smaller farms, provision of financial assistance might be necessary. The State may be 
able to partner with various agencies, such as the USDA Natural Resources Conservation Service and the 
Bureau of Reclamation, in providing such assistance to farmers. 

The implementation of improved irrigation is a longer-term solution and may or may not reduce 
vulnerabilities to drought. Improved irrigation infrastructure can improve water conservation. Whether 
this becomes a mitigation strategy will depend on how the conserved water is used. If it is banked for 
times of drought, this can become a mitigation strategy. However, if the water is moved to other 
beneficial uses instead, it will not be available to mitigate the impact of drought. Thus, any policy 
developed needs to consider the impacts in totality, including the impacts of other policies, laws, and/or 
regulations that may result in unintended consequences. 

The heterogeneous impact of drought on individual crops and revenues suggests that a better 
understanding is needed of not only the physical impact of drought on crop types (e.g., the ability of 
alfalfa to go dormant) and on the economy (e.g., the inverse relationship between US pecan production 
and pecan prices), but also of the relative impacts and importance between crop types. This can provide 
a basis for a shorter-term drought mitigation strategy that can provide a hierarchy of choices whereby 
water could be diverted from crops that would suffer shorter-term physical impacts and smaller 
economic impacts, and that enables specific areas to withstand droughts with minimal consequences.   
But again, this requires an agreement or policy that provides flexibility of water use and, most likely, 
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subsidization to those who forego their water. Several methods have been utilized in different areas, 
including shortage sharing agreements, as well as water markets that provide for the short-term lease of 
water across uses.  The efficacy of these mechanisms is highly dependent upon the structure and 
relevance of the market or agreement to the water shortage characteristics. 
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Appendix 1.  Working Group Members 

This Working Group was funded by Senate Bill 138 passed during the 2014 legislative session to: 
(1) assess the current status of water supply and demand after years of severe drought in New Mexico; 
(2) put the current drought into long-term context with reduced surface water, groundwater depletions, 
and economic activity; and (3) develop a list of vulnerabilities and promote policy strategies to mitigate 
these vulnerabilities. The Working Group consists of researchers from all three of New Mexico’s 
research universities, and includes both water and social scientists. 

Janie Chermak is Professor of Economics and Chair of the Department of Economics at the 
University of New Mexico.  Professor Chermak is an applied natural resource economists who focuses 
much of her research on water resources and the demand for water.  Her work on the economic impacts 
of drought for this research was assisted by Sarah Pesko, a Masters of Economics student at UNM.  Ms. 
Pesko completed her MA in spring 2015.   

David S. Gutzler is Professor of Earth & Planetary Sciences at the University of New Mexico. 
Professor Gutzler studies climate variability and change. His work on climate analysis and streamflow 
forecasts for this project was assisted, through support from NM 138, by UNM undergraduate student 
Shaleene Chavarria. Ms. Chavarria, a member of Santa Clara Pueblo, used the results she generated for 
the Working Group as the core of her senior undergraduate honors thesis for her B.S. degree in 
Environmental Science. She defended her thesis and graduated in May 2015, and has been accepted 
into the graduate program in Earth & Planetary Sciences where she will study hydrology.  

Peggy Johnson is a Principal Hydrogeologist with the New Mexico Bureau of Geology and Mineral 
Resources at New Mexico Tech. She has applied her research interests on the geology, hydrology and 
geochemistry of basin-scale groundwater systems to New Mexico’s aquifers with the goal of supporting 
informed development of groundwater resources. 

J. Phillip King is the John Clark Distinguished Professor and Associate Department Head in the Civil 
Engineering Department at New Mexico State University. He specializes in water resources, agriculture, 
and engineering education.  Dr. King has worked with government agencies, irrigators, municipalities, 
Native American tribes, and environmental groups to develop new and innovative approaches to water 
management and education. He served as a Peace Corps volunteer in Malawi, Africa, and as a Science 
and Policy Fellow with the American Association for the Advancement of Science at the National Science 
Foundation.  Dr. King has Ph.D. from Colorado State University, a B.S. from Berkeley, and an M.B.A. from 
NMSU.  He is a registered Professional Engineer in New Mexico. 

Lee Reynis is a Research Professor of Economics attached to the UNM Bureau of Business and 
Economic Research (BBER), where she was Director for many years.  She has closely watched the New 
Mexico economy for many years and since coming to BBER in 1998 has been part of the team which 
produces quarterly economic forecasts using the FOR-UNM model.   
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Gwendolyn Aldrich is a natural resource economist and works as a Research Scientist at the UNM 
Bureau of Business and Economic Research. During her time at BBER she has worked on a broad array of 
projects pertaining to environmental and socioeconomic issues. Her work on this project was assisted by 
BBER Research Assistants and UNM students Deborah Anyaibe and Alison Turner. 

Michael O’Donnell is a Research Scientist at the UNM Bureau of Business and Economic Research. 
At BBER, he is responsible for modeling and forecasting the economy of the state of New Mexico as well 
as conducting research on a variety of environmental, economic and socioeconomic topics including 
water-use policy, economic development, housing and tax policy.    
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Appendix 2. Discussion of GWPP for the Mesilla & Rincon Valleys 

An ignorance of the hydrogeologic characteristics of aquifers, the amount of available 
groundwater, and the interconnection of groundwater and surface water increases the overall 
vulnerability of our water supply to drought-related threats. Comprehensive hydrogeologic framework 
models of the Mesilla and Rincon basins (from WRRI Technical Completion Report 332 and Addendum) 
provide the critical hydrogeologic information New Mexico requires to understand how the aquifers of 
the Lower Rio Grande Basin function. The Mesilla Basin stretches from Leasburg (irrigation-diversion) 
Dam at the mouth of Selden Canyon 45 miles to the International Boundary, and an additional 20 miles 
south into Chihuahua. The Rincon Valley extends from Caballo Dam to Selden Canyon, which links the 
Rincon and Mesilla valleys. 

A hydrogeologic cross section from WRRI Report 332 (Figure 2) shows the groundwater 
production potential (“GWPP”) of the aquifers in the Mesilla and Rincon valleys between Caballo Dam 
and Vado (about 10 miles north of Canutillo, Texas). Productive aquifers are contained in thick 
sedimentary deposits (known as the Santa Fe Group) and overlying thin fluvial deposits from an ancient 
Rio Grande. Near Las Cruces, extensive layers of clean sand up to 2,000 feet thick form the major aquifer 
zone in the basin. Near the El Paso Water Utility Canutillo well field at the Texas Stateline, the aquifer 
thins to 500 feet or less. This is the most heavily developed aquifer zone for drinking water and 
industrial consumption, and is increasingly being pumped for irrigation. Deeper and adjacent strata are 
mostly fine grained and partly consolidated, with a low to very low GWPP.  

The most striking difference between the Rincon Valley-Selden Canyon area and the Mesilla Basin 
is the very limited extent of the major Santa Fe Group aquifer zones. The productive aquifers of the 
lower valley are absent from Caballo Reservoir to below Leasburg Dam (Figure 2). In the Rincon Valley, 
Selden Canyon and the upper Mesilla Valley, the productive aquifer is constrained to thin (60–80 feet) 
valley-fill deposits beneath the river channel and the valley floor. These deposits are continuous through 
the river corridor from Elephant Butte and Caballo reservoirs to the El Paso Valley. In the Mesilla Basin, 
this shallow aquifer is hydraulically connected to deeper basin-fill aquifers.  
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Appendix 3. Groundwater Conditions during the 1950s Drought 

An analysis of the effects of the 1950–1957 drought in the Rio Grande Basin (U.S. Geological 
Survey Professional Paper 372-D by H.E. Thomas (1963)) identified several common drought-related 
hydrologic conditions in the Mesilla and Rincon valleys, including: (1) insufficient long-term surface 
storage to supply adequate water through a series of dry years; (2) increased utilization of groundwater; 
and (3) conveyance losses to groundwater. The increase in groundwater usage during the drought was 
illustrated by the dramatic rise in irrigation wells between 1946 and 1955. In 1946, when inflow to 
Elephant Butte Reservoir was low, only 11 wells were pumped. In 1947, which was almost as dry, the 
number of irrigation wells increased to more than 50. Groundwater development continued to increase 
with the installation of an estimated 1,600 irrigation wells by 1955. Most wells obtained water from the 
alluvial sand and gravel underlying the floodplain at depths of 60–100 feet in the Rincon Valley and up to 
200 feet in the Mesilla Valley.  

The 1950s drought survey also noted that shallow groundwater was recharged directly from the 
river channel, its associated canals and ditches, and from river water applied for irrigation. A hydrograph 
of the average depth to water below land surface in 39 Mesilla Valley wells between 1946 and 1958 
(taken from USGS Report 372-D and shown in Figure A3) demonstrates the interconnection between the 
river, shallow groundwater, and pumped wells. The hydrograph shows that:  

– Prior to 1951 the water table rose to within 6 or 7 feet of land surface during the irrigation 
season (April through September) then dropped a foot or two during the winter.  

– In 1951, with a shortage of supplies from Elephant Butte, there was no appreciable rise of the 
water table during the summer irrigation season.  

– In 1952 and 1953 the water table was lowered by pumping early in the irrigation season, then 
rose in late summer when some surface water was available. 

– In the four succeeding years (1954–1957), when wells were the main source of water for 
irrigation in the valley, the water table declined each summer. By the end of 1956, the average 
water level was 6 feet lower than it had been at years end in 1946 through 1950.  

– In late 1957 to 1958, following the end of the drought, water levels rapidly rose to within 2 feet 
of pre-drought levels and resumed a weak seasonal fluctuation of summer highs and winter 
lows. 

The Rincon Valley had a similar water-level history from 1946 to 1955 based on observations in half a 
dozen wells.  

The USGS drought report provided the following perspective of the Mesilla and Rincon aquifers 
during and after the 1950s drought:  

– The groundwater reservoirs in the Rincon, Mesilla, and El Paso Valleys had sufficient capacity to 
provide supplementary supplies for several consecutive years of deficient streamflow.  

– Rapid refilling of the Mesilla Valley groundwater reservoir in 1958 was seen as a sign that the 
1950s development did not exceed the capabilities of the aquifer.  
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– Pumping in the Rincon and Mesilla Valleys may have been responsible for increased canal losses 
below Caballo Dam, which were low before 1950 but increased to about 65% in 1955 and to 
75% in 1956.  

– The Mesilla Valley aquifer was perceived as a new reservoir with a projected capacity equivalent 
to that of Elephant Butte Reservoir.  

 

 
Figure A3.  A groundwater hydrograph showing the average depth to water in 39 wells in the Mesilla Valley, 1946–
1958. The graph clearly shows the dropping groundwater levels in drought years 1951–1957 and the rapid rise at 
the end of the drought.  
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Assessing the Quality of Groundwater Used for Public Supply  
in the Rio Grande Aquifer System

Laura Bexfield
U.S. Geological Survey, 5338 Montgomery Blvd. NE, Suite 400, Albuquerque, NM 87109,

bexfield@usgs.gov, 505-830-7972

Poster Abstract 1

In May through October 2014, the National Water-Quality Assessment Program (NAWQA) of the U.S. 
Geological Survey sampled 60 public-supply wells in the Rio Grande aquifer system as part of a 10-year 
assessment of the quality of groundwater used for public supply in principal aquifers across the United 
States. The Rio Grande aquifer system consists of hydraulically interconnected basin-fill aquifers extending 
across about 70,000 square miles of southern Colorado, central New Mexico, and western Texas. Wells were 
selected for sampling under a nationally consistent design using equal-area grids to achieve a spatially 
unbiased dataset that allows for comparison of water quality among principal aquifers. The study area for the 
Rio Grande aquifer system was defined as the area that contained at least 1 known public-supply well within 
a 5 kilometer radius. The 60 selected wells (45 in New Mexico) were sampled for a comprehensive suite of 
analytes to characterize the occurrence of contaminants of concern for human health and to improve our 
understanding of groundwater processes that are important to the management of water resources. Analytes 
included nutrients, volatile organic compounds, pharmaceuticals, hormones, pesticides, major elements, trace 
elements, radionuclides, microbial indicators, and tracers of groundwater age. The poster presents selected 
preliminary results from the Rio Grande aquifer system assessment and compares them with results of the 
2013 NAWQA assessment of groundwater used for public supply in the Basin and Range basin-fill aquifers of 
Arizona, California, Nevada, and Utah.

Contact: Laura Bexfield, U.S. Geological Survey, 5338 Montgomery Blvd. NE, Suite 400, Albuquerque,  
NM 87109, bexfield@usgs.gov, 505-830-7972



59th Annual New Mexico Water Conference  Poster Abstracts218

November 18-19, 2014

Temporal Analysis of Non-Snow Fed Streams in New Mexico

Fawn Brooks
 University of New Mexico, 1613 Hazeldine Ave SE Apt E., Albuquerque, NM 87106,

fbrooks@unm.edu, 812-989-1204

Poster Abstract 2

The impact of climate change on the hydrological cycle is an area that requires more detailed analysis 
and research. While climate models agree that global temperatures will rise due to anthropogenic climate 
change, the impact on precipitation is less well understood. Changes in precipitation will directly impact the 
streamflow of all streams and rivers along with stream variability. Large snow fed rivers such as the Gila 
River and the Rio Grande have received extensive study due to the impact they have on water availability in 
major cities, but headwater, intermittent, and ephemeral streams have largely been ignored.

The objective of this study is to identify, define, and analyze non-snow fed streams in New Mexico in order to 
determine what impact climate change is having on hydrological trends and variability using the Rio Penasco 
as an illustration. This study seeks to discover if there are any temporal trends in streamflow data including 
interannual and decadal variability. It also seeks to find patterns in streamflow variability by examining 
peak flows, floods, and droughts. All data will be tested for trends and the trends will subsequently be tested 
for significance. A flood analysis will be run on all streams in order to determine if any floods occur, the 
magnitude of the floods, and if there are any temporal trends in the flood series. Interannual variability of 
flow statistics will be compared to known climatic drivers such as the El Niño-Southern Oscillation.

Contact: Fawn Brooks, University of New Mexico, 1613 Hazeldine Ave SE Apt E, Albuquerque, NM 87106, 
fbrooks@unm.edu, 812-989-1204
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Underground Storage & Recovery in New Mexico

Doug Crosby
 New Mexico Office of the State Engineer, Water Resources Allocation Program, Statewide Program

407 Galisteo St. Santa Fe, NM 87504,
dougp.crosby@state.nm.us, 505-827-6120

Daniel Estrada
 New Mexico Office of the State Engineer, Water Resources Allocation Program, Statewide Program

407 Galisteo St. Santa Fe, NM 87504,
daniel.estrada@state.nm.us, 505-827-6120

Poster Abstract 3

Surface storage of water in the high desert of New Mexico results in considerable loss of stored water to 
evaporation. Research has indicated pan evaporation rates in New Mexico range from approximately 30 
inches to over 80 inches per year. There is no guarantee that nature will return this significant amount of 
precious water for beneficial use in our state. Other ways (not open surface storage) to keep this water 
available for use in the state is to store it in huge above ground tanks which are costly to construct, require a 
large land footprint, and are not aesthetically pleasing. According to 2010 data provided by the OSE Water 
Use and Conservation Bureau, approximately 46% of all water withdrawals in NM in 2010, were from surface 
water. Surface reservoir evaporation accounted for an approximate 7% loss of available water. According 
to the same report (New Mexico Water Use by Categories 2010), all of this evaporative loss is from surface 
water. There are currently five active Underground Storage and Recovery (USR) projects in NM, at various 
stages of development and permitting. This poster summarizes the status of these projects undertaken by the 
Albuquerque Bernalillo County Water Utility Authority (ABCWUA), the City of Rio Rancho, and the City 
of Las Vegas. Contractor Daniel B. Stephens & Associates, Inc. of Albuquerque is providing technical and 
administrative support for all of these projects. The Office of the State Engineer (OSE) and the New Mexico 
Environment Department (NMED) are responsible for the permitting.

Contact: Doug Crosby, New Mexico Office of the State Engineer, PO Box 25102, Santa Fe, NM 87504, 
dougp.crosby@state.nm.us, 505-827-6120
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21st Century Streamflow Projections for the Upper Gila River

David Gutzler
 University of New Mexico, Dept of Earth & Planetary Sciences

MSC03-2040, Albuquerque NM 87131,
gutzler@unm.edu, 505-277-3328

Poster Abstract 4

Median snowmelt-runoff driven flows in the upper Gila River are projected to decrease by mid-century, with 
a best estimate of about 8% less total flow, based on projections derived from global climate change models 
that predict a continuation of current warming trends in coming decades. We have compared dynamical 
projections of changing flow in the upper Gila generated by the Bureau of Reclamation’s West-Wide Climate 
Risk Assessment, with a statistical projection derived from a regression of observed precipitation and 
temperature onto historical flows, assuming stationarity statistics of interannual variability. The stationarity 
assumption will be violated by mid-century but is defensible for the next several decades. Possible changes in 
summer flows driven by monsoonal precipitation are very difficult to project.

Dynamical and statistical approaches yield consistent projections of declining average snowmelt runoff on 
the upper Gila for the period 2021-2050 if, and only if, a long historical period is chosen to represent baseline 
“average” flow. An averaging period much longer than the 30 year “climate normal” used by meteorologists 
is needed to establish a representative “average” flow to use as the basis for assessing century-scale climate 
change. Detecting the incipient effects of long-term warming trends on streamflow requires development of 
flow metrics that separate temperature-driven change from interannual and decadal precipitation variability.

Contact: David Gutzler, University of New Mexico, Dept of Earth & Planetary Sciences MSC03-2040, 
Albuquerque NM 87131, gutzler@unm.edu, (505) 277-3328
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Water Right Systems to Protect Food Security in the Lower Tigris Euphrates

Dina Salman
 NMSU, New Mexico State University, Dept. of Agricultural Economics and Agricultural Business

PO Box 30003, MSC 3169, Las Cruces, NM 88003-8003,
dinasalm@nmsu.edu, 915-226-5028

Poster Abstract 5

In arid regions where irrigation is important, food security is tied to the supply and efficient use of water. 
Ongoing climate change and variability is raising the importance of science-informed water management 
to protect food security in irrigated areas. Much research has examined climate-related impacts on food 
security, but little has work has systematically examined alternative water right systems for protecting food 
security. This research addresses that gap by examining water right systems based on water allocation rules 
that protect food security while adapting to ongoing water supply fluctuations. It is based on a case study of 
water supply shortages in Iraq, where food grain shortages have been experienced periodically over a long 
history as a consequence of those shortages. It examines two alternative water allocation rules for adapting to 
drought while protecting food grain security in the Lower Tigris-Euphrates Basin, Iraq. The most widespread 
method for sharing water shortages when they occur in Iraq is an upstream priority allocation system. An 
alternative method for addressing reduced supplies is a proportional sharing of shortfalls. These two water 
shortage sharing systems are reviewed for their performance for sustaining domestic grain food security. 
Surprisingly, a proportional sharing of shortages outperforms the upstream priority system. Results point to 
the importance of carefully designed rules for allocating water shortages to ensure food grain security in the 
world’s important irrigated regions.

Contact: Dina Salman, NMSU, New Mexico State University, Dept. of Agricultural Economics and 
Agricultural Business, PO Box 30003, MSC 3169, Las Cruces, NM 88003-8003, dinasalm@nmsu.edu,  
915-226-5028



59th Annual New Mexico Water Conference  Poster Abstracts222

November 18-19, 2014

Effects of Forest Fire on Submerged Aquatic Macrophytes

Virginia Thompson
 University of New Mexico, MSC03 2020, 1 University of New Mexico, Albuquerque, NM 87131,

gin2001@unm.edu, 505-277-3411

Clifford N. Dahm
 Department of Biology, University of New Mexico

MSC03 2020, 1 University of New Mexico, Albuquerque, NM 87131,
cdahm@sevilleta.unm.edu, 505-277-2850

Poster Abstract 6

Surface water systems are increasingly critical for human water supply, and submerged aquatic macrophytes 
(SAMs) can strongly influence these ecosystems. High elevation headwater areas, such as the East Fork Jemez 
River (EFJR) in the Jemez Mountains of northern New Mexico, are a key component of these surface water 
networks. The EFJR, in the Valles Caldera National Preserve (VCNP), is a low gradient grassland stream with 
very high primary productivity driven throughout the growing season by four main aquatic plant species: 
Elodea canadensis, Ranunculus aquatilis, Potamogeton richardsonii, and Stuckenia pectinata. The Las 
Conchas fire, which burned over 157,000 acres of forest and grassland in June and July of 2011 including 36% 
of the East Fork Jemez watershed, created an excellent opportunity to study the effects of a catastrophic forest 
fire on SAMs both as individual species and as a dominant community for primary production. SAMs extract 
nutrients from both the water column and the sediment. Fire increases both dissolved nutrients and the 
transport of nutrient rich particles to streams. Plant tissue samples collected before and after the Las Conchas 
fire are being analyzed for percent carbon (C), percent nitrogen (N) and percent phosphorous (P) to see if the 
elemental stoichiometry of the tissues in the SAMs has responded to the nutrient enrichment. Understanding 
the effects of catastrophic forest fires on the growth and composition of SAMs will provide valuable new 
information on the recovery of these key components of aquatic primary production in mountain headwater 
streams throughout New Mexico.

Contact: Virginia Thompson, University of New Mexico, MSC03 2020, 1 University of New Mexico, 
Albuquerque, NM 87131, gin2001@unm.edu, 425-241-9212
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Application of HydroGeoSphere to Model Complex Hydrological Processes  
in Valles Caldera, New Mexico

Michael Wine
 New Mexico Institute of Mining and Technology, Earth and Environmental Sciences, Mineral Science  

and Engineering Complex, 801 Leroy Place, Socorro, NM 87801,
mlw63@me.com, 505-903-8013

Daniel Cadol
 New Mexico Institute of Mining and Technology, Earth and Environmental Sciences, Mineral Science  

and Engineering Complex, 801 Leroy Place, Socorro, NM 87801,
dcadol@ees.nmt.edu, 575-835-5645

Poster Abstract 7

Climate change is expected to reduce streamflow in the southwestern USA due to reduction in precipitation 
and increases in evaporative demand. Understanding the effects of climate change in this region is 
particularly important for mountainous areas since these are primary sources of recharge in arid and semi-
arid environments. Therefore we undertook to model effects of climate change on the hydrological processes 
in Valles Caldera (448 km2), located in the Jemez Mountains of northern New Mexico.

In Valles Caldera modeling the surficial, hydrogeological, and geothermal processes that influence hydrologic 
fluxes each present challenges. The surficial dynamics of evaporative demand and snowmelt both serve to 
control recharge dynamics, but are complicated by the complex topography and spatiotemporal vegetation 
dynamics. Complex factors affecting evaporative demand include leaf area index, temperature, albedo, and 
radiation affected by topographic shading; all of these factors vary in space and time. Snowmelt processes 
interact with evaporative demand and geology to serve as an important control on streamflow generation, but 
modeling the effects of spatiotemporal snow distributions on streamflow generation remains a challenge. The 
complexity of Valles Caldera’s geology—and its associated hydraulic properties—rivals that of its surficial 
hydrologic forcings. Hydrologically important geologic features that have formed in the Valles Caldera are 
three-dimensionally intricate and include a dense system of faults, alluvium, landslides, lake deposits, and 
features associated with the eruption and collapse of this super volcano. Coupling geothermally-driven 
convection to the hydrologic cycle in this still-active geothermal system presents yet an additional challenge 
in modeling Valles Caldera.

Contact: Michael Wine, New Mexico Institute of Mining and Technology, Earth and Environmental Sciences, 
Mineral Science and Engineering Complex, 801 Leroy Place, Socorro, NM 87801, 
mlw63@me.com,505-903-8013
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Modeled Impacts of Conventional Uranium Mining on Groundwater  
in the San Juan Basin, New Mexico

Katie Zemlick
 University of New Mexico, 104 Paseo Vista, Santa Fe, NM 87508,

czemlick@unm.edu, 505-577-4203

Dr. Bruce Thomson
University of New Mexico, Dept. of Civil Engineering

MSC01-1070, The University of New Mexico, NM 87131,
bthomson@unm.edu, 505-277-4729

Poster Abstract 8

With few exceptions, all conventional sources of electric power are associated with large volumes of water to 
produce the fuel and/or generate the electricity. Growing electric power demands thus result in increasing 
impacts on water resources, especially in the arid southwest. Electricity production from nuclear power 
provides 19% of total US energy demand, but more than 83% of the required uranium is currently imported. 
It is estimated that uranium reserves in the San Juan Basin in northwestern New Mexico contains nearly 600 
million pounds of ore, primarily in the Morrison Formation, leading to renewed interest uranium mining in 
the basin. However, most of these reserves are located in high quality and productive aquifers consequently 
future underground development would have large impacts on an already limited resource. This paper 
describes a modeling study to explore the relationship between uranium development and water resources in 
the region. The basin was divided into nearly 300 interconnected cells to account for geologic and hydrologic 
variability and a spatial-compartmental (Roach & Tidwell, 2009) or mixing cell approach within a system 
dynamics framework was applied to model groundwater flow and the impacts of uranium mining on 
groundwater resources in the Morrison Formation. Results from the model simulations show storage loss in 
cells in the vicinity of potential mines, very large cones of depression and extraction of large volumes of water 
associated with mining. The model suggests that the impacts of uranium mining on groundwater vary largely 
as a function of sub-regional geology and groundwater hydrology.

Contact: Katie Zemlick, University of New Mexico, 104 Paseo Vista, Santa Fe, NM 87508, czemlick@unm.edu, 
505-577-4203
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Native American Water Rights Settlements Repository

Darcy Bushnell
 Utton Center, UNM School of Law, MSC 11 6070, 1 UNM, Albuquerque, NM 87131-0001,

bushnell@law.unm.edu, 505-277-0551

Poster Abstract 9

The Native American Water Rights Settlement project is a repository of legal documents that are related 
to Native American water rights. The repository includes rich metadata documenting the content and 
classification of the documents to facilitate search and access to the documents.

The text-based search supported by the documentation in the repository is complemented by a map-based 
search tool that uses geographic locations associated with the documents to enable discovery by location.

The repository arranges by documents by water rights agreement (settlement). The map search-tool allows 
for searches by reservation/Tribe, by state, by hydrological unit and by document type.

In the map interface red boundaries indicate reservations, green-fill with red boundaries indicate reservations 
with documents, dotted boundaries indicate states and blue boundaries indicate hydrological units. Access to 
documents is provided through either text-based or map-based search, with both processes taking the user to 
the scanned documents for download and use.

While the current application focuses on documents related to Tribal water rights settlements, the general 
model may be expanded to any document and/or data collection for which there is a defining location 
component.

Contact: Darcy Bushnell, Utton Center, UNM School of Law, MSC 11 6070, 1 UNM, Albuquerque, 
NM 87131-0001, bushnell@law.unm.edu, 505-277-0551
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Development of a Bio-indicator to Assess Water Quality in Ephemeral Ponds

Rebekah Horn
 New Mexico State University, 2980 S. Espina St., Knox Hall Rm 132, Las Cruces, NM 88003,

rhorn83@nmsu.edu, 575-646-5022

David E. Cowley
 New Mexico State University, 2980 S. Espina St., Knox Hall Rm 132, Las Cruces, NM 88003,

dcowley@nmsu.edu, 575-646-1346

Poster Abstract 10

Ephemeral ponds are unique to arid regions and have been identified as one of the ten key aquatic habitats 
in New Mexico because they constitute a large proportion of the overall water resources in the state. These 
critical water resources recharge ground waters and provide habitat for waterbirds and species of crustaceans 
such as the tadpole shrimp (Notostraca: Triops). Modifications are frequently made to ephemeral ponds to 
benefit livestock management or as catchment basins for flood or wastewater produced by oil and natural gas 
operations. These anthropogenic inputs can influence both the physical and chemical nature of the water and 
sediments causing water chemistry changes. My previous research indicates that water quality differences 
can alter species occurrence of tadpole shrimp within ephemeral ponds in southwestern NM, a region 
dominated by urban and ranching impacts. The tadpole shrimp Triops newberryi appears more tolerant of 
anthropogenically modified ponds whereas T. longicaudatus “short” does not occur in ponds with increased 
levels of nitrates and ammonia. The Otero Mesa region in the south central portion of NM that is one of the 
last intact grasslands of the Chihuahuan Desert, has no urban impacts, and contains a third, undescribed 
species of tadpole shrimp. I will be testing the water chemistry of ponds on the Otero Mesa, comparing them 
to ponds in southeastern NM and determining if species occurrence directly corresponds to water quality. 
With this information, tadpole shrimp can be used as a bio-indicator species to assess water quality within 
ephemeral ponds.

Contact: Rebekah Horn, New Mexico State University, 2980 S. Espina St., Knox Hall Rm 132, Las Cruces,  
NM 88003, rhorn83@nmsu.edu, 575-646-5022
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Pore Clogging Due to Irrigation with RO Concentrate

Alison Flores
 Plant and Environmental Sciences, New Mexico State University, P.O. Box 30003, Las Cruces, NM 88003,

amflores@nmsu.edu, 575-496-6265

Manoj Shukla
Plant and Environmental Sciences, New Mexico State University

P.O. Box 30003, Las Cruces, NM 88003

Poster Abstract 11

In the southwestern United States, water is a scarce resource because of arid climate with low rainfall and 
high evaporation. Problem is exacerbated by low quality groundwater and dwindling surface water. There is 
a growing need for use of alternate water sources for agricultural use. About 75% of available groundwater 
in New Mexico is saline (EC > 3 dS/m). Brackish Groundwater National Desalination Research Facility in 
Alamogordo, NM uses reverse osmosis for desalinization of groundwater. This process results in a highly 
concentrated saline solution which must be managed in an environmentally sound way. One proposed way 
to dispose of this concentrate is land application for irrigation of salt tolerant plants. However, its impact 
on soil porosity is unknown. The objective of this study was to evaluate the effect of irrigation with RO 
wastewater concentrate on soil hydraulic conductivity. Two soils, clay and silica sand, were repacked and 
saturated with concentrate and one pore volume of concentrate (EC ~ 9.5 dS/m) was applied to the soil once 
a week. The samples were allowed to dry for one week at temperatures simulating southern NM weather 
between concentrate applications and the cycle was continued for 22 weeks. The hydraulic conductivity and 
bulk density of the samples were measured at 4 week intervals. Results from experiments showed reductions 
in hydraulic conductivity with concentrate application likely due to the precipitation of chemicals from 
wastewater resulting in pore clogging. Concentrate disposal on soil could aid in the implementation of inland 
groundwater desalination in the southwestern U.S.

Contact: Alison Flores, Plant and Environmental Sciences, New Mexico State University, P.O. Box 30003,  
Las Cruces, NM 88003, amflores@nmsu.edu, 575-496-6265
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New Mexico Water Assessment: Surface-Water Inflow, Outflow, Gain, and Losses

Joseph Affinati
U.S. Geological Survey, 5338 Montgomery Blvd., NE, Suite 400, Albuquerque, NM, 87109,

jaffinati@usgs.gov, 505-830-7956

Nathan Myers
U.S. Geological Survey, 5338 Montgomery Blvd., NE, Suite 400, Albuquerque, NM, 87109,

nmyers@usgs.gov, 505-830-7942

Poster Abstract 12

Streams are an essential source of water in the arid southwest. New Mexico’s streams currently provide about 
50 percent of the water used in the state. Recent studies have shown that the timing and availability of spring 
runoff is changing, which could substantially affect water availability and management strategies in New 
Mexico. Water managers have undertaken a comprehensive water assessment to quantify major components 
of the water budget. This study, funded the NM Water Resources Research Institute, will provide the surface-
water component of the New Mexico Statewide Water Assessment.

The objectives of this project are to quantify the total volume of streamflow entering and leaving New Mexico 
and to generally identify areas where gains and losses of streamflow occur. Specific causes of gains and 
losses will not be identified initially, but could be evaluated in a future, more detailed, study. Major stream 
systems identified for analysis include the Rio Grande and the Canadian, Gila, Pecos, San Francisco, and San 
Juan Rivers. Annual and monthly mean streamflow data will be obtained from the network of streamflow 
gages operated by the U.S. Geological Survey (USGS), Bureau of Reclamation, and state agencies. Data will 
be collected from gages located near headwaters, upstream and downstream from reservoirs, and near state 
borders along most perennial streams within the major stream systems. Annual mean streamflow data, 
derivative products such as seasonal and monthly mean streamflow data, and additional supplemental data 
will be provided as ArcGIS files for incorporation into the Statewide Water Assessment database.

Contact: Joseph Affinati, U.S. Geological Survey, 5338 Montgomery Blvd., NE, Suite 400, Albuquerque,  
NM 87109, jaffinati@usgs.gov, (505) 830-7956
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Study on Increasing CO2 Storage, Recovering Extracted Water for Beneficial Use

Shaoping Chu
Los Alamos National Laboratory, Computational Earth Science Group, MS T003, Earth and Environmental 

Sciences Division, Los Alamos National Laboratory, Los Alamos, NM 87545,
spchu@lanl.gov, 505-667-9190
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ejs@lanl.gov, 505-667-2889

Rajesh J. Pawar
Los Alamos National Laboratory, Computational Earth Science Group, MS T003, Earth and Environmental 

Sciences Division, Los Alamos National Laboratory, Los Alamos, NM 87545, 
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Philip H. Stauffer
Los Alamos National Laboratory, Computational Earth Science Group, MS T003, Earth and Environmental 

Sciences Division, Los Alamos National Laboratory, Los Alamos, NM 87545,
stauffer@lanl.gov, 505-665-4638

Poster Abstract 13

Carbon capture, utilization and storage (CCUS) seeks beneficial applications for capturing and storing CO2 
from fossil fuel burning. This project examines enhanced water recovery (EWR) as the primary application. 
Secure carbon storage requires identification of suitable geological formations possessing requisite storage 
volume, containment and injectivity. This pre-feasibility study evaluates the potential for removing deep, 
saline water to create additional storage capacity for CO2 while treating the extracted water so that it can 
be used for industrial and other uses. Known as active reservoir management, the process would control 
pressures within the formation, lessen the risk of caprock failure, and better control the movement of 
CO2 within the target formation. The project studied the GreenGen site in Tianjin, China where Huaneng 
Corporation is capturing CO2 at a coal fired IGCC power plant. This region in China is highly water-stressed 
because of population growth and arid conditions. Water extracted from the rocks used for CO2 storage 
was found to be brackish (3,000-10,000 mg/L total dissolved solids) and likely to be treatable for various 
applications. Treatment options and costs were then developed for the water that would be extracted, 
including desalination, pretreatments, transportation, and concentrate waste disposal. EWR enhanced by 
CO2 injection could be used to play a role in the water budget of the State of New Mexico while helping to 
sequester carbon, while also helping to define the costs and processes of inland brackish water desalination. 
This project was organized under the U.S.-China Clean Energy Research Consortium (CERC).

Contact: Shaoping Chu, Los Alamos National Laboratory, Computational Earth Science Group, MS T003, 
Earth and Environmental Sciences Division, Los Alamos National Laboratory, Los Alamos, NM 87545, 
spchu@lanl.gov, 505-667-9190
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Irrigation Water Balances of Agricultural Corridors in Northern New Mexico

Jose Juan Cruz Chairez
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Steven J. Guldan
NMSU, Sustainable Agriculture Science Center, P.O. Box 159, Alcalde, NM 87511,

sguldan@nmsu.edu, 505-852-4241

Poster Abstract 14

Projections of water scarcity due climate change and population growth endanger the use of the available 
water resources in the southwestern United States. A wide spatial and temporal analysis of surface water and 
groundwater dynamics is necessary to improve water planning and management. Our study was carried out 
to characterize surface water and groundwater interactions and to quantify the water budget components at 
irrigated corridors in northern New Mexico. The study sites were instrumented to collect weather data, water 
flows of rivers and acequias, shallow groundwater level fluctuations, soil physical properties, and irrigation 
and crop management practices. From one of our study sites, shallow groundwater level responses raised up 
to 24-38 cm, as a response of water percolation below the 1 m of soil. In another of our study sites, we found 
seepage values up to 16% of the main ditch flow, that support annual groundwater levels increments up to 
1 m. Preliminary results in sites with low, medium and high water availability in our research area, showed 
deep percolation as the major component of the water budget with 43, 46 and 52% respectively. This study 
revealed that, water availability drives the amount of applied water and the irrigation schedule on the farms. 
At our study valleys it appears that traditional irrigation is an important source of groundwater recharge. 
From the ongoing study, we expect to get detailed information about the water distribution over larger spatial 
scales using field measurements and geographic information systems-based land use classification.

Contact: Jose Juan Cruz Chairez, New Mexico University, Animal and Range Sciences, PO Box 30003, MSC 3I, 
Las Cruces, NM 88003, curzjuan@nmsu.edu, 575-386-1411
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In Situ Complexation and Facilitated Transport of Oxidants

Adam Dettmer
New Mexico State University

3245 E. University Ave. Apt. 1014, Las Cruces, NM 88011,
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New Mexico State University

Poster Abstract 15

Naturally occurring reduced species associated with subsurface materials can impose a significant natural 
oxidant demand (NOD), which is the bulk consumption of oxidants by soil water, minerals, and organic 
matter. Although injection of oxidants has been used for chemical transformation of organic contaminants, 
NOD represents a challenge for the in-situ delivery of oxidants as a remediation alternative. Co-injection of 
complexation agents with oxidants has been proposed to facilitate the delivery of oxidants for in situ chemical 
oxidation remediation of contaminated groundwater. This study investigates variability of NOD for different 
oxidants and sediments. The effect of the addition of various complexation agents, including EDTA, tween 
80, hydroxypropyl-beta-cyclodextrin (HPCD), humic acid, and generation 3 poly(amidoamine) (PAMAM) 
dendrimer, on the NOD was also examined. NOD was measured for a clay loam (collected from Air Force 
Plant 44 in Tucson, AZ). Varying amounts of biosolids were mixed with subsamples of the clay loam to create 
two additional reference soils in order to study the effect of organic matter and other soil characteristics on 
the NOD. Bench-scale laboratory experiments were conducted to determine the NOD for various oxidants, 
using the three soils, and replicated with and without various delivery agents. Measured NOD showed 
variability for each soil and oxidant composition. Additionally, significant differences were observed in NOD 
with the addition of delivery agents. The results support the elucidation of potential controls over NOD and 
have implications for in situ, oxidation-based remediation of contaminated groundwater.

Contact: Adam Dettmer, New Mexico State University, 3245 E. University Ave. Apt. 1014, Las Cruces,  
NM 88011, adett@nmsu.edu, 216-406-2409
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Salinity and Surface-Water/Groundwater Interaction in Two Alluvial Basins, 
Southern New Mexico
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Poster Abstract 16

Salinity sources along the Rio Grande in Southern New Mexico include anthropogenic (such as agricultural 
return flows and municipal wastewater discharges) and geologic sources (such as upwelling of deep, saline 
groundwater). Measurements of surface-water discharge, groundwater levels, specific conductance (SC), and 
surface-water/groundwater interaction (seepage) over the study period (2009-2013) will allow assessment 
of how changes in conjunctive-use water may affect water quality in the Palomas and Mesilla groundwater 
basins. The study area is defined by three continuous streamgages on the Rio Grande: below Caballo Dam, 
below Leasburg Dam, and at El Paso, which bound the Palomas (Caballo to Leasburg) and Mesilla (Leasburg 
to El Paso) basins. Probes in 13 shallow alluvial groundwater wells show a consistent decline in water 
levels. Annual low-flow seepage investigations conducted within the Mesilla basin show cumulative loss 
for each measurement within the study period. SC data from these wells show different temporal trends; six 
wells show steady increase, two show steady decrease, and five show variability, but no trend. Threshold-
value-defined release/non-release seasons were defined using the daily flow data at each streamgage and 
evaluated on a daily basis. Dissolved-solids loads were calculated using a locally-derived SC/dissolved-solids 
conversion factor to quantify the salt mass on a daily basis. Daily loads at each streamgage were aggregated 
to monthly, seasonal, and annual loads and differenced to estimate the amount of dissolved-solids source or 
sink and trends within the Palomas and Mesilla basins over the study period.

Contact: Jessica Driscoll, USGS, New Mexico Water Science Center, 5338 Montgomery Blvd NE, Albuquerque, 
NM 87109, jdriscoll@usgs.gov, 505-830-7952
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The Science and Economics of Water Desalination Using Forward Osmosis

Ashok Ghosh
New Mexico Tech, 118 Weir Hall, 801 Leroy Place, Socorro, NM 87801,

ashok@nmt.edu, 575-835-5505

Poster Abstract 17

Currently, Southeastern New Mexico (SENM) produces in the range of 400 million barrels of produced 
water/year, with total dissolved solids (TDS) ~ 200,000 ppm. Disposal is most often done by transporting 
the produced water to injection wells or disposal ponds, costing around $1.2 billion/year with an estimated 
0.3 million barrels of transportation fuel used during the transport. SENM ranks 1st among US states in the 
production of Potash. Potash processing uses highly concentrated brine water. If produced water can be 
cleaned to an acceptable level for the potash industries providing them with an alternate source of process 
water.

A Forward Osmosis (FO) based desalination technology is developed under grants from National Energy 
Technology Laboratory (NETL) of DOE and Office of Naval Research (ONR). Laboratory tests at New Mexico 
Tech (NMT) demonstrated that an unprecedented water flux can be achieved from a properly designed 
membrane module. Current efforts are directed towards taking the technology to higher level of system 
maturity. Economic analysis demonstrates that the FO technology developed has the potential for competing 
with Reverse Osmosis (RO).

Contact: Ashok Ghosh, New Mexico Tech, 118 Weir Hall, 801 Leroy Place, Socorro, NM 87801,  
ashok@nmt.edu, 575-835-5505
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Estimating Precipitation and Evapotranspiration Rates  
Using Streamflow Measurements

Cameron Herrington
University of New Mexico, 1 University Blvd., Albuquerque, NM 87131,

cherri01@unm.edu, 505-850-0673

Ricardo Gonzalez-Pinzon
University of New Mexico, 1 University Blvd., Albuquerque, NM 87131,

gonzaric@unm.edu, 505-277-2621

Poster Abstract 18

Streamflow through the Middle Rio Grande Valley is largely driven by snowmelt pulses and monsoonal 
precipitation events originating in the mountain highlands of New Mexico (NM) and Colorado. Water 
managers rely on results from storage/runoff models to distribute this resource statewide and to allocate 
compact deliveries to Texas under the Rio Grande Compact agreement. Prevalent drought conditions and 
the added uncertainty of climate change effects in the American southwest have led to a greater call for 
accuracy in storage model parameter inputs. While precipitation and evapotranspiration measurements are 
subject to scaling and representativeness errors, streamflow readings remain relatively dependable and allow 
watershed-average water budget estimates. Our study seeks to show that by “Doing Hydrology Backwards” 
we can effectively estimate watershed-average precipitation and evapotranspiration fluxes in semi-arid 
landscapes of NM using fluctuations in streamflow data alone. We tested this method in the Valles Caldera 
National Preserve (VCNP) in the Jemez Mountains of central NM. This method will be further verified by 
using existing weather stations and eddy-covariance towers within the VCNP to obtain measured values 
to compare against our model results. This study contributes to further validate this technique as being 
successful in humid and semi-arid catchments as the method has already been verified as effective in the 
former setting.

Contact: Cameron Herrington, University of New Mexico, 1 University Blvd., Albuquerque, NM 87131, 
cherri01@unm.edu, 505-850-0673
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Life Cycle Assessment of Using Dairy Waste for Algae Bio-Energy Production  
in New Mexico

Janak Joshi
University of New Mexico, Department of Economics, Albuquerque, NM 87131,

jjoshi@unm.edu, 505-814-9510

Jingjing Wang
University of New Mexico, Department of Economics, Albuquerque, NM 87131,

wangj@unm.edu

Poster Abstract 19

Consolidation in livestock production generates higher farm incomes due to economies of scale. However, 
it also brings waste disposal problems. New Mexico ranks number one in the nation in dairy farm size 
with an average of over 2000 cows per farm. Dairy waste is a significant source of nitrates and improper 
management of animal waste from the state’s large dairy farms can produce adverse environmental and 
health effects, including groundwater nitrate pollution. Optimal management of dairy waste is crucial for the 
sustainable development of the region. Given the characteristics of the dairy industry and the energy sector 
of New Mexico, we assess the environmental and economic impacts of utilizing dairy waste for bioenergy 
production. Instead of conventional land application, dairy waste can be treated through anaerobic digestion 
for biogas production and nutrient recovery. The post-digestion waste can be used as nutrient source for 
algae cultivation and bioenergy production. In this study, we employ an integrated life cycle assessment to 
evaluate the physical and economic feasibility of controlling nitrate pollution from large dairy farms while 
boosting green energy in New Mexico.

KEYWORDS : Pollution, nitrates, dairy waste, bioenergy

Contact: Janak Joshi, University of New Mexico, Department of Economics, Albuquerque, NM 87131, 
jjoshi@unm.edu, 505-814-9510
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Oil Production Wastewater Geochemical Variability from Permian Basin  
of Southwest USA

Naima Khan 
NMSU, 855 E. University Ave; Casa Bandera Apt 717; Las Cruces 88001,

linda29@nmsu.edu, 575-405-8036

Poster Abstract 20

Produced water is water (including fracturing flow-back) coproduced during oil and gas exploration and 
production. The U.S.generates 21 billion barrels/year of produced water, which is generally considered 
wastewater. Growing unconventional oil and gas production has increased the need for beneficial use of 
produced water, especially in arid regions such asthe Permian Basin, the largest U.S. tight oil producer. 
Produced waters may have variable water chemistries, but generally contain high levels of organics and 
salts. In order to evaluate the environmental impact, treatment, and reuse potential, there is a need to 
characterize the compositional variability of produced water. Produced water samples from the Permian 
Basin were collected from 12 wells across west Texas and east New Mexico. Compositional analyses 
including gas chromatography-time of flight-mass spectrometry and inductively coupled plasma-optical 
emission spectroscopy were conducted. The samples show elevated benzene, ethylbenzene, toluene, and 
xylene, alkyl benzenes, propyl-benzene, naphthalene compared to other heteroaromatics, and complex 
hydrocarbon compounds containing oxygen, nitrogen and sulfur. Van Krevelen diagrams suggest an increase 
in concentration of heteroaromatic hydrocarbons with an increase in the depth of the formations, and the 
sodium-chloride dominant salinity also increased with depth ranging from 37-150g/L. Depth of wells (or 
producing formation) is a primary control on predicting water quality for management, treatment and 
beneficial use.

Contact: Naima Khan, Student, 855 E. University Ave; Casa Bandera Apt 717; Las Cruces 88001, 
linda29@nmsu.edu, 575-405-8036
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Northeastern Tularosa Basin Regional Hydrogeology Study, New Mexico

Ethan Mamer 
New Mexico Bureau of Geology: Aquifer Mapping Program

801 Leroy Place, Socorro, NM 87801,
emamer@nmbg.nmt.edu, 575-322-5220

Talon Newton 
New Mexico Bureau of Geology, 801 Leroy Place Socorro, NM 87801

Stacy Timmons
New Mexico Bureau of Geology, 801 Leroy Place Socorro, NM 87801

Daniel Koning
New Mexico Bureau of Geology, 801 Leroy Place Socorro, NM 87801
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New Mexico Bureau of Geology, 801 Leroy Place Socorro, NM 87801

Poster Abstract 21

The work presented in this report covers the northeastern region of the Tularosa Basin, along the western 
mountain front of the Sacramento Mountains, from Carrizozo to Alamogordo. This study’s goal was to 
improve understanding of the groundwater resources in this region by identifying recharge areas and 
quantities, determining groundwater flow rates and direction, and to interpret the groundwater/surface water 
interactions that exist in the region. Methods used in this effort included geologic mapping, groundwater-
level measurements, with geochemical analyses of the groundwater, springs and streams. Using water-
level measurements collected between 2009 and 2011, we were able to determine zones where aquifers 
are recharging, being pumped, declining, or not changing. The geochemical analyses of the groundwater, 
springs and streams served to emphasize the complex hydrogeologic system of the mountain front. The 
observations of spatial trends in water chemistry are highly correlated to the geology and the flow path that 
the groundwater follows through the subsurface. To quantify the total mean annual volume of recharge 
entering the basin we conducted Darcy Flow calculations along cross sections perpendicular to the mountain 
front. The Darcy Flow calculations were then compared with other recharge approximations from previous 
studies to determine the approximate volume entering the system via the different recharge mechanisms: 
mountain-block recharge and mountain-front recharge. The results of this study have significantly increased 
our knowledge about the hydrologic system responsible for recharging the northeastern Tularosa Basin 
region from the east. With increased dependence on local groundwater, community education related to 
water conservation is highly encouraged.

Contact: Ethan Mamer, New Mexico Bureau of Geology: Aquifer Mapping Program, 801 Leroy Place, 
Socorro, NM 87801, emamer@nmbg.nmt.edu, 575-322-5220
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An Economic Analysis of Ratepayers’ Willingness-to-Pay for Water Utility 
Infrastructure Investments

Heidi Pitts
University of New Mexico, Department of Economics

MSC 05 3060, Albuquerque, NM 87131,
hpitts@unm.edu, 505-827-6971

Dr. Jennifer Thacher
University of New Mexico, Department of Economics

MSC 05 3060, Albuquerque, NM 87131,
jthacher@unm.edu, 505-277-1965

Poster Abstract 22

Australia’s regulatory process requires water utilities to consider customers’ willingness-to-pay when 
setting rates and investment priorities. U.S. utilities face challenges to invest in failing pipe infrastructure, 
environmental regulation compliance, and inadequate water supply. These investments will require 
significant revenues beyond current rates. Customers are the only viable funding source. Water utilities could 
follow Australian practices as understanding willingness-to-pay could be informative when structuring 
rate increases. We present results from a 2009 choice experiment conducted with ABCWUA water utility 
to examine residential ratepayers’ preferences for three investment projects: drinking pipe infrastructure, 
reuse water infrastructure, and renewable energy. Results indicate that ratepayers significantly value these 
investments. Reported willingness-to-pay amounts represent the additional amount the median ratepayer is 
willing to pay on his monthly bill over five years into a dedicated Water Infrastructure Fund. He is willing 
to pay $0.51 to avoid one additional outage, $0.36 to avoid a one hour increase in average outage length, and 
$0.06 for a one percent increase in advance notification of planned maintenance outages. Second, he is willing 
to pay $0.08 for a one percent increase in city greenspace irrigated with reuse water. Third, he is willing to 
pay $0.09 for a one percent increase in renewable energy used to treat and deliver water. Willingness-to-pay 
to avoid more frequent outages shows the greatest heterogeneity. We analyze determinants of willingness-
to-pay. Individuals with numerous pipe breaks within a half mile of home have a significantly higher 
willingness-to-pay to avoid longer and more frequent outages. Results are mapped using GIS.

Contact: Heidi Pitts, University of New Mexico, Department of Economics, MSC 05 3060,  
Albuquerque, NM 87131, hpitts@unm.edu, 505-827-6971
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Bosque Ecosystem Monitoring Program: Providing Water Quantity  
and Quality Data Along the Rio Grande

Jennifer Schuetz 
Bosque Ecosystem Monitoring Program at UNM  

MSC 03 2020, 1 University of New Mexico, Albuquerque, NM 87131, 
schuetz@unm.edu, 505-238-7674

Kim Eichhorst
Bosque Ecosystem Monitoring Program at UNM

MSC 03 2020, 1 University of New Mexico, Albuquerque, NM 87131,
kimde@unm.edu, 505-277-0758

Poster Abstract 23

For over 17 years, the Bosque Ecosystem Monitoring Program (BEMP) has collected data to track long-
term changes in the riparian ecosystem along the Rio Grande. Two of BEMP’s core datasets include water 
quantity and quality, both important facets of ecosystem health. Long-term water quantity measures include 
precipitation, depth to groundwater and well head elevation. Long-term data collected on groundwater, 
ditch and river water quality include field parameters (dissolved oxygen, pH, temperature, turbidity and 
conductivity) in addition to chloride, bromide, nitrate, phosphate and sulfate, which are analyzed in the lab. 
Intermittent, funding-driven water quality testing includes E. coli levels in river and irrigation ditches. BEMP 
also has data on pharmaceuticals and personal care products from above the San Juan Chama Drinking Water 
Project Diversion Dam and below the City of Albuquerque wastewater treatment plant. These datasets are 
analyzed with vegetation, fuel load, and arthropod data to track changes in ecosystem health and provide 
necessary baseline data to guide natural resource management decisions. BEMP data are requested and 
used by federal, state and local agencies, scientists and other organizations. Many of BEMP’s data users fund 
BEMP operations or the collection of specific datasets. BEMP data are non-proprietary and are available 
online at www.bosqueschool.org/bemp.aspx. Here we are presenting some of the questions and land 
management challenges that BEMP data can help address.

Contact: Jennifer Schuetz, Bosque Ecosystem Monitoring Program at UNM, MSC 03 2020,  
1 University of New Mexico, Albuquerque, NM 87131, schuetz@unm.edu, 505-238-7674
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Assessment of Water Quality in Irrigation Drainage Canals  
as a Source of Reusable Irrigation Water
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Juan Solis
NMSU Civil Engineering
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Poster Abstract 24

Main irrigation canals in the Rincon and Mesilla Valleys were designed to convey irrigation return flow back 
to the Rio Grande River where it is mixed with the river water for downstream use. However, due to several 
decades of dwindling flows and in some cases no-flow in the river, the mixing of poor quality water from the 
irrigation drainage canals further degrades the quality of river water downstream. Water quality of irrigation 
return flows in the southern Mesilla Valley major drains namely the Nemaxas Drain and the West Drain were 
assessed. Water samples were tested for anions, metals, Chemical Oxygen Demand (COD), Total Nitrogen/
Total Organic Carbon (TN/TOC), Salinity, pH and E.Coli (Escherichia coli) bacterium. This study is in its 
preliminary phase but the objective is to provide a better understanding of the quality of irrigation return 
flows for the southern Mesilla Valley in order to develop guidelines for designing riparian zones and their 
locations that would act as pollutant buffers and/or filtration system. The ultimate goal is to provide a natural 
method of reclaiming irrigation drainage water for irrigation purposes.

Contact: Kai Williams, NMSU Civil Engineering, 100 Vista Del Monte, Las Cruces, NM 88001,  
kaisw@nmsu.edu, 210-638-9613
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Potential of Reclaimed Water Sources for Irrigated Agriculture in New Mexico

Holly Woelber
NMSU- doctoral student, PO Box 909, Belen, NM 87002,

woelbh@yahoo.com, 505-977-7068

Poster Abstract 25

Water of adequate quality for crop production is considered to be one of the most critical limiting resources 
for agriculture in the southwestern United States at this time. Recent shortages of traditionally used surface 
and groundwater are exacerbating the problem. A proposed solution is to utilize reclaimed water sources 
available in New Mexico; dairy effluent, dairy processing plant wastewater, and oil and gas produced water 
that are capable of producing acceptable crop yields in six New Mexico economically significant crops; alfalfa, 
chile, corn, cotton, pecans, and wheat. Practical applications, within a framework of economic feasibility, will 
be explored. Additionally, alternative crops will be investigated and compared against developed criteria 
for reclaimed water quality to assess the possibility of cultivating them on a commercial scale. Research 
opportunities will be identified pertinent to these reclaimed water sources and policy implications discussed.

Contact: Holly Woelber, NMSU- doctoral student, PO Box 909, Belen, NM 87002, woelbh@yahoo.com,  
505-977-7068
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Satellite Observations of Ground Water Changes in New Mexico
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USDA Agricutural Research Service, 2995 Knox St., Las Cruces, NM 88003,

alrango@nmsu.edu, 575-646-2120

Poster Abstract 26

In 2002 NASA launched the Gravity Recovery and Climate Experiment (GRACE) satellite mission. GRACE 
consists of two satellites with a separation of about 200 km. By accurately measuring the separation between 
the twin satellites, the differences in the gravity field can be determined. Monthly observations of these 
differences can be related to changes in the mass below the satellites. On land these mass changes are 
primarily due to movement of water and GRACE effectively weighs the total amount of water (snow, surface 
water, groundwater and soil moisture) entering or leaving a region each month. A paper published in Science 
in 2013 by Famiglietti and Rodell presents results for the rate of change for the observed mass over the US 
between 2002 and 2013. In particular they found the loss of water from the southern high plains aquifer to be 
substantial (-2.5 cm/year) and attribute this loss to an overreliance on groundwater to supply irrigation needs. 
We analyzed GRACE data for 2007 to 2013 covering a location in south central New Mexico (107.8 W and 33 
N) and found a decrease in the total water stored of about 2.0 million acre feet a year over an area of 200,000 
km^2. We believe this result reflects groundwater depletion in south central New Mexico and the lower than 
average regional precipitation between 2007 and 2013.

Contact: Emile Elias, USDA Agricultural Research Service, 2995 Knox St., Las Cruces, NM 88003, 
eliseh@nmsu.edu, 575-636-3639
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The Bosque Ecosystem Monitoring Program (BEMP): Effects of River Drying
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Poster Abstract 27

The Rio Grande in central New Mexico is a highly altered desert river with a network of dams and diversions 
that alter the river’s natural flow regime. Extensive water abstraction at several locations including the Isleta 
Dam south of Albuquerque has created reaches experiencing relatively abrupt changes from perennial to 
intermittent flow patterns during summer months. This study examines the effect of these drying events 
on water table fluctuation, terrestrial arthropods and riparian vegetation. Data on arthropods, vegetation, 
and depth to groundwater were collected by both citizen and professional scientists as a part of the Bosque 
Ecosystem Monitoring Program (BEMP). BEMP is a joint effort between UNM, Bosque School, and the 
Sevilleta Long Term Ecological Research (LTER) project. According to Stromberg et al. (2005), changes in 
groundwater levels resulting from sudden water abstraction can lead to spatial and temporal variation 
in riparian vegetation community composition. Similarly, desert arthropod community structure and 
composition are also likely to be altered by the effects of river drying events (McCluney and Sabo, 2012). 
BEMP data collected along the Rio Grande riparian corridor in both perennial and intermittent river reaches 
will be used to determine if flow intermittency has affected the fluctuation of the water table, the composition 
of terrestrial arthropods and the structure of the riparian vegetation.

McCluney K.E. & Sabo J.L (2012) River drying lowers the diversity and alters the composition of an 
assemblage of desert riparian arthropods. Freshwater Biology, 57, 91-103.

Stromberg J.T., Bagstad, K.J., Leenhouts J.M., Lite S.J., & Makings E. (2005) Effects of stream flow 
intermittency on riparian vegetation of a semiarid region river (San Pedro River, Arizona). River Research  
and Applications, 21: 925-938.

Contact: Kim Fike, UNM, 1401 Casa Florida Pl. NW, Albuquerque, NM 87120, kimfike@unm.edu,  
505-301-1324
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Drought, Salinity, and Invasive Plants: A New Model for Sustainable  
Water Management
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Poster Abstract 28

The aim of this project is to address the soil water supply, a forgotten but indispensable component of 
our water budget. The soil water supply is the “hidden half” of our terrestrial water supply that directly 
influences vegetation and land use. In New Mexico and most of the southwestern U.S., prolonged drought 
may increase the salinity of our soil water supply. Further, there is an increase in the use of brackish water 
as land managers seek all possible sources of water due to drought, but need guidelines on how to use these 
waters. Our recent findings suggest that high soil water sodicity (sodium, or Na) plays an important role in 
the spread of invasive plant species in the southwestern U.S., and this should be of concern to land managers. 
Weedy and invasive plants harm the environment, reduce crop yields, and exacerbate drought conditions. 
We propose that: 1) the quality of the soil water supply can be used as a predictive tool for assessing the risk 
of our lands to invasive plant encroachment and 2) information on soil water quality improves management 
decisions for rangelands, riparian areas, grazing, crops, dairy, and the oil and gas industry. Our research will 
benefit New Mexico and the southwestern U.S. by providing new information to reveal the importance of soil 
water quality (specifically sodicity) as a predictive tool for assessing risk of our semiarid lands to invasive and 
weedy plants, and to provide management guidelines for the use of brackish water to diverse land manager-
stakeholders.

Contact: Triston Hooks, New Mexico State University, 315 Fite Dr., Las Cruces NM 88001, tnh@nmsu.edu,  
575-642-0502
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NM Statewide Water Assessment: Recharge Data Compilation  
and Recharge Area Identification

David Ketchum
New Mexico Tech, 801 Leroy Place, #3462, Socorro, NM 87801,

dketchum@nmt.edu, 802-222-7119

Poster Abstract 29

The rate and distribution of groundwater recharge to New Mexico’s aquifers is the least understood 
aspect of the state’s water budget. Despite a history of precise and distributed measurements quantifying 
surface water flow, water table elevations, precipitation amounts, as well as current models that describe 
evapotranspiration, a statewide assessment of recharge has not been completed. While recharge estimates and 
studies of recharge processes have been conducted, the effort to date has been on the basin scale, or by county 
and water planning region. With a long-term goal of estimating groundwater recharge on a statewide scale, 
this study seeks to compile existing recharge estimates throughout the state and to construct a recharge area 
map. We have compiled several recharge estimates made in New Mexico, many of which are from academic 
and government studies. Data are displayed in a format that contains the study citation, location (individual 
basins, counties, and water planning regions), recharge estimate, methodology, and other important 
information. A geographic information system (GIS) layer was created to display locations of recharge 
estimate research and water resource planning studies. The map of recharge studies shows a concentration of 
estimates in the populous central region of New Mexico and makes data gaps very apparent. As a part of the 
effort to identify recharge areas in the state, raster data from precipitation, evapotranspiration, and elevation 
models are being analyzed. Future analysis will include layers representing vegetation, surface geology, 
temperature, and soil water content, detailing where recharge is most likely to occur.

Contact: David Ketchum, New Mexico Tech, 801 Leroy Place, #3462, Socorro, NM 87801,  
dketchum@nmt.edu, 802-222-7119
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Quantifying Soil Moisture Distribution in Irrigated Croplands  
of Northern New Mexico

Alejandro Lopez
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Poster Abstract 30

Irrigation communities of Northern New Mexico have continued a wonderfully sustainable way of life 
through irrigation and agricultural practices that have remained practically unchanged for over 300 years. A 
current problem facing these communities is an increase in urbanization and population pressures. Acequia 
(irrigation ditch) systems are intended to manage the winter melt discharge used to irrigate crops. There 
are climate change models which predict less snowpack in the southwestern United States. Understanding 
the complexities and details of water use in the irrigated valleys may help in improving water management 
practices which may assist stakeholders with conserving their precious resource and ensure water availability 
and knowledge for future generations. In order to understand the possible implications of diminished water 
resources, proper quantitative hydrological data must be collected along with qualitative data seeking to 
collect and analyze the behavior of water use by stakeholders. The exact nature of the distribution, how 
and when water is being used on the land is not very well understood. Our objective will be to (1) quantify 
discharge and soil moisture distribution within irrigated croplands with a focus on grasses and show how 
each relate to one another, and (2) compare the differences between the three valleys of Rio Hondo, El Rito, 
and Alcalde, New Mexico. Each valley is presumed to encompass different water availability. Using this 
information we plan to show the distribution of water over the irrigated cropland. This information will also 
augment the exactitude of water budget calculations for each valley.

Contact: Alejandro Lopez, New Mexico State University, 809 Van Patten Ave, Las Cruces, NM 88005, 
arlopez@nmsu.edu 915-274-7906
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A Dynamic Statewide Water Budget for New Mexico
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Poster Abstract 31

Tremendous amounts of information have been gathered for decades throughout New Mexico in support of 
quantification of available water resources and the use of those resources. This information however resides 
in many places, can be disjointed, and is difficult to synthesize into a meaningful overall picture of where the 
state stands in terms of water availability and use, and what that might mean for the future. In this poster, we 
present initial steps in synthesizing historic information from New Mexico Office of the State Engineer’s (NM-
OSE) water use reports, NM-OSE-Interstate Stream Commission’s (ISC) Regional Water Plans, and the United 
States Geological Survey’s (USGS) surface water and groundwater information into a single interactive 
platform. The Dynamic Water Budget for New Mexico is being developed with support from WRRI. This 
poster includes a conceptual mass balance structure that is being used to organize water supply and use data 
associated with the state’s 33 counties and/or 16 OSE-ISC planning regions, as well as time series information 
on water use in counties and regions by given water use sectors.

Contact: Kenneth Peterson, NM Water Resources Research Institute, P.O. Box 30001,  
MSC 3167, Las Cruces, NM 88003, petersks@nmsu.edu, 575-646-1673
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Effects of Silvicultural Operations on Water Quality and Quantity  
in New Mexico Forests
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In the southwestern U.S, competition with respect to fresh water and requirements for control water resources 
are growing demands. A clear understanding of the effects of silvicultural operations on the flow of water 
quality and quantity is an important element for enhanced management. In this study, it was examined 
that how different cases of forest operations such as burning and thinning influence infiltration, runoff, and 
sediment yield in the New Mexico forest area. In northern New Mexico forest, two experimental blocks with 
four treatments were established in Ponderosa Pine, and Mixed Conifer stands on gentle and steep slopes. 
The treatments consisted of thinning and burning operations with four controls, four lop and scatter, and 
four pile and inter-space plots. Rainfall simulations were performed to investigate the impacts of thinning 
and burning practices on the volume of water flowing downstream and sediment yield. Litter was classified 
into three depths 0-3.5 cm, 3.5-7 cm and > 7 cm. 1m2 runoff plots were placed in each litter stratum treatment 
in each block and paired with the control runoff plots where there was no cutting or burning. Preliminary 
results indicated that the amount of runoff from treated plots was less than that from control plots. Control 
plots had a higher sediment yield than all treatments. Ongoing analysis will attempt to find out if there is a 
specific forest practices threshold that maximizes infiltration and minimizes sediment yield, and to discover 
differences between short and long term thinning effect on water yield.

Contact: Onur Beyazoglu, NMSU, 2450 Hagerty Rd, Apt 15, Las Cruces, NM 88001, byzoglu@nmsu.edu,  
646-223-0258
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Sediment and Soil Erosion Control Using Inland Saltgrass  
Along Drainage Canals

Ernesto Santillano
New Mexico State University
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New Mexico State University

Aldo Piñon-Villarreal
New Mexico State University

Juan Solis
New Mexico State University

Angela Perantoni
University of Maryland, College Park
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Drainage canals in southern New Mexico are often clogged by sediment and debris as a result of flood runoff 
and therefore degrade the quality of water that returns to the Rio Grande. This study investigated the use of 
inland saltgrass (distichlis spicata) along Diez Lagos drainage canal at Sunland Park New Mexico to mitigate 
excessive soil erosion. Saltgrass was planted along the canal to mitigate soil erosion in July of 2014. Trial tests 
were conducted at an established saltgrass area along the Rio Grande by Caballo, New Mexico. A portable 
rainfall simulator was used to measure sediment runoff from a dense saltgrass area and bare land at Caballo, 
and the results were compared. Results from the Caballo site show that sediment transport on bare land was 
6 times more than that of dense saltgrass (32.2 g/L versus 5.3 g/L). The soil of bare land and saltgrass was of 
type sandy loam. Saltgrass at the Diez Lagos drainage canal is not fully established to test sediment transport. 
However, observations during the 2014 monsoon flood season show encouraging results in reducing soil 
erosion along the bank of the canal.

Contact: Salim Bawazir, New Mexico State University, College of Engineering, Civil Engineering Department, 
PO Box 30001, MSC-3CE, Las Cruces, NM 88003-8001, abawazir@nmsu.edu, 575-646-6044



59th Annual New Mexico Water Conference  Poster Abstracts250

November 18-19, 2014

Cost-efficient Detection of Endocrine-Disrupting Compounds in Drinking Water
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New Mexico has recently increased its utilization of surface water through projects such as the San Juan-
Chama Drinking Water Project. This may increase concentrations of certain drinking water contaminants, 
such as endocrine-disrupting compounds (EDCs), which are known to be enriched in surface water 
sources. EDCs are a diverse group of xenobiotic chemicals which can disrupt normal hormonal function at 
concentrations as low as several parts per billion, however, to detect these concentrations it is necessary to 
employ time-consuming and expensive processes such as gas chromatography-mass spectrometry (GC-MS). 
In this project we aim to develop a more rapid and economical sensing method for EDCs using aptamers, 
sequences of DNA which are selected to bind a target. A sensitive and specific aptamer has previously been 
developed for the well-known EDC bisphenol-a (BPA) and this aptamer will be used to create a microarray 
sensor. To do this BPA aptamer will be immobilized on a surface, and the fluorescence of an attached 
fluorophore measured before and after binding of BPA at various known concentrations. Fluorescence 
should decrease upon BPA binding. In this way a calibration curve describing this decrease relative to 
concentration can be constructed and used to interpolate unknown concentrations of BPA in a sample. This 
microarray would be reusable over several to many measurements, would cost less than two or three GC-MS 
measurements, and would provide results very rapidly.

Contact: Max Baymiller, New Mexico Tech, PO Box 2357, Socorro, NM 87801, maxbaymiller@gmail.com,  
575-313-2126
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Los Alamos National Laboratory Modular Pumped Hydro Feasibility Study  
for Santa Fe Community College

Mark L. Bibeault
Los Alamos National Laboratory, PO Box 1663, MS J576, Los Alamos, NM 87545,

bibeault@lanl.gov, 505-665-1204

Poster Abstract 35

LAUR-14-27902. Recently installed renewable energy produced onsite at Santa Fe Community College (SFCC) 
through a 1.5 MW solar array will help SFCC reduce its overall electrical usage by 34% to 44% as part of 
their sustainability plan. The reduction in demand translates into a yearly savings of 174 k$ to 200 k$. Due 
to the natural variation of daily solar and demand remaining high later in the evenings, a significant peak in 
demand during on-peak hours is still present. This peak results in a hefty surcharge from the utility above a 
500 kW threshold. Los Alamos National Laboratory partnered with SFCC to perform a feasibility study that 
investigated if Modular Pumped Hydro (MPH) could eliminate or reduce this surcharge and enhance the 
learning environment. MPH has operational characteristics that make the technology very desirable to use, 
such as being at least 70% efficient, able to start without grid voltage, reach full power in under a minute, 
swing from full power production to full energy storage in under 15 minutes, operate at partial load, integrate 
with existing water systems, and both produce and store energy at the same time. MPH is a sustainable 
technology that produces no emissions or solid waste, utilizes lined and covered artificial reservoirs’ resulting 
in zero net water consumption, and utilizes a variety of brackish or fresh water conditions. The feasibility 
study concluded that a 3.1 MWh rated MPH system would be a viable sustainable option, including 
educational opportunities, resulting in approximately 100 k$/yr savings.

Contact: Mark L. Bibeault, Los Alamos National Laboratory, MS J576, PO Box 1663, Los Alamos,  
NM 87545, bibeault@lanl.gov, 505-665-1204
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Fire Ash Influences on Aquatic Primary Producers Through Changes  
in Water Quality
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University of New Mexico, MSC03 2020, Department of Biology, Albuquerque, NM 87131, 

 bbixby@unm.edu, 505-277-8158
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Fire is an important ecological factor in many terrestrial ecosystems, resetting the growth of the ecosystem 
to an early successional stage. The ash that is produced is often processed within the ecosystem, however 
with an increase in fire severity and return rates due to decreased precipitation, the ash may be transported 
into waterways. Few studies have been done on the impacts of fire ash on water quality and even fewer on 
the impacts of primary producers. Algal communities are an important basis for regulation of water quality 
and decreases in primary production can cascade in the food web and may cause changes in ecosystem 
function. The objective of my study is to examine the growth rates of algae that have been grown in fire ash 
leachate. The study will focus on pH changes caused by fire ash leachate which are expected to occur when 
the amount of ash entering a waterway exceeds the ability of the natural fauna to stabilize the ecosystem. I 
will be examining various taxa of diatoms, which are often the most prevalent and diverse type of algae in 
waterways, for their resilience to ash bound molecules. My expected results are that based on key differences 
in taxa such as internal nitrogen fixation or carbon skeleton stalks, the diatoms will each react differently to 
the fire ash leachate than the culture that they were initially grown in.

Contact: Alexander Clark, University of New Mexico, 1830 Vassar Dr. NE, Albuquerque, NM 87131, 
aclark04@unm.edu, 505-264-3466
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Evaluating the Impacts of Particulate Matter Deposition on Snow Melt Processes 
in the Upper Rio Grande

Angela Gregory
UNM, Department of Civil Engineering, MSC01 1070, 1 University Dr., Albuquerque, NM 87131,

agregory@unm.edu, 575-644-5808

Mark Stone
UNM, Department of Civil Engineering, MSC01 1070, 1 University Dr., Albuquerque, NM 87131,
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In the Rio Grande Valley, municipalities and farmers rely heavily on water from snowmelt that is captured in 
dams and released at later times for consumption. Yet, little data is available regarding snowmelt processes 
for mid-latitude sites, especially south of Colorado. One aspect of snow energy balance that requires 
further inspection in the Rio Grande Basin, due to its arid nature, is the deposition of particulate matter on 
snowpack related to albedo decay. The deposition of particulate matter on snowpack is known to decrease 
the time to melt by increasing absorption of electromagnetic radiation and can lead to significant deviations 
from theoretical albedo decay, commonly used in snowmelt models. The purpose of this research is to 
understand how particulate matter deposition on snowpack effects snow energy balance and time to melt. 
Shortwave radiation will be measured with a net radiometer and biweekly measurements of shortwave and 
near infrared electromagnetic radiation with a spectrometer during the 2014/2015 winter. The data collected 
will be used to calculate theoretical and actual albedo decay, with each being used as a parameter to model 
snowmelt. Dust-on-snow events are likely to occur more frequently with climate change and have the 
potential to significantly impact time to melt and water budget.

Contact: Angela Gregory, UNM, Department of Civil Engineering, MSC01 1070, 1 University Dr., 
Albuquerque, NM 87131, agregory@unm.edu, 575-644-5808
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A Comparison of Precipitation Models for a Statewide Water Assessment  
of New Mexico
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Poster Abstract 38

Precipitation is the largest component of the water balance in New Mexico as well as being the primary driver 
of many important hydrologic processes such as groundwater recharge. Although much of the state is arid 
and receives less than 10 inches of rainfall annually, some areas in higher elevations receive over 20 inches. 
Currently, estimates of precipitation are based solely on limited and irregularly spaced gauges. Although they 
can be accurate, it is not practical to monitor a continuous network of thousands of gauges across the state. 
Therefore, a need to better assess the quantity and distribution of precipitation in the state exists. The NM 
Water Resources Research Institute is currently funding a statewide water assessment in cooperation with 
water managers and educational institutions around the state. The goal is to better quantify and understand 
the variation of our most precious resource both spatially and temporally. As part of this, four precipitation 
models including: PRISM (Oregon State University), CHIRPS (University of California Santa Barbara), 
AHPS (National Oceanic and Atmospheric Association/National Weather Service), and TRMM (National 
Aeronautics and Space Administration) will be compared against independent rain-gauge networks. The 
objective of this study is to provide a more comprehensive estimate of precipitation, in a spatially continuous 
statewide format, at a monthly and yearly temporal resolution. This will allow hydrologists and modelers to 
better assess the resources we have,and to further the hydrologic and allied sciences in the Southwest.

Contact: Ian Hewitt, New Mexico State University, NM Water Resources Research Institute, PO BOX 30001, 
MSC 3167, Las Cruces, New Mexico 88003, enhewitt@nmsu.edu, 575-636-7307
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Chlorine Tolerant Perfluorinated Reverse Osmosis (RO) Membranes 
 by Solution Processing

Kwan-Soo Lee
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kslee@lanl.gov, 505-667-3060

Yu Seung Kim
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yskim@lanl.gov, 505-667-5782

Poster Abstract 39

Membrane-based water purification technology such as reverse osmosis (RO) or nanofilitration (NF) has been 
recognized as energy-efficient, cost-effective, and environmentally friendly approaches for producing clean 
water. Polyamide (PA)-based RO membranes are currently widely used in the desalination market and water 
treatments for municipal and industrial water and waste waters due to their high water flux and salt rejection. 
However, PA membranes suffer from poor chlorine resistance when the membranes need the continual 
exposure to disinfection process. Such vulnerability of PA membranes would lead to the deformation in the 
polymer chain or cleavage of the amide linkages, which results in irreversible performance loss. Thus, the 
additional dechlorination step is required to prevent chemical degradation of the membrane which leads to 
the increase of processing cost.

In this work, a highly chlorine-tolerant perfluorinated polymer thin film composite (TFC) membranes is 
developed for RO applications. The composite membranes were composed of an active thin-film layer of 
perfluorinated polymer and a supporting layer of commercially available ultrafiltration (UF) substrate. For 
the selective active layer of TFC, we have developed dispersion technique for perfluorinated polymers that 
enables to fabricate solution processible, mechanically tough, good adhesive and ultra-thin perfluorinated 
membranes. Moreover, the dispersion technique can make the traditional RO membrane manufacturing 
process even simpler with total process cost reduction of the membrane-based water purification systems.

Contact: Kwan-Soo Lee, Los Alamos National Laboratory, P.O. Box 1663, Mailstop D429, Los Alamos,  
NM 87545, kslee@lanl.gov, 505-667-3060
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Water Quality Data Submittals - NMED Call for Data
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New Mexico Environment Department, Surface Water Quality Bureau
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Poster Abstract 40

The New Mexico Environment Department, Surface Water Quality Bureau (SWQB) defines water quality 
standards, monitors nearly all surface waters in the state, determines attainment of standards for those 
waters, and writes permits and restoration plans to preserve water quality. The monitoring staff are 
responsible for collecting water quality data across the entire state of New Mexico and employ an 8-year 
rotating basin strategy that focuses on intensive sampling within a given watershed each year.

To augment the state’s water quality collection efforts, the SWQB collaborates with outside groups whenever 
possible, offering training, supplies, and support. SWQB has a formal process to collect and submit data, and 
requires that groups wishing to submit data have a SWQB-approved Quality Assurance Project Plan before 
monitoring to ensure operating procedures and quality assurance protocols are compatible and the data can 
be used by the SWQB.

For groups that would like to establish or augment a monitoring program, SWQB is currently exploring ways 
to provide support through guidance and training, equipment purchase and loaning, and assistance with 
chemical analysis. SWQB has also created a quality assurance and quality control documentation template to 
assist with program development and ensure compatibility with SWQB data criteria.

More information about the data submittal process and collaborating with SWQB is found on the SWQB 
website: http://www.nmenv.state.nm.us/swqb/DataSubmittals/

Contact: Scott Murray, New Mexico Environment Department, Surface Water Quality Bureau , 
1190 South St Francis Dr, Santa Fe, NM 87505, scott.murray@state.nm.us, 505-827-2621
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Assessment of Water Table and Water Quality Variations with Respect to River 
Flow Along Rio Grande River
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Poster Abstract 41

This study examines water quality variations and water table depths along the Rio Grande River between 
Garfield NM and Fabens TX. Approximately 58 observation wells located in Garfield, Hatch, Las Cruces, 
Anthony in NM and down to Fabens, TX are being sampled on a near monthly basis. Water samples are 
analyzed for concentrations of selected dissolved solids (magnesium, sodium, calcium and potassium) as well 
as electrical conductivity and sodicity. Also, river water from Garfield NM and Fabens TX are being sampled 
for similar analysis. A model will be developed to describe the influence of the river on the water aquifers; 
and develop a water budget to identify the influence of surface and groundwater interaction on water quality

.Data collected in May through August 2014 indicate a decline in well water levels and an increase in water 
salinity across portions of the study area. We will provide an extensive dataset that will help to determine 
if claims by water users on well water levels and water quality are correct and also provide data that can be 
used for planning and decision making

.

Contact: Benjamin Nana O. Kuffour, NMSU, Dept of PES, PO Box 30003, MSC 3Q, Las Cruces,  
NM 88003, benbiok@nmsu.edu, 575-646-3405
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Use of a Geoengineering Technique to Re-vegetate Riparian Areas 
 of the Desert Southwest
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Poster Abstract 42

Rehabilitation of saltcedar-managed riparian areas in the Southwestern United States has had limited success 
due to the lack of soil moisture, timing of precipitation, and inaccessibility to groundwater. A field pilot-scale 
experiment was conducted at Las Palomas, NM along the Rio Grande River using a geoengineering material 
to re-vegetate a riparian area previously cleared of invasive riparian saltcedar (Tamarix spp.). A methodology 
using a geoengineering technique was used to raise water from the shallow groundwater table, by capillary 
action, to the root system of the plants. Two types of grasses [Sporobolus wrightii (giant sacaton), Distichlis 
spicata (saltgrass)] and two shrubs [Baccharis emoryi (Emory’s baccharis), Attriplex canescens (fourwing 
saltbush)] were used in the experiment. Treatments of 8 individual plants were transplanted in two 20 m x 
20 m plots in either geoengineering media or native riparian soil (4 species x 2 substrates x 8 specimens in 
each plot). Survival rates, depth to groundwater, and soil moisture were monitored during 2012 and 2013. 
Depth to groundwater at the site fluctuated between 1.9 m to 3.3 m. Of the four species, saltbush had the 
highest survival rates ranging from 80 to 100%, for both substrates and plots. Emory’s baccharis specimens 
had significantly higher survival rates in the geoengineering media than those in the native soil for both 
years in the plot where groundwater was shallower (1.9 m–2.8 m). Results for giant sacaton and saltgrass 
were inconclusive due to the decline of groundwater which caused a disconnection between geoengineering 
material and underlying water table

.

Contact: Aldo R. Pinon-Villarreal, New Mexico State University, Dept. of Civil Engineering, MSC 3CE,  
PO Box 30001, Las Cruces, NM 88003-0083, aldopino@nmsu.edu, 575-635-3914



59th Annual New Mexico Water Conference Poster Abstracts

59th Annual NM Water Conf., New Mexico’s Water Future: Connecting Stakeholder Needs to Water Information

259

Addressing Groundwater Level Changes in New Mexico
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Changes in groundwater levels can reflect very relevant water issues in the arid southwest, such as variations 
in nearby surface water, fluctuations in recharge, and changes in groundwater storage. As collaborators from 
NM Bureau of Geology and Mineral Resources/NM Tech, U.S. Geological Survey, NM Office of the State 
Engineer and NM State University, we seek to address the groundwater storage change component of the 
Statewide Water Assessment initiated and funded by the NM Water Resources Research Institute.

Our objective is to quantify changes in groundwater levels and groundwater storage in regions of New 
Mexico. We are currently compiling high quality groundwater-level data into an ArcGIS-database. We will 
then use these data to develop regional groundwater-level change contour maps over selected time intervals. 
The intervals of assessment are based on the frequency of the measurements for the particular region, such 
as 5 to 10 year intervals. Finally, we will use the contour maps and estimates of aquifer properties to quantify 
regional changes in groundwater storage.

We are in the data compilation phase of this project. The interpretation of groundwater-level measurements 
is complicated by the irregular spatial and temporal distribution of the data and New Mexico’s complex 
geology. In some regions, our study highlights data gaps where future work is needed. Documenting changes 
in groundwater levels can identify areas where water-quality changes may be imminent, may help initiate 
additional water conservation efforts, and provides the State with a useful tool for groundwater quantity and 
quality management.

Contact: Stacy Timmons, NM Bureau of Geology & Mineral Resources, NM Tech, 801 Leroy Place, Socorro, 
NM 87801, stacy@nmbg.nmt.edu, 575-835-6951
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Comparison of Precipitation and Evapotranspiration Products  
for NM Statewide Water Assessment
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Precipitation and evapotranspiration (ET) are the major components of the water balance in New Mexico. 
Therefore, it is critical to acquire accurate precipitation and ET data as input into a statewide water balance. 
Meteorological stations collect precipitation and ET data, however uneven distribution of existing stations 
in New Mexico leave many areas without accurate information. We intend to evaluate the performance of 
remotely sensed and interpolated models that predict and quantify the spatial and temporal distributions of 
precipitation and ET. We will compare five precipitation products and three ET products, from a variety of 
agencies and methods, against one another to determine the model that performs better than the others for 
each component. Early results show a strong relationship between all precipitation products across the state 
of New Mexico from 2000 to 2013 with an average mean of 314 mm, except for the PERSIANN model which 
has a rainfall mean approximately 114% higher (673 mm) than the average of the other models. Additionally 
there is a strong relationship between the ALEXI and SSEB ET models, yet the average mean of these models 
(485 mm) exceeds the precipitation models average by approximately 54%. The MOD16 ET model has an 
average mean value (181 mm) approximately 74% less than the average of the precipitation models and 
168% less than the average mean of the ALEXI and SSEB ET models. Future work involves the validation and 
quality control of the chosen precipitation and ET models.

Contact: Steve Walker, NM Water Resources Research Institute, P.O. Box 30001, MSC 3167,  
Las Cruces, NM 88003, salto@nmsu.edu, 575-646-5026
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The Effect of Soil Moisture, Runoff and Infiltration on Understory Density 
in a Pinyon-Juniper Woodland

Yasser Almalki
NMSU, Department of Animal and Range Sciences,

P.O. Box 30003, MSC 3-I, Las Cruces, NM 88003-8003,
yalmalki@nmsu.edu, 520-425-9670
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It is hypothesized that an increase in grass cover in pinyon-juniper woodland areas may increase infiltration 
of water into the soil; reduce soil erosion and surface runoff. The study will be conducted near Santa Fe, 
New Mexico and will consist of six small watersheds in which data will be collected to obtain a hydrological 
evaluation of the area. Remote hydrological sensor instrumentation will be implemented in the six 
watersheds. The sensors will be used to gather runoff information, moisture in the soil and rainfall in order 
to understand understory responses to these variables. Half of the watersheds are thinned the other half are 
not, making them a treatment and control, respectively. Time domain reflectometry probes will be used to 
measure the amount of moisture found within each watershed. Precipitation data will also be collected using 
a rain gauge located within four of the six watersheds. The objectives of the project will be (1) to determine 
the rate of infiltration that is postulated to increase grass cover and reduce soil erosion as well as amount of 
runoff, and (2) to compare the control and treatment watersheds. The importance of the project will be to find 
the effect of density of pinyon-juniper trees on soil moisture, infiltration, and runoff.

Contact: Yasser Almalki, NMSU, Department of Animal and Range Sciences, PO Box 30003, MSC 3-I,  
Las Cruces, NM 88003-8003, yalmalki@nmsu.edu, 520-425-9670
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Watershed Condition Framework and Interactive Map
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USDA Forest Service, 333 Broadway Blvd. SW, Albuquerque, NM 87102,

lavonnafbegay@fs.fed.us, 505-842-3312
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USDA Forest Service - Southwest Regional Office, 333 Broadway Blvd. SW, Albuquerque, NM 87102,

rjemison@fs.fed.us, 505-842-3255
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The Watershed Condition Framework (WFC) was developed in 2011 by the USDA Forest Service as a 
consistent, comparable, and credible process for proactively implementing restoration efforts on priority 
watersheds on national forests and grasslands. The WFC uses a six-step approach to improve the health of 
Sixth-level HUC watersheds: Classify, Prioritize, Develop, Implement, Track, and Verify. Priority watersheds 
are classified and ranked as Class 1 Functioning Properly, Class 2 Functioning at Risk, or Class 3 Impaired 
Function. The Watershed Restoration Action Plan (WRAP) is developed to identify comprehensive projects 
that would improve watershed conditions. After implementation and completion of all projects in the WRAP, 
the priority watershed can then be reclassified to an improved state. The accomplishments are tracked for 
performance accountability and verification through field monitoring of the watershed and stream conditions. 
Recently in 2014, the Upper Spring Valley Wash on the Kaibab National Forest in Arizona completed all seven 
essential projects planned in the WRAP, and transitioned from a Class 3 to a Class 2 Priority Watershed. The 
Interactive Map online allows users to view the priority watersheds, read why the watershed was selected, 
download the WRAP and understand other important planning items. This interactive mapping capability 
provides current and future partners with important information on potential needs for watershed restoration 
and will also increase the public’s awareness of their local watershed conditions and the role they can play in 
improving them.

Contact: Lavonna Begay, USDA Forest Service - Southwest Regional Office, 333 Broadway Blvd. SW, 
Albuquerque, NM 87102, lavonnafbegay@fs.fed.us, 505-842-3312
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Test of the New LAS MkII Scintillometer for Validation of Statewide  
New Mexico ET Maps

Reid Brown
New Mexico Tech, 705 Franklin St., Socorro, NM 87801, 

rbrown00@nmt.edu, 706-614-6317

Jan M.H. Hendrickx
New Mexico Tech, MSEC 240, New Mexico Tech, 801 Leroy Pl., Socorro, NM 87801,

hendrick@mt.edu

Dan Cadol
New Mexico Tech, MSEC 246, New Mexico Tech, 801 Leroy Pl., Socorro, NM 87801,
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New Mexico WRRI is in the process of improving the quality and temporal resolution of the water quantity 
and availability data that are needed by water resource managers. Evapotranspiration (ET) is an important 
component of this water budget, but estimating ET at the km-scale using traditional methods is difficult as 
well as costly. We propose the use of scintillometry to measure sensible heat flux (H), which can be combined 
with radiation meters or remote sensing measurements of net radiation (Rn) to calculate latent heat flux as 
LE=Rn-H, assuming the daily ground heat flux is zero. Kleissl et al. (2008) found significant inter-instrument 
bias, 5% to 20%, in measurements of H with the first generation Kipp & Zonen Large Aperture Scintillometers 
(LAS). Kipp & Zonen have since developed a retrofit for the first generation LAS that greatly reduces inter-
instrument bias (1-3%). But we must first confirm that the bias is indeed reduced in conditions typical of 
New Mexico before wide scale implementation. H measured with a retrofitted first generation scintillometer 
over a 500m homogeneous desert transect in the Sevilleta National Wildlife Refuge will be compared with 
H measured with an Eddy Covariance station in the center of the transect. Based on promising results from 
testing in the Netherlands and UK, we expect to observe reduced instrument bias. Once validated for use in 
New Mexico our research group will be able to redeploy the New Mexico scintillometer network to assist 
ongoing efforts to validate operational ET products for the Statewide Water Assessment.

Contact: Reid Brown, New Mexico Tech, 705 Franklin St., Socorro, NM 87801, rbrown00@nmt.edu, 
706-614-6317
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The Detection of Antibiotic Resistant Bacteria (ARB) in the Gallinas River

Laurel Carr
 New Mexico Highlands University, 1108 7th Street A, Las Vegas, NM 87701,

lcarr2@live.nmhu.edu, 808-629-9209

Poster Abstract 48

Five sites will be sampled along the Gallinas River: Site 1 above the Santa Fe National Forest boundary 
(no human influence); Site 2 downstream before the City of Las Vegas (agricultural influence above); Site 
3 water from water treatment plant (WTP); Site 4 above the waste water treatment plant (WWTP); and Site 
5 downstream from the WWTP (reentrance into the Gallinas River). Samples will be taken seasonally (fall 
2014-fall 2015). Standard methods will be utilized for culture of water for Escherichia coli (E. coli). Pure 
cultures will be verified on Eosin-Methylene Blue (EMB) plates. Growth characteristics of E. coli via EMB 
plate method provides a highly probable identification of E. coli. A combination of the following tests will 
be utilized to confirm E. coli isolates (>98-99% accuracy): Triple Sugar Iron agar test (TSI), Citrate Utilization, 
and/or via the Indole test. Upon preservation of E. coli isolates, antibiotic resistance of twelve (12) commonly 
prescribed human and animal antibiotics will be tested using the Kirby-Bauer method. I anticipate the 
presence of antibiotic resistant E. coli isolates will be greater in number the further downstream the Gallinas 
River (human influence) in addition to the number of multi-drug resistant E. coli.

Contact: Laurel Carr, New Mexico Highlands University, 1108 7th Street A, Las Vegas, NM 87701,  
lcarr2@live.nmhu.edu, 808-629-9209
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Enhanced Photocatalytic Water Treatment Using Immobilized 
Nanocomposite Thin Films

Lu Lin
New Mexico State University, 2037 Corn Dr., Las Cruces, NM 88001,

lulin@nmsu.edu, 575-621-9328

Huiyao Wang
New Mexico State University

Hongmei Luo
New Mexico State University

Pei Xu
New Mexico State University
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An innovative photoreactor was designed, characterized and investigated for degradation of organic 
contaminants in water. Polymer assisted hydrothermal deposition method was employed to coat TiO2 and 
dope metals to TiO2 thin films on optical fibers as a means of light transmission medium and photocatalysts 
support. The photocatalyst films were characterized using scanning electron microscope, energy-dispersive 
X-ray spectroscopy, and X-ray diffraction. The photocatalytic activities of the photocatalysts were studied 
by the degradation of Rhodamine B, a dye of which the concentration can be quickly quantified by a 
spectrophotometer.

Experimental results showed that doping metals in TiO2 thin films expanded the light utilization efficiency 
from UV to broad visible light spectrum, significantly increasing the photocatalytic efficiency. The coupled 
adsorption and photocatalytic degradation of Rhodamine B follows the Langmuir-Hinshelwood kinetic 
model. To investigate the long-term sustainability of the synthesized photocatalysts for water treatment, the 
method for reactivation of the used catalysts was studied.

The work supports the future study of investigating the removal of environmental contaminants from 
impaired waters such as contaminated surface water, groundwater and reclaimed water using solar energy. 
This type of photoreactor will be suitable for arid and semi-arid regions because of abundant solar resources, 
ease of operation, and minimized water loss in a closed treatment system.

Contact: Lu Lin, New Mexico State University, 2037 Corn Dr., Las Cruces, NM 88001, lulin@nmsu.edu, 
 575-621-9328
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Climate Change Adaptation Plan for the Santa Fe Water Supply

Dagmar Llewellyn
U. S. Bureau of Reclamation, 555 Broadway Blvd. NE, Suite 100, Albuquerque, NM 87102,

dllewellyn@usbr.gov, 505-462-3594

William Schneider
City of Santa Fe, Water Resources & Conservation, Sangre de Cristo Water Division,

801 W. San Mateo Rd., City of Santa Fe, NM 87504,
whschneider@ci.santa-fe.nm.us, 505-955-4203

Claudia Borchert
Santa Fe County Public Utilities, 424 NM Hwy. 599 Frontage Road, Santa Fe, NM 87504,

cborchert@co.santa-fe.nm.us, 505-992-9872

Lauren Starosta
CDM Smith, 6000 Uptown Blvd. NE, Suite 200, Albuquerque, NM 87110,

StarostaLE@cdmsmith.com, 505-353-3708

Andrew Erdmann
City of Santa Fe, Water Resources & Conservation, Sangre de Cristo Water Division, 

801 W. San Mateo Rd. City of Santa Fe, NM 87504,
paerdmann@ci.santa-fe.nm.us

Poster Abstract 50

The City and County of Santa Fe have partnered with the Bureau of Reclamation on a Basin Study for the 
Santa Fe Watershed, and other components of the water supply for the city and county. The study partners 
evaluated the impact of climate change on water supply and demand, and worked to develop adaptation 
strategies. The Preliminary Assessment, completed in 2012, summarized impacts in the watershed on forest 
health, fish and wildlife, food security, land use, transportation, and other factors, and presented strategies 
to minimize impacts compiled at a public forum. The impacts on the city and county’s municipal water 
supply portfolio was evaluated in more detail, using climate projections developed by Reclamation, the water 
operations model URGSiM, and the city’s Water Management and Planning Simulation (WaterMAPS) model, 
which simulates surface and groundwater supplies, water demand, water rights, system capacities, and 
water storage contracts. The Santa Fe water supply portfolio includes both surface water and groundwater 
sources. The surface water supply in the area is highly variable and the groundwater is mined from aquifers 
that are slow to recharge. The population continues to grow and the needs of the community continue to 
expand. A suite of potential development and water management scenarios were simulated, and used to 
generate probabilistic outputs to support planning for a more resilient, sustainable, and innovative water 
supply system. This Basin Study is the latest in a series of efforts to understand and strengthen water supply 
management in the Santa Fe area.

Contact: Dagmar Llewellyn, U. S. Bureau of Reclamation, 555 Broadway Blvd. NE, Suite 100, Albuquerque, 
NM 87102, dllewellyn@usbr.gov, 505-462-3594
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Treatment and Beneficial Use of Produced Water

Guanyu Ma
NMSU, 1435 E Mesa Ave, Las Cruces, NM 88001,

gyma@nmsu.edu, 575-621-5688

Pei Xu
NMSU, Department of Civil Engineering, Las Cruces, NM 88003,

pxu@nmsu.edu, 575-646-5870
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Produced water management is a major challenge to oil and natural gas exploration and production, in 
particular for unconventional development. Rapid development of oil and gas production, regulations, water 
scarcity, concerns of environmental impacts, and limited disposal options are driving producers to consider, 
plan and change their current hydraulic fracturing and produced water management methods. Development 
of beneficial use of produced water has become a new trend for sustainable oil and gas production. Treatment 
and beneficial use of flowback and produced water can minimize environmental impacts, reduce demands on 
local water supplies, increase economics, and meet regulatory requirements.

New Mexico is experiencing rapid development of unconventional oil and gas, especially in Permian Basin, 
where oil is the major product and horizontal drilling is adopted widely. Water use in oil and gas industry 
in New Mexico is about 0.059% of total water use in the state. New Mexico State regulated produced water 
as hazardous waste, which allows only onsite water reuse and deep well is the primary disposal method. 
However, produced water beneficial use potential is expected high due to water shortage and environmental 
concerns. The presentation discusses the factors affecting the feasibility of beneficial reuse including water 
quality and quantity, appropriate treatment technologies, economics, disposal options and capacities, 
environmental impact, and regulations.

Contact: Guanyu Ma, New Mexico State University, 1435 E Mesa Ave, Las Cruces, NM 88001,  
gyma@nmsu.edu, 575-621-5688
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Effects of Turbidity on Group Cohesion in Sand Shiners and Red Shiners 
from the Pecos River in New Mexico

Sabrina Michael
ENMU, 1500 S. Avenue K, ENMU 3095, Portales, NM 88130,

sabrina.michael@enm.edu, 575-640-8775

Poster Abstract 52

Turbidity varies considerably in the waters of New Mexico. Generally, turbidity levels will be high in 
eutrophic (nutrient overloaded) waters. In lotic environments, turbidity levels also tend to increase during 
strong rains by stirring up suspended materials. Although turbidity is known to influence feeding and 
growth in fishes, little is known about behavioral changes and group cohesion in fishes in turbid waters. I 
hypothesize that turbidity will increase both intraspecific and interspecific group cohesion in fishes from the 
Pecos River, NM. A “test arena” will be constructed using a two m circular tank. Replicable turbidity will be 
created by placing bentonite clay per L water; and the water depth in the tank will be kept to 1 – 1.5 cm so 
that fishes may be seen from above. Fishes will also be injected with a sub-dermal spot of brightly-colored, 
non-toxic latex paint on the dorsal surface of the caudal peduncle to facilitate observation. After acclimation, 
photographic samples will be collected in five-minute observation periods, and the distance between fishes 
will be collected and recorded. I expect to see a significant decrease in the inter-fish (for intraspecific and 
interspecific groups) distance as turbidity increases. I expect that adding predator pheromones will decrease 
inter-fish distances even more. The significance of this study is that it will allow us to understand the 
influence turbidity has on group dynamics in two species of fishes commonly found in the Pecos River, NM. 
Basic knowledge of fish behavior will be gained through the testing of my study.

Contact: Sabrina Michael, ENMU, 1500 S. Avenue K, ENMU 3095, Portales, NM 88130,  
sabrina.michael@enm.edu, 575-640-8775



59th Annual New Mexico Water Conference Poster Abstracts

59th Annual NM Water Conf., New Mexico’s Water Future: Connecting Stakeholder Needs to Water Information

269

Energy-Positive Produced Water Treatment Using a Microbial Capacitive 
Desalination Cell
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Casey Forrestal
University of Colorado Boulder, Boulder, CO 80309,

casey.forrestal@colorado.edu

Zhiyong Jason Ren
University of Colorado Boulder, Boulder, CO 80309,
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The rapid development of unconventional oil and gas production has generated large amounts of wastewater 
for disposal, raising significant environmental and public health concerns. The United States Department 
of Energy estimates that 3.3 billion m3 of produced water are generated per year, a number that is expected 
to rise with the global energy demand. Treatment and beneficial use of produced water have been hindered 
by the intensive energy consumption and capital costs. To address the energy and water issues, a microbial 
capacitive desalination cell (MCDC) - an innovative bioelectrochemical system integrated with capacitive 
deionization - was developed and the feasibility of the system in treating real produced water was 
investigated.

Produced water is mainly sodium chloride with a total dissolved solids concentration of 15,870 ± 290 mg/L 
and the chemical oxygen demand concentration ranging from 800 to 1100 mg/L. Sorption and biodegradation 
resulted in a combined organic removal rate of 6.4 mg DOC per hour in the reactor, and the MCDC removed 
65% salt (36 mg salt per gram of carbon electrode) from produced water. Over each desalination cycle, 
the energy harvested from the regeneration of the carbon electrode yielded 36 mJ/m2 of electricity. These 
results demonstrate the MCDC’s ability to consistently remove salt and organics from produced water over 
consecutive runs while maintaining a stable electrical production. Compared to conventional wastewater 
treatment technologies that consume significant amount of energy, the MCDC is an attractive option for 
organic degradation and desalination of highly contaminated produced water without external energy input.

Contact: Zachary Stoll, NMSU, Las Cruces, NM 88005, zstoll@nmsu.edu, 585-746-4512
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Real Time Monitoring of Flood Control Dams for Emergency Action Management
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Many dams across the United States and in New Mexico are consider to be deficiently designed and built for 
their current hazard classification, and are not in satisfactory conditions. Engineers are faced with the task 
of addressing and resolving these deficiencies while also facing major infrastructure funding gaps. Since the 
dams are known to be inadequate, monitoring their status during potential flood events is critical for alerting 
downstream residents, thereby limiting the potential consequences of major outflow or failure. For this 
project, we will be exploring safety instrumentation with two case studies in southern New Mexico’s Mesilla 
Valley. They are Broad Canyon Dam north of Las Cruces and Apache-Brazito-Mesquite Dam 1 (ABM 1) to the 
south of Las Cruces.

The objective of this research project is to identify, classify, and analyze the case study dams based on 
capacity, storage, and inflow. Data will be collected via remote sensors (piezometers) that will be positioned 
at various elevations of the dams. Data will be transmitted in real time to Elephant Butte Irrigation District 
(EBID) headquarters using their existing radio telemetry system. This data would be used to determine the 
volume in storage, rate of rise of the water in the dam as well as normal and auxiliary spillway flow rates. 
Using this data, an effective early warning alarm system will trigger emergency plan execution for emergency 
flood management downstream of the dams. The data type, alarm criteria, and instrumentation used on these 
two dams could then be generalized and used as a guide for the monitoring of other dams in the state of New 
Mexico and the United States.

Contact: Dr. J. Phillip King, P.E., MSC 3CE, New Mexico State University, PO Box 30001, Las Cruces, 
NM 88003-0083, jpking@nmsu.edu, 575-646-5377; Reynold Durden, PO Box 4096, Las Cruces, NM 88003,  
reyd78@nmsu.edu, 307-299-7003
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