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concerned with the bosque, there is about one
for every tree. I am talking about federal agen-
cies of which the three primary ones are the
U.S. Army-Corps of Engineers, the U.S. Bureau
of Reclamation and the U.S. Fish and Wildlife
Service. A whole group of state agencies from
the soil and water conservation districts through
the state park system are involved. The State
Engineer certainly has something to say about
the Rio Grande. Large numbers of municipalities
of all sizes have something to say about the bos-
que and the Rio Grande, particularly the bosque
where it goes through their areas of jurisdiction
between Cochiti Dam and Elephant Butte, the
area in which we were interested. Six pueblos
have absolute jurisdiction over the bosque on
their reservations.

It became obvious as soon as we began that
we had to deal with the “geopolitik” of water. It
was obvious to us that the engineers may work
and plan and the scientists may theorize, but in
the end the decisions would probably be polit-
ical. Therefore we had to seek a political solu-
tion.

So we sat down and began first to gather
information. We realized that we had to have our
resolution ready for the 1995 legislative session
and that meant that we had to have it in the mail
in October for committee deliberation before the
legislative session. We started on the first of
February and thus we had about 8 or 9 months
to do our job. We received very helpful infor-
mation from the three primary federal agencies I
have mentioned and from several state agencies.
They came to our meetings in Albuquerque and
made very useful presentations.

But, it became more and more obvious that
there was no direct and simple solution to the
problem of the Rio Grande and its interaction
with the bosque. The bosque north of Albu-
querque suffers from the cottonwoods going
primarily to Russian olive and south of Albu-
querque, the cottonwoods are being replaced by
salt cedar.

The bosque faced three major problems.
One was all the agencies that had jurisdiction
over it. Each was deeply concerned that we
would come up with a recommendation that
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would somehow or another not infringe on their
jurisdiction and therefore have budgetary impli-
cations.

Another one was the fact that every group
using the bosque had the absolute and simple
solution. These groups ranged from the motor-
cycle clubs, the archery clubs, the rifle and tar-
get shooters, the bicycle clubs, the hikers, the
campers and the homeless, all of whom wanted
total access to the bosque for their use. Opposing
them were the conservation groups which ranged
from “let’s have some kind of a balanced use of
the bosque” to “put a chain link fence all the
way around the bosque and don’t let anything in
or out.”

The third group, of course, were the pri-
vate landowners in and along the bosque who
wanted nothing we said to affect the value of
their land by circumscribing its use.

Faced with these three formidable groups,
the task force did what any reputable task force
would do, it sought compromise. It did that by
creating a coordinating council. We held five
public meetings, three before the “final” draft of
our resolution to the legislature and two after-
ward. We held meetings in Alameda, Socorro,
Valencia County, and at Isleta Pueblo. There
was a recurrent theme at these meetings which
was “keep all of the government agencies out
and let the private landowners be unaffected.”
This feeling was very, very strong.

Under the aegis of the U.S. Fish and Wild-
life Service, a biological management report of
the bosque had been previously prepared.
Professor Clifford Crawford of the University of
New Mexico’s Biology Department headed the
report team. It came up with about 28 recom-
mendations to be looked at as a means of saving
the bosque. It was an excellent report written by
highly skilled scientists who did a dedicated job
and essentially laid out the solution. But like any
such scientific report, it left out the politics of
how you implement it. That was our job.

We decided to establish a small council to
coordinate the work on the bosque with some
state authority behind it. When we were done,
the council had 34 members and at least another
dozen persons were complaining because they
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were not on the council. All agencies on the
council are governmental units. That is, they are
federal agencies such as those I just enumerated,
along with county government, city government,
on down to the smallest village. The six pueb-
los, because they informed us that no one pueblo
spoke for any other pueblo, were all on the
council as were the soil and water conservation
districts. Everybody who had anything to do
with the bosque between Cochiti Dam and Ele-
phant Butte was on the council. Several groups
with out-of-state jurisdiction were not put on the
council. The reason they weren’t is that we are
going to ask for money from the New Mexico
State Legislature and we felt that the organ-
izations that could vote should be totally New
Mexico organizations or the legislature would
complain about New Mexico money being spent
by a vote from someone from out of state, for
example, the Texas Water Commission.

This council would coordinate the efforts to
manage the bosque. It would have two major re-
sponsibilities. One, it would be a place where
John or Jane Q. frustrated citizen could go and
address every single organization that had some-
thing to do with the bosque. Why? Because at
every public meeting we held, people stood up
and said, “I had such and such a problem so I
called this agency and they said, “That’s not in
our jurisdiction. Try that agency,” and I went
around and around and came back to the agency
that I started with.” The frustration of these citi-
zens led to their feeling that a massive group is
trying to run the bosque. So we said, “Good.
We’ll line all of these targets up in one spot and
you can go to that one meeting and get them all
at the same time. If they pass the buck there,
you can watch the buck being passed.”

This was very important. The people of this
country, of this state, have to be able to get
answers to questions. I don’t know how many of
you have attempted to get answers to complex
questions about a natural resource. It’s a very
painful business, especially when you are put on
hold for 8-12 minutes and then told the person is
out for two weeks. The point is the council
meetings will be open to its citizens.

We realized that a 34-person council is an
unwieldy group, so we created a seven-person
executive committee that would actually do most
of the work. Its recommendations would have to
go back to the council, which is the governing
group, for approval. But the day-to-day opera-
tions will be done by an executive committee.

How do you appoint that executive com-
mittee without stepping on toes? You don’t. You
let the council elect the executive committee.
This is the coward’s way out, which we were
pleased to take. For the chair of the committee,
we picked as an initial person, the Secretary of
Energy, Minerals and Natural Resources for the
State of New Mexico, because under that secre-
tary’s jurisdiction is the state parks system,
which is probably as close as we could get to the
bosque. However again, the private landowners
resented this idea of a state official running the
committee as chair and so we finally decided—as
we were compromising every step of the
way—that the Secretary would chair the com-
mittee until the by-laws were drawn up and the
council was operational, and then the council’s
members would elect their own chair.

In essence we came up with a massive com-
promise trying to satisfy everyone and therefore
we have satisfied no one. That’s standard. The
only great advantage of such a compromise is
you get everybody angry at you but they are not
absolutely furious at you. If you take a strong
stand you get a smaller number of people angry,
but those who are angry will hate you.

I have already received three letters from
agencies to whom a copy of our report was sent.
It went out on October 12 to the state legislature
and others. These agencies stated, “We will be
very happy to cooperate with this council
provided we are the lead agency.” I tell these
people, pointlessly, that the prefix “co” means
equal, and how do you set up a coordinating
council that has a lead agency which says, “You
coordinate with me, or else!”

We must go to the state legislature and
recommend this council. Now, of course, comes
the politics of trying to lobby our proposal
through the legislature against opposition from
people who feel they are somehow or other
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threatened by it. I don’t think it is a threat to
anybody. It’s not a council that has any strong or
authoritative position. It is an attempt to have
people sit down and talk, to cooperate, to ex-
change information at levels from the federal
down to the smallest municipality and to the
pueblos. We hope to get people to talk and un-
derstand the problems involved in the bosque
and application of, for example, a biological
management plan. This is needed because the
biological management plan is not too popular as
it made some recommendations which concerned
certain people. The plan seeks to restore the
health of the bosque, and one of its recom-
mendations is to consider not channeling the Rio
Grande and to let it return to its natural course.
Well, if you let the Rio Grande go back to what
it would like to be, which is essentially a free,
meandering river, you are going to have prob-
lems of a political nature that you can’t believe.
Most people want the river controlled and
trained in such a way that it doesn’t flood. If we
leave it alone and it floods, there will be anger.
We are advancing to the legislature the con-
cept of this council. We know that there are
several ways, essentially two or three, to obtain
cooperation. One way is to threaten with massive
authority behind you. This council doesn’t have
that authority. The other is cajolery; you can
wheedle and beg for cooperation. That will
likely be fruitless in this case. The third method
is bluntly out-and-out bribery, and that is the
method we chose. We are asking the legislature
to fund this organization to the tune of $250,000
per year so that the council can give out match-
ing fund seed money for cooperative programs to
help the bosque. These could include such things
as studies to determine the importance of the
annual flood to the propagation of the cotton-
wood. There is a feeling by some people that
without the annual flood, the cottonwoods cannot
propagate. Others say on the contrary, if you
periodically or annually flood you have a more
beneficial effect on the salt cedar than you do on
the cottonwoods. We need studies to answer
questions of this type. If this council had
matching funds, and we say matching funds
because the legislature likes to get dimes for
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nickels, the council could then vote to provide
these funds to various groups including federal
groups. Thus, we hope the council could be an
effective coordinating group.

Is there any chance that such a council can
succeed? There are two in the United States, one
in Wisconsin and one in Washington. They are
river basin councils, which deal not only with
the hydrology of the river basin, but also its
vegetation, which in both cases is intimately tied
to the water. So it is possible, particularly if you
get people together of reasonably good will.
Right now if you have been watching ads for
politicians on television, you may doubt that
good will exists anywhere. It really does. There
are people of good will. There are dedicated,
sincere people. With them, a council could suc-
ceed.

Almost more important, if the council
works it is a bellwether for what can be done
with immensely complex political problems in
the future. These political problems, you know
as well as I, ladies and gentlemen, are far more
difficult to solve than technical problems. You
can produce the world’s greatest scientific re-
port, but if it is not politically acceptable,
nothing will happen. We hope this council will
help the bosque, but more, we hope it will set a
pattern for helping New Mexico deal with a
tremendous variety of problems. If so, we will
have accomplished something.
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TIM DE YOUNG

I'm glad that Senator Domenici placed the
issue of water rights reallocation on the table yes-
terday. Our focus is on existing legal and insti-
tutional restraints upon the lease or sale of water
rights that exist within MRGCD boundaries to non-
agricultural uses outside of district boundaries. Our
paper, therefore, is limited to water rights transfers
from within the District to outside.

I think we're all familiar with the context. As
Albuquerque continues to grow, more water is
required for municipal and industrial purposes.
Municipal and private industrial users depend en-
tirely on groundwater for potable water. To “keep
the river whole,” the State Engineer often requires
that the groundwater appropriator acquire, dedicate,
and retire water rights. Alternatively, it is possible
to transfer water rights from one location to
another. Water rights available for dedication or
transfer are becoming increasingly scarce. There is
stiff competition among municipalities and private
users for so-called pre-1907 water rights and prices
have escalated, if you can find valid rights for sale.
If a client came and asked us, “Can we buy or lease
MRGCD water rights?” we would answer as
follows.

Non-agricultural use in the MRGCD was
minimal in the Middle Rio Grande Valley in 1954.
By 1986-1987, agricultural use of water had signi-
ficantly declined and continues to do so. The logi-
cal conclusion is that unless irrigation water rights
have been sold or abandoned, there must be a
surplus of such rights. If Tim Sheehan is correct
and there's 298,000 acre-feet of consumptive use
water rights available in the District, then there
must be available water rights within the District no
longer needed for irrigation.
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Preliminarily, we know that in New Mexico
water rights are private property rights. We recog-
nize that there are federal reserved rights, Indian
reserved rights, and Indian aboriginal water rights
claims, but the McCarran Amendment requires
adjudication in state courts and the end result of
these claims, if successful, is a state-recognized
water right. Federal agencies own water rights un-
der state law. Most importantly, our clients need
state recognized water rights for dedications or
transfers. So, our perspective is to locate and ac-
quire state-recognized water rights.

It is often said that the questions you ask are
as important as the answers you get. We've been
struggling and trying to come up with the right
questions. We've come up with two simple ques-
tions that have very difficult answers. Our two
questions are: (1) who owns the water rights within
the MRGCD boundaries; and (2) what restraints
exist on the reallocation of those rights? I'm going
to quickly answer, or try to answer, who owns the
water rights. I think Tim Sheehan's presentation
provides the basic answer, so I just want to under-
line some of the things that he was forced to rush
through. Greg Ridgley will talk about federal re-
straints, and then Maria Lurie will talk about state
law restraints on the reallocation of water rights.

There's a limited number of possibilities in an-
swer to the question, “who owns the water rights?”
It could be the farmers and others who apply water
to beneficial use. It could be the District itself. I'm
talking about who owns title, because from a legal
perspective that's incredibly important. I can't go
buy water from somebody who doesn't own it. So,
it could be the farmers, the District, the federal
government, or the Pueblos. The answer appears to
be “all of the above.”
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There are pre-District rights, Tim Sheehan's
first two categories, pre-1907 and other surface
rights that were perfected by individuals before the
MRGCD was formed in 1927. The State statutes for
conservancy districts in fact recognize and define
these pre-District rights. To paraphrase, these are
water rights in existence prior to the District even if
the District works enhanced the delivery of water to
serve those rights.

There is a legal argument that all water rights
are owned by individual property owners within the
District. In Snow v. Abalos, 18 N.M. 681 (1914),
for example, it was held that in an acequia the
individual farmers own the water rights and not the
acequia. Arguably, the people who apply water to
beneficial use own the water rights in the MRGCD.
See, e.g., Holguin v. Elephant Butte Irrigation
District, 91 N.M. 398, 401-402, 575 P.2d 88 (1977)
(in reclamation districts, irrigation water 1s appur-
tenant to the land which is being irrigated. The gov-
ernment is only a carrier or trustee for the land-
owners); Nebraska v. Wyoming, 325 U.S. 589, 614
(1945) (“the property right in the water right is sep-
arate and distinct from the property right in the
reservoirs, ditches, or canals. The water rights is ap-
purtenant to the land, the owner of which is the
appropriator”). New Mexico courts similarly have
held that irrigation water rights are appurtenant or
attached to the land and that the public irrigation
company or district only stores and delivers water
to the users. Middle Rio Grande Water Users Asso-
ciation v. Middle Rio Grande Conservancy District,
57 N.M. 687, 258 P.2d 391 (1953). However, the
MRGCD statutes would appear to allow the
MRGCD to own water rights. In fact, surface rights
are owned, at least nominally, by the MRGCD.
MRGCD Permit 1690 covering about 42,000 acres
is a case in point. Regardless, water rights owned
by the MRGCD or its irrigators are subject to the
repayment lien of the United States. Therefore, we
concur with Tim's view that the United States is a
lienholder.

Let me focus on the 1951 Repayment Con-
tract. The Contract states: “The District has made
certain water filings . . . and it shall cause any and
all such filings made in the name of the District to
be assigned to the United States for beneficial use

in the project.” Based on our research and inter-
views, that assignment apparently has not been
made. Reclamation arguably could come in and say,
“wait a minute, in 1951 you said you would assign
the water rights to us,” and the District could say,
“Sorry, it's been 40 years, you're too late. You had
that right but you lost it.”

Unfortunately, the 1951 Contract and similar
provisions create uncertainty and there will be sig-
nificant delay if litigation results. We're cognizant
of the fact that litigation is ongoing between the
Bureau and several districts concerning the owner-
ship of water rights. The closest litigation is by the
Elephant Butte Irrigation District where ongoing
litigation will address, either directly or indirectly,
who owns the water rights as between the district
and the federal government.

Third, the federal government at least nomi-
nally owns the San Juan-Chama water rights. The
1963 Reclamation/MRGCD Repayment Contract
gives MRGCD a contract right to receive 20,900
acre-feet from the San Juan-Chama project but the
United States holds title. Once the District repays
the government, they are entitled to “a permanent
right to water.” This right could be construed as a
water right, or it could be construed as a contractual
right to water, similar to the rights of a water rights
lessee.

The final category is Pueblo water rights. The
Pueblos collectively own water rights within the
District. However, the Pueblos' willingness or abil-
ity to sell these rights to users outside of district
boundaries has not been determined.

That's a quick thumbnail answer to the
question, “who owns the water rights within the
MRGCD?” Now Greg Ridgley will look at some of
the federal restraints on reallocation of those rights.

GREG RIDGLEY

Thanks, Tim. I will try to address briefly some
federal restraints upon the transfer or lease of water
rights held within the Middle Rio Grande Conser-
vancy District. Specifically, I will look at the 1951
Contract between the Bureau and the District, the
federal authorizing legislation for the Middle Rio
Grande Project, and if I have enough time, some
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aspects of local Bureau policies. My discussion will
focus primarily on the second category of water
rights that Tim De Young just spoke about, the
water rights-held by the District that are perhaps
subject to the lien of the United States.

Before I get to that, however, I would like to
comment on what collectively can be called “pre-
District” rights, the majority of which are the pre-
1907 rights held within the District. These water
rights, of course, are not subject directly to the
terms of any contract between the Bureau and the
District. We have observed, however, that Burcau
policies regarding the allocation of water within the
District operate in practice as an indirect restraint
upon the transfer of those rights to users outside of
the District. This indirect restraint works something
like this: a farmer irrigating land within the District
with a pre-1907 right desires to sell that water right
to someone for use outside the District, but the
farmer also desires to continue irrigating her land
and would like to do so by applying District water
to her land. In such a situation, the Bureau of Re-
clamation has exercised its right to control the allo-
cation of water within District boundaries by de-
clining to approve the delivery of District water to
the farmer's tract unless an equivalently sized parcel
of property somewhere else within District boun-
daries is or has been taken out of irrigation. The
effect of this policy, whether intended or not, is to
indirectly restrain the dedication or transfer of pre-
District rights, which otherwise are the most freely
transferable types of water rights.

I now would like to focus on the water rights
presumably held by the District itself. In contrast to
the “big picture” discussions you've heard so far, I
will engage in a bit of microanalysis here. Speci-
fically, we took a look at the 1951 Contract be-
tween the Bureau and the District. In that contract,
the District agreed to repay the United States for the
cost of the Middle Rio Grande Project, which reha-
bilitated the District's project works. We also
looked at the federal authorizing legislation for the
Middle Rio Grande Project. Those statutes are part
of the general body of federal Reclamation law.
Based on our review of those materials, our pre-
liminary conclusion is that neither the 1951 Con-
tract nor the project authorizing legislation contain
express prohibitions on either the place of use or
the purpose of use of District water rights. In fact,
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the District contract expressly allows the District to
lease its water rights subject to the approval of the
Bureau of Reclamation. So at a minimum, we con-
clude that the Bureau could allow leases of District
rights outside the District if the District desired to
do so. A slightly more complicated question would
be if the District decided it wanted to sell some of
its water rights, and I'll touch on that briefly in a
moment.

What potential restraints does the 1951 Con-
tract contain? As I said, the 1951 Contract ex-
pressly allows the District to lease District water to
third parties but also requires the Bureau of Recla-
mation to approve such third party leases. (It makes
no mention, however, of the sale or outright transfer
of District water rights.) The 1951 Contract lists
three criteria for evaluating a lease proposal. First,
it provides that third party leases shall not have
adverse effects on Indian irrigators within the Dis-
trict. Second, it requires that a proposed lease shall
not be detrimental to the “primary uses” specified
in the Contract, and third, it provides that all pay-
ments from third party leases must be paid to the
U.S. as credit to the District's repayment obligation.
As Tim Sheehan's presentation made clear, the third
requirement is a controversial topic right now, but
the dispute over repayment crediting is beyond the
scope of this presentation.

The 1951 Contract contains no express prohi-
bitions on the purpose of use of District water
rights that could limit the transfer of those rights to
users outside the District. The primary uses speci-
fied in the Contract are domestic, irrigation, and
municipal uses. The Contract also mentions benefi-
cial uses. As I mentioned earlier, the third party
lease provision in the Contract allows the District to
contract to supply its water for “any use not detri-
mental to the primary uses.” So, it seems fairly
clear that there's no restriction on type of use or
purpose of use of water subject to the 1951 Con-
tract.

As for provisions regarding place of use in the
Contract, that same provision that discusses third
party leasing also provides that the District water
rights “shall be held primarily for use in the Project
and for Indian lands in the Project area.” That could
be interpreted to mean that District water rights
only can be used within the project boundaries.
However, that word “primarily” suggests that some
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District water rights could be used outside the Pro-
ject area. Such a use might be considered a secon-
dary use, but it's certainly allowed by that language.
I think that the better interpretation is that the 1951
Contract contains no express prohibition on the
place of use of District water outside of District
boundaries.

We also reviewed the Middle Rio Grande Pro-
ject federal authorizing legislation for restraints on
purpose of use or place of use. We found no express
prohibition in those two Acts of Congress on the
type or purpose of use of District water. When I
say those two Acts, I refer to the Flood Control Act
of 1948, 62 Stat. 1179 (1948), the initial authori-
zation of the Middle Rio Grande Project, and the
Flood Control Act of 1950, 64 Stat. 176 (1950),
which provided additional funds to complete the
Project. These Acts of Congress provide that all
water in the Middle Rio Grande Valley shall be
used primarily for domestic, municipal and irri-
gation purposes. This broad language does not
present any significant restriction on the purpose of
use of the District's water.

We also found in those Acts of Congress no
express limitation on the place of use of District
water. In fact, I found no discussion at all on the
place of use of District water in those two particular
Acts.

To wrap up my discussion of the 1951 Con-
tract and the project authorizing legislation, we
found no express prohibitions regarding the lease or
reallocation of the District's water rights for use
outside District boundaries. So, at a minimum, the
Bureau is not constrained by the Contract and those
Acts to authorize leases of District water. Sale or
transfer of the District's water rights is a much
trickier question, however. An argument could be
made that the Bureau, again, can allow the sale of
some of the District's water rights as long as the
criteria in the 1951 Contract are met—that is, no
detriment to the primary uses of the Project water,
no detriment to Indian irrigators within the District,
and all payments are paid to the U.S. But there are
arguments on the other side as well.

Let me briefly make a few comments about
the policies of the Bureau of Reclamation as they
may operate as a potential restraint on the transfer

or lease of District water rights to users outside the
District. We have been told that generally the
Bureau will consider transfer or lease applications
on a case-by-case basis, and the Bureau has plenty
of legitimate concerns. First and foremost, they
need to be worried about repayment of the District's
obligations for the Middle Rio Grande Project.
They also have a trust responsibility to the Indian
irrigators within the District, and they have to be
concerned about their responsibilities under envi-
ronmental and other federal statutes.

In the dispute between the Bureau and the
District over repayment crediting, the Bureau has
cited in support for some of its positions a couple of
federal Reclamation statutes. The Bureau has relied
upon the Sale of Water for Miscellaneous Purposes
Act of 1920, 43 U.S.C. § 521, and the 1939 Recla-
mation Project Act, 43 U.S.C. § 485h. The Bureau
cites those statutes as authority for the Bureau's
position that the Bureau must set the conditions for
delivery, use, and payment for District water trans-
ferred to municipal and industrial uses. Aside from
the crediting question, those statutes have some
bearing on the criteria that the Bureau should use in
evaluating applications or proposals to reallocate
water outside of the District. Both of those statutes
contain language that a water supply contract shall
not be made “unless in the judgment of the Secre-
tary it will not impair the efficiency of the project
for irrigation purposes.” 43 U.S.C. § 485h(c). Con-
sequently, it seems to me that the primary criterion
that should be guiding the Bureau in evaluating a
transfer proposed by the District is whether the
proposed transfer will affect the irrigation effi-
ciency of the Project. Courts have interpreted this
language in a restrictive manner, and have held that
the Bureau's consideration is limited to impacts on
the irrigation efficiency of the particular project,
and that the Bureau is not authorized, by those
statutes at least, to consider impacts downstream on
water users outside of the project boundaries. See
Environmental Defense Fund, Inc. v. Morton, 420
F. Supp. 1037, 1045 (D. Mont. 1976), aff'd in part
and rev'd in part, 596 F.2d 848 (9th Cir. 1979).

With that, I'll turn the podium over to Maria
Lurie, who will talk a little bit about the impact of
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state conservancy district statutes on the potential
reallocation of District water rights.

MARIA LURIE -

This portion of the presentation focuses on the
constraints placed upon the transfer of water by
state conservancy district statutes. While I recog-
nize the fact that such transfers require the approval
of the State Engineer Office, time constraints dic-
tate that my remarks focus solely upon the con-
straints imposed by the language of state conser-
vancy statutes.

With respect to pre-District water rights, the
New Mexico conservancy statutes do not impose
any particular constraints upon the transfer of such
water. Basically, the same transfer process is in-
volved in the New Mexico conservancy statutes'
treatment of pre-District rights as would be the case
with any other type of transfer. Traditionally, the
Middle Rio Grande District has not been in favor of
transferring pre-District rights located within the
District to uses outside of District boundaries. In re-
sponse, the State Engineer developed the dedica-
tion/retirement procedure. Lately, however, the
MRGCD seems to have taken a more hands-off
approach. The MRGCD currently does not receive
notice about dedications but new rules have been
proposed by the State Engineer which would
provide public notice for future dedications.

The New Mexico conservancy statutes do not
place any particular restraint upon federally owned
water rights either. In fact, the New Mexico statutes
defer directly to the federal law. Specifically, New
Mexico Conservancy District Statute NMSA § 73-
18-15, provides that all water, the right to the use of
which is acquired by a District under reclamation
contract, shall be distributed and apportioned by the
District in accordance with (a) federal law, (b) fed-
eral regulation, and (c) within the confines of the
federal contract itself.

My main focus today is the constraints placed
upon District water rights by the New Mexico con-
servancy district statutes. We surveyed the conser-
vancy statutes of New Mexico and the fellow west-
ern states of Utah, Colorado, and Wyoming, for the
purpose of determining how liberal the transfer pro-
cess is in each state. We examined whether the con-
servancy district statutes would prevent water from
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being used for municipal and industrial (M & I)
purposes, as well as whether the state laws permit
the sale of conservancy district water outside of
District boundaries. It is important to examine
whether the sale of water outside of District boun-
daries is permitted because such a provision would
increase the supply of marketable water rights.

We found that all of the states surveyed permit
water to be used for M & I purposes. There were
limitations, however, concerning whether the M &
I use could occur outside of District boundaries. We
also found limitations with respect to whether the
conservancy district could sell its water rights.

Of the states surveyed, New Mexico alone
prohibits the sale of water rights by conservancy
districts. Under our conservancy district statutes, a
conservancy district cannot permanently alicnate its
water rights. New Mexico does, however, permit a
conservancy district to lease or rent its water rights.
Generally, these leases can be for a period of up to
ten years.

Utah possesses what some might consider to
be a model statute. In Utah, a conservancy district
has the power to sell its water rights for any bene-
ficial use either within or without district boun-
daries. Utah passed this provision in 1988. Colo-
rado also provides for the sale of water rights by a
conservancy district. Colorado, however, restricts
the sale of conservancy district rights to uses that
occur within District boundaries. Wyoming, like
Colorado, also permits the sale of conservancy dis-
trict water. The Wyoming statutes limit such sales
to uses within the confines of the District.

In conclusion, if changes were to be made to
the New Mexico conservancy statutes, Utah pro-
vides the model for providing the greatest amount
of surface water to non-agricultural uses outside of
District boundaries.

TIM DE YOUNG

My only concluding remarks are that we have
tried to make sense of a very complex panoply of
laws and regulations, perhaps at the risk of over
simplification. We don't have any recommenda-
tions, we have tried only to describe the situation as
we see it. Tim Sheehan gave a very controversial
and excellent presentation, I'd just like to open the
floor up to your questions at this point.
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BACKGROUND

A major concern for the water-short western
U.S. is appropriate conservation policies for urban
water use. An obstacle in analysis of such policies
has been the statistical and theoretical problems of
estimating demand when water users face a variable
price structure, such as increasing block rates. A
further problem is limited data. More specifically,
to properly estimate demand, it is necessary to have
the percentage (number) of water users in each rate

block, the distribution of users by rate classes
(DURC). Our research has focused on estimating
DURC to fill this data void. Our contention is that
DURC can be estimated from aggregate revenue,
consumption and price data that are generally
available from the utilities. The model developed
here asks the question, “What distribution of water
users in rate classes best explains observed reve-
nues collected by the utility?” Using optimization
techniques, the model estimates the DURC that best
predicts historical revenues.
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The model has been used to predict revenues
and water consumption in the cities of Las Cruces,
Farmington, Albuquerque, and Santa Fe, New Mex-
ico. Results have been extremely positive in that the
model has predicted revenues and quantity of con-
sumption with 97% correlation or accuracy. Ulti-
mately, the results of this research will indicate the
potential effectiveness of water conservation poli-
cies in reducing residential demand on regional wa-
ter supplies.

MODEL

The model currently under construction is based on
theory proposed by Robert Moffitt in an article
titled The Econometrics of Kinked Budget Con-
straints (1990). Consider a demand function of the
form
0, =fP:, M)

where 7 refers to the ith individual and Q; is quantity
demanded by the itk individual; P; is marginal price
faced by the ith individual; and M, is income of the
ith individual. The difficulty is that estimation of
such a function requires an assumption about the
direction of causality in water usage. In economic
theory, it is assumed that individuals respond to the
price of a commodity as a given and choose the
appropriate quantity to consume. Faced with multi-
ple rate classes, a consumer must choose both quan-
tity and the corresponding price. The result is that
causality runs from Q (the dependent variable) to
price and income, the opposite of Equation 1.
Traditional estimation techniques such as regression
applied to this situation result in biased estimates of
the demand coefficients. On the other hand, by esti-
mating users’ expenditure levels the direction of
causality is left intact. Prices and income determine
the amount the consumer wishes to expend on wa-
ter usage as indicated in Equation 2,

Exp =r(P, M)

The difficulty here is that expenditures is a
nonlinear function of consumption times the price
rates. In addition, there is still the issue of how con-
sumers are distributed among rate classes. To ad-
dress these issues, a nonlinear simulation model of
consumer water expenditures was developed. The
theoretical basis for this model is briefly described
below.
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Moffitt suggests that water users are distri-
buted among rate classes based on the concept of
multiple consumer equilibrium and a random distri-
bution of preferences. For simplicity, assume that
there are two rate classes with an increasing price
structure. The time frame is a billing cycle, usually
one month. A consumer's demand is within the first
rate class if at the first price, his/her consumption is
within the first block,

Q1=ﬁ1+ﬂzpl+ﬁ3M+ﬂ4T+ﬂsR+ vand 0 s Q, < B,

where the f, (betas) are estimated coefficients
associated with consumer demand; Q, is quantity
demanded if in first block; P, is marginal price on
the 1st segment; M, is adjusted income on the Ist
block; T is monthly temperature; and R is monthly
rainfall. The limit of the first block is designated by
B,. The key factor on whether a water user con-
sumes within the first block is the level of prefer-
ence represented by the stochastic variable, v.
Moffitt assumes that consumer preferences are nor-
mally distributed with a zero mean and some posi-
tive variance, o, (sigma). With this distribution, a
percentage of the total population will fall in the
first rate block, label this number of users, 4,. Ex-
penditures for the first block of water users would
be
Rev, =P,0 %4,

where Q7 is the average consumption of those
users within the first block.

For some users, their strength of preferences
will take them to the limit of the first block, but not
into the second block because of the higher mar-
ginal price. These water users will be concentrated
at the limit of the first block, known as a kink. Re-
venue collected from users at the kink would be

Rev,=P B4,
Finally, a certain group of users will have
strong enough preferences that results in consump-
tion in the second block. This block is open ended,

thus consumption is limited by traditional pricing
and income. Revenue from this group of users is
Rev, = P,0 %4,

For simplicity, successive blocks and kinks are re-
ferred to as segments. Predicted revenue (rev_prd)
is the sum of revenues from all segments. For
example, a two-block price structure would have
three segments, a four-block price structure would
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have seven segments. The optimization procedure
selects values of betas and sigma (in this model, 6
variables) in order to minimize the following
objective function:-

n

6. >_(Rev_prd; — Rev_act;)?

i=1

Min,gl..

where rev_act is actual revenues collected by the
utility and 7 is time frame of available data. The
objective function is an accuracy function and is
similar in purpose to the objective function implicit
in ordinary regression.

PRELIMINARY ANALYSIS

Model Results for Santa Fe, New Mexico

The optimization model was used to analyze
the period from April 1985 through March 1993 for
the Santa Fe Water Utility. The utility charged users
based on an inclining rate structure, with two
blocks; Block 1, 0-5000 gallons; Block 2, over

5,000 gallons. The model generated estimates the
percentage of users, mean consumption and revenue
for the three segments of the rate structure.

TABLE 1. WATER CONSUMPTION RESULTS FOR
SANTA FE, NEW MEXICO

0-5,000 gal. 5,000 gal. >5,000 gal.
(Block 1) (Kink) (Block 2)
Percent of users 5.1 794 15.5
Mean consumption 2,400 5,000 16,700
Revenue $6,376 $205,560 $161,890

The column labeled 5,000 gallons shows
estimates for those users consuming at or near the
kink. Presently, revenue and quantity estimates are
predicting with 83 percent accuracy. Figure 1
illustrates the accuracy of the model prediction for
revenue. Figure 2 illustrates the accuracy of the
optimization model for predicting water consump-
tion. As is apparent from both figures the model is
excellent in obtaining seasonal trends, but has some
difficulty with low levels of consumption during
winter months.
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Figure 1. Predicted revenues versus actual revenues for the City of Santa Fe.
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Figure 2. Predicted consumption versus actual consumption for the City of Santa Fe.

MODEL RESULTS FOR
LAS CRUCES, NEW MEXICO

The optimization model also was used to
analyze the period from July 1987 through May
1993 for the Las Cruces Municipal Water Utility.
The utility charged users based on an inclining rate
structure, with four blocks. Similar results were
generated and given in Table 2, divided into seven
segments. Rate block limits are measured in
thousand gallons. Figures 3 and 4 indicate accuracy
of the model in predicting pattern historical
revenues and consumption.

COMBINED DATA BASE

The model also was parameterized using the
combined data base of Las Cruces, Farmington and
Santa Fe. Results of this parameterization were
extremely good. The model has a 95 percent
correlation coefficient predicting revenues and a 91
percent correlation coefficient predicting quantity
of consumptions. Figure 5 indicates predicted ver-
sus actual revenue for the three cities. Figure 6 indi-
cates predicted versus actual quantities.

TABLE 2. MODEL RESULTS FOR LAS CRUCES, NEW MEXICO

Water Segments (000 gallons)

0-5 2 3-10
Percent of users 04 0.9 14
Mean consumption 2,970 5,000 7,890
Revenue $77  $312

$759 $34,124 §$128,860 $8,799 0

10 10-50 20 >50
46.9 48.9 1.5 0
10,000 22,180 50,000 0
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Figure 3. Predicted revenues versus actual revenues for the City of Las Cruces.

galions  (in Thousands)

600
Actual Consumption
Predicted Consumption
500 —

&
_;,/-‘

P

300 n
. ‘
) 1
1 g d
4 \ A
\ )
R d '
| 1 ! 4
200 T
LA 1 ‘ ¢
A\ /i ‘
S N/t \ /1 v
P W '
' A
7 tr ' N v
Yy VN - i
\ )
’ .
100
0 — T T T T T R T T T T T T

P o® B P D P D PP o P P
RIS I I i N I it i

Observation — Date

Figure 4. Predicted consumption versus actual consumption for the City of Las Cruces.
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Figure 5. Actual revenues versus predicted revenues for the cities of Santa Fe, Las Cruces and
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Figure 6. Actual versus predicted consumption for the cities of Santa Fe, Las Cruces and Farmington.

SUMMARY

The model developed here asks the question,
“What distribution of water users in rate classes
best explains observed revenues collected by the
utility?” Using optimization techniques, the model
estimates user characteristics that best predict his-
torical revenues. The model has been used to pre-
dict revenues and water consumption in the cities of
Las Cruces, Farmington, and Santa Fe, New
Mexico. Results have been extremely positive in

that the model has predicted revenues and quantity
of consumption with 90 percent correlation or ac-
curacy.
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Introduction

Radon is a radioactive, colorless, odorless, and
tasteless gas that is naturally occurring in our envi-
ronment. It is a short-lived radioactive decay pro-
duct of radium which is in turn a radioactive decay
product of uranium (figures 1 and 2). The radon gas
decays into a series of radioactive daughter pro-
ducts (Figure 1) to which most of the health risks
are attributed. Exposure to elevated concentrations
of radon over long periods of time may increase
chances of developing lung cancer.

Radon is not a problem outdoors because the
atmosphere dilutes the gas and associated health
risks. However, radon becomes an indoor hazard
when the gas leaks from the ground (Figure 3) be-
neath a house into the house through cracks in the
foundations and floors and around pipes and joints.
Most of the radon generated from trace amounts of
uranium in mineral and rock grains in a soil or rock
remains within the grain (Figure 3). Only 10-50

percent of the radon generated escapes the mineral
grain and enters pore spaces where it migrates
through the pore spaces and cracks toward the sur-
face (figures 3 and 4; Otton 1992). Radon also be-
comes dissolved in water as the water moves
through rocks and soils containing uranium. Water
then may become a source for indoor radon. Radon
becomes concentrated in the house, especially in
colder months when the house is closed. The gas
decays to the solid radioactive particles (Figure 1)
that adhere to dust particles, furniture, walls and
floors and tends to remain in the house until it is
breathed into the lungs. The health risks increase in
areas of poor ventilation, such as basements, where
the heavy gas tends to accumulate.

As a result of the perceived health risks asso-
ciated with radon, numerous state and federal agen-
cies have interacted and are conducting studies to
evaluate the levels of indoor radon and radon in
groundwater in New Mexico and elsewhere in the
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Major Radon Decay Products

Lg;d \
Minutes £

Radon
tyy= 3.8 Days

Radium
ty= 1,620 Years

Uranium
tH = 4.4 Billion Years

1= Half life

Figure 1. Major radon decay products (Otton 1992).
Radon is a naturally occurring gas that is produced by
the radioactive decay of uranium and radium.

United States (Magno and Guimond 1987,
Brookins 1986, 1988; McLemore and Hawley
1988; Manchego et al. 1991; McLemore et al. 1991,
Dubiel 1993; Berge 1994). The New Mexico Bu-
reau of Mines and Mineral Resources (NMBMMR)
in cooperation with the Radiation Licensing and
Registration Section of the New Mexico Envi-
ronment Department (NMED) and the U.S.
Environmental Protection Agency (EPA) have been
evaluating geologic and soil conditions that may
contribute to elevated levels of indoor radon
throughout New Mexico. Various data have been
integrated and interpreted in order to determine
areas of high radon availability. The purpose of this
paper is to summarize some of these data for New
Mexico and to discuss geologic controls on the dis-
tribution of radon. Areas in New Mexico have been
identified from these data as having a high radon
availability. It is not the intent of this report to
alarm the public, but to provide data on the distri-

bution of radon throughout New Mexico. Dis-
cussions of the perceived health risks are beyond
the scope of this report and the expertise of this au-
thor. Furthermore, it is extremely difficult to pre-
dict for an individual house if indoor radon may be
a hazard. The only way to determine the levels of
indoor radon in a specific house is to test that house
for radon.

Newly formed
radon nucleus

Recoil
Point

Radium
nucleus

particle

Figure 2. Formation of radon occurs by the natural decay
of radium. A radium atom releases an alpha particle that
contain two neutrons and two protons which results in
radon (Otton 1992).

Geologic Factors

Radon is a naturally occurring element that
occurs everywhere, but the concentration of radon
is dependent upon the concentration of uranium in
the soil, rock, and water and the permeability of the
soil and rock. Uranium is found in trace amounts in
all soils and rocks. However, in New Mexico many
of the soils and rocks naturally contain elevated
levels of uranium as compared to the average crus-
tal abundance (Table 1). These rocks weather to
form soils which contain elevated levels of uranium
that may generate elevated levels of radon.

Several scientific methods are available to de-
termine the concentrations of uranium in a material.
The material can be sampled and assayed for total
amount of uranium (Table 1). Scientific instruments
also are available that can measure the radioactivity
and can be calibrated to provide a measure of equi-
valent uranium which is related to total uranium.
Some of the specialized instruments can be placed
in an airplane or helicopter which can then cover a
much larger area than direct sampling.
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High
Permeability

Low
Permeability

Figure 3. Mobility of radon in the subsurface. Radon can
travel through cracks in rocks and soils and through pore
spaces (Otton 1992).

Aerial radiometric data provide a regional es-
timate of uranium concentrations in the surficial
rocks and soils and correlates well with the amount
of radon in the ground (Duval 1988; McLemore and
Hawley 1988; McLemore et al. 1991). The primary
source for aerial radiometric data in New Mexico is
a series of reports prepared as part of the National
Uranium Resource Evaluation (NURE) program
(McLemore and Chamberlin 1986). A colored con-
tour map of New Mexico showing radiometric
equivalent uranium (eU) concentrations was pre-
pared by the U.S. Geological Survey at a scale of
1:1,000,000 from the computerized aerial radio-
metric data. A copy of this map is available for
inspection at the NMBMMR.

Areas in New Mexico that exceed 5 ppm eU
from the NURE aerial radiometric data are shown
in Figure 5. The extremely high uranium anomalies
in the aerial radiometric data (>5 ppm eU) near
Grants in Cibola County are a result of high values
measured over uranium mill tailings. The computer
generated map exaggerates the significance of these
anomalies; the actual area affected by the mill tail-
ings is small and probably has not contributed ex-
cessive indoor radon to nearby houses. Most of
these mill tailings are being reclaimed.

Mineral grain

Area from which
radon can potentially
+ escape into pore

Radium atom Newiy formed
before decay @@= © radon atom

Figure 4. Movement of radon within a soil or rock. Most
of the radon remains in the mineral grain, only 10 to 50
percent escapes to enter the pore space (Otton 1992).

Other areas in New Mexico with high equiva-
lent uranium (Figure 5) are related to known uran-
ium occurrences (i.e., Gallup, Vermejo Park,
Laughlin Peak) or to areas containing rocks that are
known to be elevated in uranium concentrations
(i.e., northern McKinley County, Gallup, southern
Socorro County, Las Cruces, Cornudas Mountains).
The aerial radiometric data are discussed in more
detail by McLemore and Hawley (1988). Areas that
contain known uranium £ .urrences, prospects, or
mines also may also generate high levels of radon.
Most of the uranium mined in New Mexico came
from underground and open pit mines in the Grants-
Gallup area known as the Grants uranium district
(Chenoweth 1976; McLemore 1983a; McLemore
and Chenoweth 1989).

Highly permeable soils in an area may con-
centrate radon and can contribute to elevated indoor
radon levels. Soils that are well-drained or dry most
of the year and soils that form deep cracks allow
migration of radon from the subsurface to the sur-
face (Figure 3) and possibly into a house. Thin soils
that barely cover uranium-bearing rocks also tend
to allow migration of radon, especially if the under-
lying rocks are fractured. Elevated levels of radon
have been found in areas over limestones or other
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TABLE 1. URANIUM CONCENTRATIONS IN SELECTED ROCK TYPES IN NEW MEXICO

.- Rock Type Location U ppm Reference
Condie and Brookins

Average Precambrian rock New Mexico 3.7 (1980)

Average Sandia Granite

(31 samples) Albuquerque 4.7 Brookins (1988)

Average Madera Limestone

(19 samples) Albuquerque 5.7 Brookins (1988)

Average metamorphic rocks

(9 samples) Sandia Mountains 4.8 Brookins (1988)

Soil samples (51 samples) Albuquerque 4.7 Brookins (1988)
Mogollon-Datil Bornhorst and Elston

Volcanic rocks volcanic field 2.3-52 (1981)

Precambrian granitic rocks Caballo Mountains 3-2329 McLemore (1986)
east of Socorro

Precambrian granite (Tajo granite) 5.9-161 McLemore (1983b)
Cornudas
Mountains, Otero McLemore and

Tertiary nepheline syenite County 3-25 Guilinger (1993)
Capitan Mountains, Allen and

Tertiary granite Lincoln County 2-6 McLemore (1991)
Burro Mountains, McLemore and

Precambrian anorthosite, gneiss, and granite Grant County 2-43 McKee (1988a, b)
Nacimiento Brookins and Della

Precambrian metarhyolite and tonalite Mountains 0.9-5 Valle (1977)
Manzano and Los Brookins and Della

Precambrian granite Pifios Mountains 0.7-8 Valle (1977)
Florida Mountains, Brookins and Della

Precambrian granite and syenite Luna County 1-8 Valle (1977)
McKinley and Brookins and Della

Jurassic sandstones and shales, Morrison Formation Cibola counties 3-9 Valle (1977)

Average crustal abundance - 2.7 Krauskopf (1979)

Average granite — 5.0 Krauskopf (1979)

Average basalt - 0.5 Krauskopf (1979)

Average shale - 35 Krauskopf (1979)
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carbonate rocks that tend to have large caves or
caverns that can contribute to migration of radon.

Indoor Radon Survey

Indoor radon measurements were made with
charcoal canisters supplied by the EPA and distri-
buted by NMED. Measurements were made under
closed-house conditions in the lowest liveable area
of the house. Additional details concerning the in-
door radon survey are by McLemore et al. (1991)
and Manchego et al. (1991).

Average indoor radon levels by county in
New Mexico are summarized in Table 2 and Figure
6. Average indoor radon levels in Albuquerque are
summarized in Table 3 and Figure 7. Histograms of
the data are in figures 8, 9, and 10.

Radon in Groundwater

The New Mexico Scientific Laboratory Divi-
sion of the Department of Health and the City of
Albuquerque have been systematically analyzing
groundwater samples throughout New Mexico for
radon (Berge 1994). Summary of these data are in
tables 4, 5, and 6 and in figures 11 and 12.

- Discussion

Available geologic, soil, indoor radon, and
groundwater radon data were integrated and inter-
preted to identify geologic controls of radon con-
centrations and to identify areas of high radon-
availability. Radon-availability categories are rela-
tive to each other and specific to New Mexico. Be-
cause the risk of inhaling or ingesting a dangerous
amount of radon is due to complex architecture, at-
mospheric, and geologic factors, we refrain from
using the term “risk” in evaluating areas for avail-
ability of radon. The actual health risks for each
availability category are not known; more research
is needed. More specific details on each category
are by McLemore and Hawley (1988) and Mc-
Lemore et al. (1991).

The EPA's nationwide survey of indoor radon
levels in houses required that each county be ranked
for radon availability. Preliminary rankings were by
McLemore and Hawley (1988) and revised by
Dubiel (1993). Revised rankings, as determined in
this report, are in Table 7 and Figure 13. A revised
ranking for the largest cities in New Mexico is in
Table 8.
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However, New Mexico is the fifth-largest
state in the United States, but it contains only 33
counties. The geology and terrain of New Mexico
are quite diverse and major geologic terrains cut
across most county boundaries, creating obvious
problems in ranking counties for radon-availability.
Therefore, it is logical to examine the entire state
and rank by geologic terrain (McLemore and
Hawley 1988). A preliminary classification of
radon-availability by geologic terrain is in Figure
14 and briefly summarized in Table 9.

Five geologic terrains in New Mexico are
identified as having a high radon-availability (Table
9, Figure 14). These areas consist of rocks which
typically exceed 2.7 ppm eU on the aerial radiomet-
ric map (Figure 5) and generally, but not always,
include well-drained, permeable, dry soils. This cat-
egory includes areas of Precambrian outcrops of
granitic rocks that contain elevated uranium con-
centrations of 3-2329 ppm (Table 1). Tertiary rhy-
olitic and andesitic volcanic rocks in southwestern
New Mexico also contain anomalously high con-
centrations of uranium in local areas (Table 1; Wal-
ton et al. 1980; Bornhorst and Elston 1981). For ex-
ample, a sample of the Alum Mountain andesite
near Silver City, Grant County, contained 35.1 ppm
eU (Bornhorst and Elston 1981). Many uranium oc-
currences, prospects, and mines are found in these
uraniferous areas. Most such areas have some
houses that when tested exceed 10 pCi/L (Table 2).
Groundwater samples in these areas are variable
with concentrations exceeding 300 pCi/L (Table 5,
Figure 11).

Eight geologic terrains in New Mexico are
identified as having a moderate radon-availability
(Table 9, Figure 14). These areas include rocks with
2.3-2.7 ppm €U on the aerial radiometric map and
generally consist of moderately permeable soils.
This category includes many outcrop areas of Pre-
cambrian metamorphic rocks, Paleozoic and Meso-
zoic sedimentary rocks, and Tertxary—Quaternary
sedimentary rocks. Indoor radon levels are variable,
but a few houses tested exceed 10 pCi/L (Table 2,
Figure 6). Groundwater samples in these areas are
variable with many concentrations exceeding 300
pCi/L (Table 5, Figure 11). Although the Albuquer-
que area is rated as moderate, areas near the Sandia
Mountains and along the Rio Grande have a high
radon availability (Table 8, figures 10 and 12).
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TABLE 2. AVERAGE INDOOR RADON LEVELS BY COUNTY IN NEW MEXICO (MANCHEGO ET AL. 1991). INDOOR
RADON LEVELS DETERMINED BY MEASUREMENT OF CHARCOAL CANISTERS SUPPLIED BY THE EPA. AREA

SHOWN IN FIGURE 6
<4 pCVL >4<10 pCV/L >10<20 pCi/L >20 pCi/L Total number of

County no. % no. % no. % no. % homes tested
Bernalillo 267 70.6 85 22.5 22 5.8 4 1.1 378
Catron 16 94.1 1 5.9 0 0.0 0 0.0 17
Chaves 41 82.0 9 18.0 0 0.0 0 0.0 50
Cibola 8 53.3 7 46.7 0 0.0 0 0.0 15
Colfax 43 51.2 31 36.9 8 9.5 2 2.4 84
Curry 35 83.3 6 14.3 1 2.4 0 0.0 42
De Baca 12 92.3 1 7.7 0 0.0 0 0.0 13
Dofia Ana 75 92.6 6 7.4 0 0.0 0 0.0 81
Eddy 39 81.3 9 18.8 0 0.0 0 0.0 48
Grant 48 87.3 6 10.9 1 1.8 0 0.0 55
Guadalupe 6 100.0 0 0.0 0 0.0 0 0.0 6
Harding 9 90.0 1 10.0 0 0.0 0 0.0 10
Hidalgo 8 53.3 6 40.0 1 6.7 0 0.0 15
Lea 47 94.0 3 6.0 0 0.0 0 0.0 50
Lincoln 16 94.1 1 5.9 0 0.0 0 0.0 17
Los Alamos 30 76.9 8 20.5 1 2.6 0 0.0 39
Luna 35 70.0 12 24.0 2 4.0 1 2.0 50
McKinley 29 63.0 15 32.6 1 2.2 1 2.2 46
Mora 11 61.1 6 33.3 1 5.6 0 0.0 18
Otero 35 79.5 8 18.2 0 0.0 1 2.3 44
Quay 5 55.6 4 44.4 0 0.0 0 0.0 9
Rio Arriba 55 78.6 9 12.9 5 7.1 1 1.4 70
Roosevelt 36 90.0 4 10.0 0 0.0 0 0.0 40
Sandoval 55 78.6 7 10.0 6 8.6 2 2.9 70
San Juan 158 88.3 20 11.2 0 0.0 1 0.6 179
San Miguel 34 54.0 22 34.9 4 6.3 3 4.8 63
Santa Fe 40 54.1 28 37.8 5 6.8 1 14 74
Sierra 39 100.0 0 0.0 0 0.0 0 0.0 39
Socorro 30 81.1 7 18.9 0 0.0 0 0.0 37
Taos 19 40.4 20 42.6 5 10.6 3 6.4 47
Torrance 7 58.3 S 41.7 0 0.0 0 0.0 12
Union 18 66.7 8 29.6 1 3.7 0 0.0 27
Valencia 27 100.0 0 0.0 0 0.0 0 0.0 27

Note: This data is provided only for informational purposes. The only way to determine the levels of indoor radon in a specific house is to test

that house for radon.
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TABLE 3. AVERAGE INDOOR RADON LEVELS IN ALBUQUERQUE AREA BY ZIP CODE (MANCHEGO ET AL. 1991).
INDOOR RADON LEVELS DETERMINED BY MEASUREMENTS OF CHARCOAL CANISTERS SUPPLIED BY THE EPA.

AREAS SHOWN IN FIGURE 7
<4 pCi/L >4<10 pCi/L >10<20 pCi/L >20 pCi/L Total no. of

Zin Code no. % no. % no. % no. % il:srtr:‘s
8‘7122 2 25.0 2 25.0 2 25.0 2 25.0 8
87111 35 56.5 17 274 9 14.5 1 1.6 62
87112 27 62.8 14 326 2 4.7 0 0.0 43
87123 16 80.0 3 15.0 0 0.0 1 5.0 20
87108 17 85.0 3 15.0 0 0.0 0 0.0 20
87110 34 73.9 12 26.1 0 0.0 0 0.0 46
87109 14 51.9 9 33.3 4 14.8 0 0.0 27
87113 1 333 2 66.7 0 0.0 0 0.0 3
87114 7 87.5 1 12.5 0 0.0 0 0.0 8
87048 10 76.9 2 15.4 1 7.7 0 0.0 13
87107 22 733 6 20.0 2 6.7 0 0.0 30
87104 10 83.3 1 8.3 1 8.3 0 0.0 12
87102 3 60.0 1 20.0 1 20.0 0 0.0 5
87106 19 95.0 1 5.0 0 0.0 0 0.0 20
87105 32 88.9 4 11.1 0 0.0 0 0.0 36
TOTAL 249 70.5 78 222 22 6.2 4 1.1 353

| s to test that house for radon.

Note: This data is provided only for informational purposes. The only way to determine the levels of indoor radon in a specific house

The remainder of the state is classified as low
radon-availability. Most of these areas have rocks
with less than 2.3 ppm eU on the aerial radiometric
map. Indoor radon levels rarely exceed 10 pCi/L
(Table 2), but high indoor radon levels do occur
locally. Groundwater samples in these areas are
variable with some concentrations exceeding 300
pCi/L (Table 5).

It should be emphasized that even in counties
with moderate and high radon availability potential,
many houses have low indoor radon levels. Con-
versely, some houses in areas with low radon-avail-
ability may still have elevated levels of indoor ra-
don. There may be no obvious geologic reasons for
predicting their existence in low radon-availability
areas.

Conclusions

@ More research is needed on indoor radon
levels and concentrations of radon in ground-
water and soils in New Mexico.

Radon levels indoors and in groundwaters are
related to concentrations of uranium and ra-
dium in soils and rocks.

Five geologic terrains in New Mexico are
identified as having a high radon-availability:
southern Rocky Mountains, Grants uranium
district, Jemez and Tusas Mountains, Sandia-
Manzano-Los Pifios Mountains, and south-
west New Mexico (Hidalgo and Luna coun-
ties) (Table 9, Figure 14). Eight geologic ter-
rains in New Mexico are identified as having
a moderate radon-availability: Colorado Pla-
teau, Mogollon-Datil volcanic province,
Organ-San Andres Mountains, Lincoln Coun-
ty, east-central New Mexico (San Miguel
County), Laughlin Peak, and eastern New
Mexico (Table 9, Figure 14). Many houses in
high radon-availability areas have radon be-
low 4 pCi/L, but locally, houses in low radon-
availability areas have radon levels that ex-
ceed 4 pCi/L. The only way to determine the
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Figure 7. Selected indoor radon levels in the Albuquerque area (Manchego et al. 1991). Data in Table 3.
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dia Mountains and along the Rio Grande (fig-

ures 10 and 12, Table 3).
Areas with low levels of radon-availability

may have high levels of radon in groundwater
(Figure 11). Most groundwaters sampled from
trations exceeding 100 pCi/L (95.9% of sam-
ples, Berge 1994). Sixty-eight percent of

groundwaters tested have radon concentra-
These results suggest that additional studies

on background concentrations of uranium, ra-

tions exceeding 300 pCi/L (Berge 1994).
dium,

levels of indoor radon in a specific house is to
Five of the largest cities have a high radon-
availability: Santa Fe, Gallup, Las Vegas,
Deming, and Taos (Table 8).

Areas in Albuquerque with a high radon-
availability include areas adjacent to the San-
throughout New Mexico have radon concen-

in the Albuquerque area (data from Manchego et al.
test that house for radon.

1991).

@
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@
e

and radon must be performed before

in New Mexico naturally exceed proposed

federal standards can be imposed. Many areas
standards.
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Harding, LA-Los Alamos, MK-McKinley, Mo-Mora,

Qu-Quay, RA-Rio Arriba, SF-Santa Fe, SJ-San Juan,

SM-San Miguel, Sa-Sandoval, Ta-Taos, To-Torrance,
Un-Union, Va-Valencia (data from Manchego et al.
1991).

in northern New Mexico. Be-Bernalillo, Ci-Cibola, Co-
Colfax, Cu-Curry, DB-De Baca, G-Guadalupe, Ha-

>10 pCi/t.

by county,

in southern New Mexico. Ca-Catron, Ch-Chaves, DA-
Dofia Ana, Ed-Eddy, Gr-Grant, Hi-Hidalgo, Le-Lea, Li-

>

Figure 9. Histogram of indoor radon levels
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Lincoln, Lu-Luna, Ot-Otero, Ro-Roosevelt, Si-Sierra,
So-Socorro (data from Manchego et al. 1991).
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TABLE 4. SUMMARY OF FREQUENCY DISTRIBU-
TION OF RADON CONCENTRATIONS IN GROUND-
WATER COLLECTED AT THE WELL HEAD BY
DISTRICT (DEFINED BY NM DEPT OF HEALTH)
(BERGE 1994)

State Wide

No. of samples 704 samples
% > 50 pCi/L 97.4%
% > 100 pCi/L 95.9%
% > 200 pCi/L 84.0%
% > 300 pCvVL 68.0%
% > 600 pCi/L 39.0%
% >1000 pCi/L 20.0%
% >2000 pCi/L 4.3%
% >3000 pCi/L 2.0%
% >5000 pCi/L 0.7%

Highest Value 7790.0 pCi/L,

District #1 (Albuquerque)

TABLE 4 (CONTINUED)
District #2 (Santa Fe)

No. of samples 160 samples
% > 50 pCi/L 97.5%
% > 100 pCV/L 96.9%
% > 200 pCi/L 93.0%
% > 300 pCi/L 88.0%
% > 600 pCi/L 56.0%
% >1000 pCV/L 32.0%
% >2000 pCi/L 7.5%
% >3000 pCi/L 5.6%
% >5000 pCi/L 1.9%

Highest Value 7730.0 pCi/L

District #3 (Las Cruces)

No. of samples 257 samples
% > 50 pCi/L 97.3%
% > 100 pCi/L 96.1%
% > 200 pCill 86.1%
% > 300 pCi/L 75.0%
% > 600 pCi/L 44.0%
% >1000 pCVL 21.0%
% >2000 pCi/L 3.1%
% >3000 pCi/L, 0.4%
% >5000 pCi/L 0.0%

Highest Value 4330.0 pCVL

District #4 (Roswell)

No. of samples 146 samples
% > 50 pCi/L 97.3%
% > 100 pCi/L 94.5%
% > 200 pCV/L 70.0%
% > 300 pCi/L 49.0%
% > 600 pCi/L 27.0%
% >1000 pCi/L 13.0%
% >2000 pCi/L 4.1%
% >3000 pCi/L 1.4%
% >5000 pCi/L 1.4%

Highest Value 7790.0 pCV/L

No. of samples 141 samples
% > 50 pCi/L 97.9%
% > 100 pCi/L 95.7%
% > 200 pCi/L 82.0%
% > 300 pCv/L 52.0%
% > 600 pCi/L 23.0%
% >1000 pCi/L 11.0%
% >2000 pCi/L 2.8%
% >3000 pCi/L 1.4%
% >5000 pCi/L 0.0%

Highest Value 3750.0 pCi/L,
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TABLE 5. RADON CONCENTRATIONS IN GROUNDWATER COLLECTED AT THE WELL HEAD BY FIELD OFFICE
AREAS (BERGE 1994)
- - Number Average Minimum Maximum
Field Office Area of samples (pCi/L) (pCi/L) (pCi/L)
District#1:
Albuquerque 19 667 97 3747
Bernalillo 24 346 109 997
Farmington 3 323 140 549
Gallup 49 484 21 2740
Grants 18 596 12 : 2430
Los Lunas 28 616 16 3410
District #2:
Santa Fe 48 861 4 3814
Espafiola 61 780 -9 7730
Las Vegas 17 1056 85 5160
Raton 16 828 146 4440
Taos 18 2122 468 6880
District #3:
Las Cruces 162 801 39 4330
Alamogordo 57 330 -2 922
Deming 18 602 102 2820
Silver City 20 753 195 1240
District #4:
Roswell 8 232 52 468
Carlsbad 15 175 105 251
Clovis 45 646 34 5280
Hobbs 25 228 21 1170
Ruidoso 17 743 99 1995
Tucumcari 36 881 40 7790
Note: Samples were collected by personnel from each field office (as defined by the New Mexico Department of Health) from
throughout their respective areas.
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TABLE 6. SUMMARY OF RADON LEVELS IN GROUNDWATER IN THE ALBUQUERQUE AREA. ANALYSES BY THE
SCIENTIFIC LABORATORY DIVISION OF THE NEW MEXICO DEPARTMENT OF HEALTH (DATA FROM CITY OF
ALBUQUERQUE, PUBLIC WORKS DEPARTMENT)

1st quarter 2nd quarter 3rd quarter 4th quarter 2nd quarter
1993 1993 1993 1993 1954 Average
Maximum 1970 2020 1820 2010 2110 2110
Mean 482 482 464 480 455 473
Minimum 71 81 123 102 150 71
92 wells sampled
TABLE 7. RADON-AVAILABILITY RATING FOR COUNTIES IN NEW MEXICO 1994
% homes tested % homes tested % homes tested
High >10 pCV/L Moderate >10 pCi/L, Low >10 pCVL

Rio Arriba 8.5 San Juan 0.6 Valencia 0.0
Sandoval 11.5 *McKinley 4.4 Torrance 0.0
Los Alamos 2.6 Cibola 0.0 Guadalupe 0.0
Taos 17.0 Bernalillo 6.9 Harding 0.0
*Colfax 11.9 Catron 0.0 De Baca 0.0
Santa Fe 8.2 *Socorro 0.0 Roosevelt 0.0
Hidalgo 6.7 Lincoln 0.0 *Chaves 0.0
Luna 6.0 Sierra 0.0 Otero 23
*San Miguel 11.1 Grant 1.8 *Eddy 0.0

*Dofia Ana 0.0 *Lea 0.0

Union 3.7

*Mora 5.6

Quay 0.0

*Curry 24

* Change in rating from McLemore and Hawley (1988) and Manchego et al. (1991).
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TABLE 8. RADON AVAILABILITY RATING FOR SELECTED LARGEST CITIES IN NEW MEXICO

% homes tested
>10 pCi/L Average radon in water
City County Classification (no. of homes tested) (pCi/L)
Albuquerque- Bemalillo-
Rio Rancho Sandoval moderate 73 (26) 667
Santa Fe Santa Fe high 10.2 (59) 861
Las Cruces Doiia Ana *low 0.0 (67) 801
Roswell Chaves *low 0.0 (36) 232
Farmington San Juan *low 0.0 (110) 323
Hobbs Lea *low 0.0 (30) 228
Clovis Curry *low 2.6 (38) 646
Carlsbad Eddy *low 0.0 (32) 175
Alamogordo Otero low 2.7 (37) 330
Gallup McKinley high 4.8 (42) 484
Los Alamos-
White Rock Los Alamos *moderate 2.6 (38) -—
Las Vegas San Miguel *high 12.9 (42) 1056
Grants-Milan Cibola moderate 0.0 (11) 596
Artesia Eddy low 0.0 (13) —
Lovington Lea *low 0.0 (12) —
Silver City Grant *moderate 2.9 (34) 753
Portales Roosevelt low 0.0 (34) —
Deming Luna high 7.1(42) 602
Taos Taos high 50.0 (4) 2122

*Change in rating from McLemore and Hawley (1988) and Manchego et al. (1991). Note: This data is provided only for informational purposes.
The only way to determine the levels of indoor radon in a specific house is o test that house for radon.

TABLE 9. SUMMARY OF CRITERIA TO DETERMINE RADON AVAILABILITY IN GEOLOGIC TERRAINS IN NEW MEXICO

(FIGURE 14
Radon
Area Geographic feature Geologic and other criteria availability
Precambrian rocks, Paleozoic carbonates contain elevated uranium
1 Southern Rocky Mountains | concentrations. Known uranium occurrences. High
Cretaceous and Jurassic sedimentary rocks which host major
2 Grants uranium district uranium deposits. High
Jemez and Tusas Tertiary intrusive and volcanic rocks, Precambrian rocks with local
3 Mountains elevated concentrations of uranium. Known uranium occurrences. High
Sandia, Manzano, and Los
4 Pifios Mountains Precambrian rocks enriched in uranium. Paleozoic carbonate rocks. High
Various lithologies enriched in uranium. Deep basins with high
5 Southwest New Mexico uranium concentrations in waters. Known uranium occurrences. High
6 Colorado Plateau Sedimentary rocks. Known uranium occurrences. Moderate
Mogollon-Datil volcanic Tertiary volcanic and intrusive rocks, some containing elevated
7 province- uranium concentrations. Known uranium occurrences. Moderate
Organ-San Andres Precambrian and Tertiary intrusive rocks elevated in uranium.
8 Mountains Known uranium occurrences. Paleozoic carbonates. Moderate
9 Cornudas Mountains Tertiary intrusives enriched in uranium and thorium. Moderate
10 Lincoln County Tertiary intrusives enriched in uranium and thorium. Moderate
Jurassic, Cretaceous, and Triassic sedimentary rocks. Known
11 East-central New Mexico uranium occurrences. Moderate
Tertiary intrusive and volcanic rocks enriched in uranium. Known
12 Laughlin Peak area uranium OCCUITences. Moderate
Areas underlain by Tertiary Ogallala Formation, possibly containing
13 Eastern New Mexico elevated levels of uranium Moderate
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