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Cross-slope farming -~ Farming in such

a way that plowing, planting, tillage,
and other f£ield operations are done
across the general slope of the land,
but not on’ the contour as in contour
farming.

Chieck Dams =~ A small, low dam con-

structed in a gully or other watercourse
to decrease the velocity of stream flow.,
The purpose is to minimize channel

scour or promote the deposition of
eroded material..

Diversion dam -~ A barrier bullt to

divert part or all of the water from a
waterway or stream into a different
watercourse, an irrigation canal, or

a water spreading system.

Debris basins -~ The construction of

a basin, usually at or near the point
where a high velocity stream emerges
onto an area of lesser gradient, to
trap course sediment and debris which
is removed periodically.

Diversion dikes and ditches -- Con-

struction of ditches or dikes to divert
the flow of water for the purpose of
reducing erosion and flooding. Includes
such ltems as seeding and sodding in

the immediate waterflow area.

Floodwater retarding structures =-- A

dam with a fixed drawdown tube of con~
crete, corrugated metal, or tile and
having an emergency spillway of concrete
or grass. In some cases 1t may be in~
stalled primarily for the purpose of
protecting land from inundation while
in other cases may be used principally
to reduce the flow and permit use of

a more economical system of stabiliz-
ing structures. Sometimes called
detention dam or reservoir.
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(j) Water spreading -- Diverting flood-

(k)

¢

water from a watercourse or gully and
spreading it over a relatively flat area
for erosion control, to increase the
forege by £lood irvigation, or to
renienish groundwater supplies. Usually
done by constructing diversions, dikes,
or other structures that will divert and

- distribute runoff.

Roadside erosion control ~- Controlling

erosion along roads and highways through
the use of vegatation, structures, or
grading,

Streambank stabilization -- Protecting

streanbanks from evosion by the use of
vegetation and structures,
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WATER PRODUCTION FROM FOREST LANDS OF NEW MEXICO

By

. Géorge D. Hardaway* - . . . L

There seems to be a great deal of misunderstanding regarding water
production in the Southwest. We appreciate this opportunity to discuss
the situation before your seminar and only hope that we can. concribute
something in a small way ) : -

‘The discussion will be difeeted along three main lines:

’l. The situation of forested’ areas--partieularly national forests.
7 2. The water supply reaching the national forests--precipitation.
L 3’,'Water production and its relation to influencing factors.

Multiple use of National Forests is a guiding principle in manag-
ing these federally-owned lands. ., Although the production of usable
water is by far the highest service of these watershed lands in the State,
there are other resources such as timber, graaing, wildlife and. recreation
which, if properly managed, can be concurrently maintained without material
loss of watet or long~term values. : - ‘ :

The six National Forests which are wholly or partially within New
Mexico are the Carson, Santa Fe, Cibola,‘Lincoln, Gila and Apache.. Parts
of the latter two are in Arizona. Within the exterior boundaries of these
units in New Mexico are "about 9 800 000 ‘acres of land. Approximately
8,600,000 acres of . this ‘total are federally owned and this constitutes E
11% of the State's area, Additionally thére are 740,900 acres. of ...
federal land in the so-called L. U. unite and other categories recently
transferred to the administration of the U. S. Forest Servige.. Prio: to
transfer, most of these lands were managed by the Soil Conservation Service.
Purchased during the dust bowl days of the thirties for purposes, of pro=-
tection and rehabilitation, these lands contain very small areas of true .
forést type, and probably will not be added to the National Forests. They
are of only moderate importance from the standpoint of water yieid and will
be given little attention in this discuasion.. :

The tigh mountains and foo;hillﬁareasrof ﬁew:ﬁekieo e:eigeﬁeraili

* Division of Watershed Management, Southwestern Region, .
U. S. Forest Service,»Albuquerque, New Mexico o .
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occupled by National Forests., The fact that precipitation increases with
elevation explains this location. Forests oceur only on the mountain
ranges because precipitation is sufficient there to support them; on the
remainder of the State's area, precipitation is not ample. It therefore
follows, logically, that thess same Natiomal Forests are the highest water
yielding parts of the State., The terrain is rugged and these lands are
primarily noteworthy as watersheds.

It is difficult to estimate the value or even thé guantlity of the
water which comes from National Forest watersheds. For ilastance--what is
the value of water for irrigation? For municipal use? Economists will
disagree and even the answers of the experts have holes in them. €ertainly
the value 1s considerably above the price paid by the farmer which is the
cost of distribution only, A look around the State shows us quickly that
every important agricultural area is tied in economically with one or more
mountain watersheds which is the source of its water supply: Most of these
source areas are on National Forests.. :

Irrigation in the Rio Grande Valley derives most of its water
from the Rio Grande National Fore t in Colorado and the Carson, Santa Ye,
Cibola and Gila Natlonal Forests in Néw Mexico.« ‘I~ the Pecos Valley,
an.important headwater supply originates on the' Santa Fe National ‘Forest,
and is the mainstay of Pecos River flow. Along the westérn divide of
this watershed the Lincoln National Forest contributes 'suppliés £rom:
above Roswell to below Carlsbad. The main recharge areas for pimp '
irrigation (formerly partlially artesian) in this part of the valley
receive water from the Lincoln National Forest. Gila Valley irrigation
water has its souzce on the Gila National Forest ‘and much of 'the surface
flow of the Gila River passes across the State line into Arizona,
augmented by flows from the Apache National Forest. San Juan Valley
irrigation water comes from natioral forests in Colorado and to'a ‘minor
extent from the Carson National Forest ‘in New Mexico, Eagle Nest
Reservolr in the north on the Cimarron and the Bluewater Reservoir in
the western part of the State are dependent partially on national
forest watersheds. Water for puuping in the Mimbres Valley originates
on the Gila Nauional Forest,

Explanation of the foregoing relationships lies Simply in tie
fact that the mountain ranges of the State are the areas where higher
amounts of precipitation fall. Here also, temperatures are lower with
consequently less evaporation, and the growing season is short, thus
limiting transpiration.

Cognizant of the need to stay clear of the subjects to be
handled by other speakers, some discussion of precipitation is neces-
sary here. Elementary as it may appear, 1t must be borne in mind
that the State's water resources and to 'a large extent their ecoriomic
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importance are entirely dependent at the present time at least, on
- the natural precipitation which occurs.ﬂk g x oo

, . Watersheds may be rated in importance approximately in accordance
with the amount of precipitation.vhich they receive. Generally, but not
always, those which receive the most water from the skies produce the
most yileld, Water which leaves an area in surface or underground
channels and which is later available for use may be considered as the
yield. The water production from a watersied may be likened to a farm
crop. It is an annual “crop", much large some years than others.
Its value is somewhat dependent on the use.to which it is put, on its
quality and on the season and nature of its flow from the watershed.

Records of precipitation and stream gaging have been wholly
inadequate to provide much basis for establishing the relationship
between water received and water produced by our mountain watersheds.
Even less do they provide data for establishing trends in this rela-
tionship as over the years man's use of the watersheds causes cnanoes~ 
in the vegetative cover, Research is providing some information
which is very helpful in understanding the principles involved, but it
is meager and usually applies to small areas and findings require 3
many years of time. : :

The Branch of Administration of the-Forest Service has ‘attempted
to extract some facts regarding water yield, using available records,
wiich would contribute to our knowledge of the performance of the
watersheds being administered. As a result of these studies, a
typical average curve was obtained which applies roughly to many moun-
tain watersheds of northern New Mexico. Like most averages, however,
it probably does not apply without adjuutment to any particular watershed
or year. . S ,

The curve shows relationship between annual precipitation and
local water production from areas of moderate size seldom in excess
of 300 square miles. This is not the same as water productinn reaching
Elephant Butte Reservoir or other downstream points, from a small
upstream area. Points on the curve are tabulated as follows:
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Tabulation [llustrating Precipitation-~Water Production Relationship
‘ On.Basls of Annual Averages
Precipitation : . Water Production

In : in : In : In
Inches : : Inches tAc. Ft. per Sq.Mi.: % of Precipitation
10 0.1 : 5 : 1
15 i 0.5 : 25 : 3
20 : 1.6 : 33 : 3
25 : 3.7 : 195 : 15
-30 : 6.3 ' 335 : 21
35 : 9.3 500 : 27
40 : 12.8

685 : 32

It is not difficult to understand, with this relationship existing, the.
much greater importance of watersheds receiving higher precipitation than
the average., The Weather Bureau gives, with qualifications, the average
for New Mexico as slightly less than 14 inches per year. At the lower
elevations on National Forests precipitation may be as low as 11 or 12
inches. It ranges from that amount up to about 18 inches throughout the
grassland-wooded belt. Above tiils is usually a belt of ponderosa pine
receiving from 18 or 19 up to about 28 inches; then a spruce-fir belt
extends from there to the top rate which may be 40 to 50 inches, the
latter occurring only on a very small part of the Sangre de Cristo
Mountains on the Carson National Forest.

The tabulation also illustrates what happens to one particular
watershed as precipitation varies from year to year. TFor exzample,
where 25 inches of water is normal, a drop to 20 inches during a few
years of drought may cut the water production in half; twenty per
cent decline in rainfall producing fifty per cent decline in water
production. :

From the study which was made of the relationships prevalent
in Santa Fe Canyon, the chart titled "llow A Watershed Works" was
prepared. Its mzin use has been in getting the idea over to our own
Forest Service personnel. It 1s attached here.

The chart was based on precipitation data at three stations
surrounding Santa Fe Canyon as there were no records on the immediate
area (see chart). These average data were uniformly adjusted upward
to the approximate actwnal amounts failing on the area. The adjustment
makes it move realistic aad has no effect on the correlation between
precipltatinn and streamflow. Actual streanflow records were used.
The data extended over a period of 27 years,
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. Note that the first block of precipitation--lB 4 inches--1is
required to wet or "prime'" the watershed before water production starts
to be of importance. Precipitation in excess of this amount males
more water available for evaporation, plant use, and for water yield.

As precipitation (and number of storms) increases, the oppor-
tunity for evaporation from vegetation, litter, and soil surface also
increases, and tramspiration occurs in larger amounts. However, water
production occurs and continues to build up with added precipitation.

The amount required for "priming" the watershed will vary by
watersheds; soil types; vegetative cover; amount, pattern and nature
of precipitation; and other factors. It will also vary from year to
year because of varying residual soil moisture.

The chart is intended to illustraté general principles of
watershed performance, Important points are that water yield for a.
period of drought cannot be compared.directly with that for a period
of ample precipitation; neither can water yield be expncted to be a
constant percentage of precipitation year by year. :
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Southwest Watershed Studies of Agricultural Research Service
By
‘Joel E. Fletcher and J. L. Gardner¥
Water.

Land has no value, agriculturally speaking, without water. It is
not the water that falls as rain that gives the value but only that
portion which can be used to give plant growth or quality.

in excess of 90% of all the water we use in New Mexico and Arizona
for irrigation falls on areas above 8000 feet in elevation and this is
only about 12% of the area of the respective states.

Approximately 6% of the water comes from the grassland areas.

High water producing areas mentioned abowe yield between 15 and
80 percent of thelir rainfall as streamflow. In the grassland areas B
this decreases until- the yield is only 1 te.3 percent of the rainfall, e
or in other words, we lose 97 to 99 percent of the rainfall as far as
streamflow is concerned. The actual loss to beneficial use is not
nearly so high, however, since grasslands of this type generally allow
about 50% of the rainfall to infiltrate to the end that it is ugsed to
produce forage and other growth which may serve to support animals
and hold sediment. Thus the water that enters stream channels may be
made more usable also.

Sediment.

Sediment is important because it's movement generally does damage.
This damage is centered in three locales. First, the soil from which
it originates is left depleted. Second, the paths or chamnnels through
which 1t passes are abraded by it's action. Third, the area in which
it is deposited ie. reservoirs, canals, etc. are damaged by losing
capacity, burial, etc.

The main sediment producing areas of Arizona and New Mexico are
in the grasslands and from stream channels. Approximately 90% of all
the sediment originates in these grassland areas while only about 1
percent comes from the high water yielding areas.

Conservation Measures.

The exact effects of conservation measures on water yield and

% Mr. Fletcher is Soll Scientist, S8.C.S., Tucson, Arizona
Mr. Gardner is Botonist, ARS, USDA, State College, New Mexico
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sediment production is unknovm. Studies on the high water.yielding

areas by the U. S. Forest Sexrvice. are, beOinning to give us some quan-
titative data for these areas. The low water yielding-areas produce

such widely spaced flows that: any studies here are extra expensive per
unit of data obtained. For these reasons, the 'Soil Conservation Service
Research group (now ARS Watershed Hydrology Division) began work on the
two great gracsland areas of Arizona and New Mexico' (blue and black grama
grassland). These are the areas where the information is most needed
since they are the main grazing areas and they are the areas where
present information is most meager.

Some of the questions that need to be answered by this study are
as follows:

1. What happens to water yield and sedfment production as range-
land improves? :

2. What happens to the rain that falls?

34 What is the effect of a conqecvation program on econcmic returns
- to the rancher? ‘What effect does it have on the plant cover
and time of water yield?

4. What happene to the water and sediment after they reach estab-
lished flow channels?
In order to €stablish a sound program for obtaining these answers
a.set of criteria which must be met by any watershed selected for
study were set up. 7 hnse were .as follows:

(XN

1. The area must be between 25 and 75‘square'miles.
2, There muét’Be adequate control sites.

3. The channel must be of such a nature that channel losses
could be measured.

4, The watershed must be tributary to a large watershed used for
.irriget;pn;and whilch is gaged.

5. The land owner must be willing to cooperate.

6. The vegetation and soils must be’ typical of the blue and
black grama grassiands respectively.

7. The areas should not be so deteriorated that there is no hope
of recovery in a reasonable time.
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8. The rainfall must be typical of the blue grama grassland
(15~17 inches) and the black grama grassland (10-15-inches)
respectively. ‘ :

9. The areas should be accessable. Roads, trails, etc.
Measurements to be taken are as follows:

1. Soil and vegetation surveys. These include a detailed
classification of the density and species of the plants on
the watershed and a range-site and condition survey and a
detailed reconnaissance soll survey.

2. Sediment source and depcsition survey.

3. Rainfall intensity, distribution and amounts.

4, Stream gaging.

5. General cost of livestock operation.

6. Joint planning of conservatioh practices with thevranchers.

The watershed chosen to represent the blue grama grassland of
New Mexico is the upper Alamogordo Creek watershed above the reservoir,
. Work has begun here and the main control structure is in operation.

The watershed chosen to represent the black grama grassland of
Arizona is the Walnut Gulch watershed at Tombstone, Arizona. On this
area five flumes were installed and some measurements of stream flow
have been made. Both areas have been gaged for rainfall and Soil and
range-site surveys completed. The detailed vegetation-soil studies
of Walnut Gulch watershed are nearly completed and those for Alamo-
gordo Creek are well under way.

By way of results to date, it can be concluded that rainfall in
both areas is extremely variable. For any one season, it is not un-
common to get differences of 500 percent per mile in the total rain-
fall, While these differences get smaller on an annual basis, they
are still very pronounced.

"Unusual® storms have occurred on both watersheds as far as
intensity and frequency are concerned. It is our opinion that at
least to a considerable degree this phenomenon is due to such poor
coverage by gages in the past.

Because of the big demand"for data of this kind in construction
of roads, flood control structures, etc. the study has been very pro-
ductive to date even though neither watershed is in full operation.
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The Effects of Interstate Compacts On
New Mexico Water Supply
By
S. E. Reynolds, State Engineer

Qutline

Introduction

Controversies involving interstate &treams may be re-
solved by any one of several procedures. When the controversy
involved private persons who arve citizens of different states,
the matter may be adjudicated by a Federal District Court.

An example of this type action is the decree on the Gila River
in southwestern New Mexicc. Such action is not generally sate
isfactory since the decision of the court may be altered or
negated by subsequent Supreme Court decisions of interstate
compacts, The settlement of controversies over interstate
waters inm suits in which the states concerned are not before
the courts is a troubied subject where, according to James
Rogers* much easy deciding may have to be unsa%d and undone

in the years to come.

When the controversy is between states, or between 8 state
and citizens of another state, the Supreme Court of the United
States has original jurisdiction. The finality of the decrees
of this court overcomes the objections to Federal Court decisions.
The Surreme Court has been extremely wary of establishing a set
of principles as guides to later decisions and has served more
as an arbiter. The first purpose of ordinary law is the pro-
mulgation of a code of conduct shich shall be certain even be-
fore being just, but the Supreme €ourt has found it unwise to
adhere to this principle in considering the broader issues of
interstate comity.

War is of course a common method of resolving controversiles
between sovereignties and, in his darker mcments, the State
Engineer has often felt that war is the only practical enswer
to many of our interstate problems. This forthright solution
is, however, forbidden by the Constitution.

*Interstate Compacts, Colorado Water Conservation Board, 1946
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The legal basis of all interstate stream compacts is the
Constitution of the United States which forbids alliances and
treaties between states, but permits agreements or compacts to
be consummated with the consent of Congress. Compacts are
generally preferable to judicial procedures for the resolution
of controversies over interstate waters, because of the inflex-
ibility of court decrees. Compacts usually provide the flexi-
bility necessary to meet changing physical and economie condi-
tions in the areas involved.

The negotiation of compacts.is at best a difficult procedure
requiring a blending of engineering and legal talent. It is
essential that the lawyers involved in the negotiations fully.
comprehend the engineering aspects of the negotlations, and that
the engineers have a clear conception of the legal considerationms,
Unless this is so, inequities and ambiguities which will be the
subject of future controversies will inevitably find their way
into the compact.

Compacting has as a procedure for the resolution of inter-
state controversies, beeen criticized because the states, cannot
maintain the trained diplomatic corps required for negotiations
and because of the fact that a relatively small number of per-
'sons negotiate and resolve issues of tremendous importance to
diverse local interests not adequately represented in the neg-
otiations. I feel that the provisionm requiring any compact to
be ratified by the legislature of each State and approved by
the Congress largely overcomes this latter objection.

New Mexico is a party to seven interstate stream compacts.
All of our major interstate streams are covered by such com-
pacts. The mechanisms used in these compacts to establish the
equities of the states were varied to meet the conditions en-
counterad in each basin. These maechanlsms are divided into
four general classifications and one or more of these mech-
anisms can be detected in any one compact:

1~Prioritz

By this mechanism the decreed rights in both states are
supplied in strict accordance with the priority of the use, and
the state boundary is largely ignored.
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2-Lump Sum

By this mechanism a fixed amount of water is allocated to
one or more of the parties to the compact for its consumption
annually.

3-Limitation of Storagef

In its strictest form this mechanism Qrovides for water use
limited only by the amount of conservation storage which the state
As pernitted to construct and utilize.” o

J,vA 4-Inflow-Outflow Schedules

By this mechanism the upstream states' obligation to deliver
water is.determined by the relationship of thé inflow above major
areas of use to the outflow therefrom. This mechanism has the
virtue of accommodating, at least in a measure, the vagaries of
climatology. o ' '

I will attempt a brief review of each of our water.compacts .

Colorado River Compact of 1922

The .Colorado River Compact was ‘signéd in the Ben Hur Room
at the old Governor's Palace in Santa Fg,,Néw Mexico, on Novem-
ber 24,.1922. 1It.was the first interstate water compact to be
negotiated. in the United States. Stephen B. Davis, Jr., signed
as Commissioner for the State of New M xico.” It is of interest
that former President Herbert Hoover served as Chairman of the
compacting commission having been appointed by the President as
the representative of the United States. Signatory states were
Arizona, California, Colorado, New Mexico, Nevada, Utah and
Wyoming. New Mexico's share of the waters of the San Juan,
Little Colorado, and Gila River Basins im involved in this
agreement.

The major purposes of the compact are to provide for the
equitable division and apportiomment of the use of the waters
of the Colorado River system; to establish the relative im-
portance of different beneficial uses of water, and to secure
the expeditious agricultural and industrial development of the
Colorado River Basin, the storage of its waters, and the pro-
tection of life and property from floods. To these ends the
Colorado River Basin is. divided into two basins and the use of
part of the water:of the Colorado River system is apportioned
between the two with the provision that further equitable
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apportionments may be made. The Upper Basin states are Arizona,
Colorado, New Mexico, Utah and Wyoming. These are the states
from which waters naturally drain into the Colorado River system
above Lee Ferry, a point on the main stream of the Colorado River
about one mile below the mouth of the Paria River., The Lower
Basin states are Arizona, California, Nevada, New Mexico and
Utah. Tributaries of the Colorado River drain from these states
into the main stream of the Colorado below Lee Ferry.

The compact apportions in perpetulty to the Upper Basin
states and the Lower Basin states respectively, the exclusive
beneficial consumptive use of 7,500,000 acre-feet of water per
annum. The compact also gives the Lower Basin the right to in-
crease its beneficlal consumptive use of waters by 1,000,000
acie~feet per annum over and above 7,500,000 acre-feet per annum.
This additional allotment, I presume, was to permit the lower
basin the unrestricted use of the waters of the Gila River,
which is tributary to the Colorado at Yuma, Arizona.

The Upper Division states are restricted from causipg the
flow at Lee Ferry to be depleted below an aggregate of 75,000,000
acre~-feet in any period of ten consecutive years.

It was recognized that because of the comstruction of La-
guna dam above Yuma the Colorado River had ceased to be
navigable and the use of its waters for this purpose was declared
subservient to domestic, agricultural and power uses,

The compact provided for the impoundment of water for
generation of power but declared this use subservient to agri-
cultural and domestic uses., It provides that the States of the
Upper Division shall not withhold water and the States of the
Lower Division shall not require the delivery of water which
cannot reasonably be applied to domestic and agricultural uses,

At the time the Colorado River Compact was negotiated it
was thought that the average annual water supply at Lee Ferry
exceeded by about 4,000,000 acre-feet the 16,000,000 acre~
feet per annum allocated; accordingly, provision was made for
further apportionment after October 1, 1963, if and when either
basin had reached its total beneficial consumptive use of water
allocated. This delayed apportionment, I presume, was in-
tended to provide for the apportionment of water in a manner
to fit best whatever pattern the development of the Upper and
Lower Basin states might follow. Probably it was also in-
tended to afford a margin of safety in the allocation of water.
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In a report dated October 1953, Raymond A. Hill states his
belief that the average annual water supply at Lee Ferry may be
less than 14,000,000 acre-feet - - inadequate for the 7,500,000
acre-feet per annum allocated respectively to the Dpper and Lower

" Basins. 1If this is true, it may become necessary at some future

date to resolve the question of whether the Upper and Lower Basins
share such shortages equaliy, or whether the Upper Basin 1s

bound ‘unconditionally to the section providing that it shall not
deplete ‘the flow of the stream below 75,000,000 acre-feet per
annum in any ten year period. Most Upper Basin interests cone-
tend that the intent of this section was to provide for over

and under deliveries'at Lee Ferry and not to establish the
priority of the Lower Basin allocation.

Arizona and California are at this time involved in liti-
gation in the Supreme Court seeking an equitable apportionment
of the waters allocated to Lower Basin states. New Mexico in
her fole as a Lower Basin state, is & party to this litigation.
The Gila and Little Colorado Rivers, which are tributary to
the Colorado below lee Ferry, carry about 275,000 acre-feet
per annum from New Mexico into Arizona. Presumably New Mexico's
share in these waters will be adjudicated in the suit. As a
part of her strategy to delay or defeat the Upper Colorado :
Rlver Storage Project, California tried urgently to involve the
Upper Basin States as necessary parties in this litigation.

This effort was rejected by the Supreme Court which held that
only New Mexico and Utah, which are alsc Lower Basin states,

aye necessary parties and necessary only in their roles as Lower
Basin States. ' o

Upper Colorado River Compact

The Upper Colorado River Compact was signed in Santa Fe in
October -1948. Colorado, New Mexico, Utah, Wyoming and Avrizona
are theZSignatury states. Mr. Tom McClure, then State Engineer,
was appointed by the New Mexico Interstate Stream Commission
to negotiate for New Mexico. However, Mr. McClure died soon
after his appointment &nd was replaced by Fred L. Wilson, who
signed for the State of New Mexico.

The primary objective of the Upper Colorade River Compact
was - to equitably apportiép among the Upper Basin states the |
water allocated to the Upper Basin by the Colorado River Compact.
The water was divided in the following manner: Arizona was
allocated the consumptive use of 50,000 acre-feet per annum,
and the remailning consumptive use was allocated 51.75% to
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Colorado, 147% to Wyoming, 23% to Utah and 11,25% to New
Mexico. New Mexico's 11 1/4% of the 7,500,000 acre-feet

- allocated the Upper Basin amounts to 843,000 acre-feet. New
Mexico's allotment is available from the waters of the San
Juan River and its tributaries which discharge an average of
2,200,000 acre-feet per annum of water past the Shiprock gage.

Colorado assented to the diversions and storage of water
in Colorado for use in New Mexico. The construction, main-
tenance and operation of any facilities by New Mexico in
Colorado, however, are subject to Colorado law including the
payment of property taxes. This provision foresaw and enabled
the San Juan-Chama transmountain diversion, which contemplates
three storage reservoirs, and other diversion works in the
State of Colorado, to bring water from the San Juan Basin
into the Rio Grande Basin in New Mexico.

~ The compact also apportions reservoir losses. The im-
portance of a provision of this sort is emphesized by the fact
that the total evaporation loss from the four storage reservoirs
recently approved by the Congress in authorizing the Upper
Colorado River Storage Project is 630,000 acre-feet per annum.
Losses from veservolrs exlsting at the time of the signing of
the compact gre charged to the state in which: the reservoir is
"located. Losses f£rom reservolr capacity coastructed in the
future to supply watér for use in a particiilar state is
charged dgainst the allocation of that state. Loss resulting’
from reservolr capacity constructed to meet the cbligations to
deliver at Lee Ferry, imposed by Article III of the Colorado
River Compact, are charged against the states in proportion
to the water allocated them under the Upper Colorado River
Compact. Such reservoir capacity is ‘deemed to be for the
comeon benefit of all the states of the Upper Division. The
reservelrs in the Upper Colorado River Storage Project are in '
this category. ' )

" The compact sets forth that the water apportionment made
in the compact shall not be taken as any basis for the allo-
cation among the signatory states of eny benefits resulting
from tlie generation cf power. This provisich makes it evident '
that the States foresaw that power revenues in excess of re-
payment costs of the stiuctures would be forrtheoming from
contenplated storage reservoirs., This provision figured in
the nagotiations ldadingz up to the authorization of the Upper
Color=siio Eiver Storage Project, when Colorado argued that excess
power revenue credits should be allocated among the states, for
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use in financing participating irrigation projects in the same
proportion that the Upper: Colorado river waters were allocated,
The authorizing legislation finally allocated these power revenues
in accordance with a formula based on each state's proportion of
undeveloped water and need for power revenues to finance partici-
pating irrigatiocn projects. Although New MEXICO s proportion of
undeveloped water is iess than 16% the State was allocated 17%

of the power revenue credits.

The compact provides for an administrative commission to

- insure the equitable operation of the compact, and John Bliss, who
has recently retired as State- Engineer after many years in that
office, is at this time Commissioner for New Mexlco. He has
played an important and effective role in the negotiations

leading up to the authorization of the Colorado River Storage
Project and Participating Pro jects.

LaPlata River Compagt

The LaPlata River Compact between the states of Colorado
and New Mexico was signed in 1922 in Santa Fe just three days
after agreement was reached on the Colorado River. Stephen B.
Davis, Jr., signed for the state of New Mexico and Delph E.
Carpenter, who has been called the 'father of the compact
method" signed for Colorado.

The compact provides for the equitable distribution of the
waters of the LaPlata River by a few simple provisions. Operation
is based upon the stream flows at two gaging statlons, the
Hesperus station near the head of irrigation in Colorado and
the State Line stationm.

Each year from the lst of December to the 15th of February,
each state is given the unrestricted right to use all of the
water which may flow within its boundaries. From the 15th of
February tp the lst of December, each state is granted the
right to the unrestricted use of all waters within its bound-
aries if the Interstate gage indlicates flows in excess of
100 cu. ft., per second. If the flow of the Interstate gage
is less than 100 cu. ft., per second, New Mexico is granted
an amount equal to one-half the flow at the Hesperus gage on
the preceding day; provided that, whenever the flow of the
river is so low that the greatest beneficial use of its waters
may be secured by distributing all of its waters successively
to the lands in each state, in alternating periods, the State
Engineers of the two states can so rotate the water for such
periods and for such times as they may jointly determine.
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An unusual provision indicates great confidence on the
part of New Mexico in the good faith of her sister ‘state. It
is provided that, "a substantial.delivery of water under the
terms of this article shall be deemed a compliance with its
provisions and minor and compensating irvegularities in flow
or delivery shall be disregarded.”

The rotation provision of the cempact eventually became
the subject of litigation in the Supreme Court of the United
States. As I stated earlier, the Supreme Court has tried to
avoid establishing a set of principles for the adjudication of
interstate controversies, but a few very inportant such prin-
ciples were established in the case of Hinderlider vs LaPlata
and Cherry Creek Ditch Company which involved an interpretation -
of the LaPlata River Compact. This case is perhaps the compact's
major claim to fame..

The principles established are as follow:

1-No state can claim the exclusive right to the
use of all waters within its boundaries; there
must be an equitable apportionment of the
benefits of the interstate stream between the
states affected.

2-The appropriators and users of water in a state are
represented by the state under which their
claims arise, and are bound by the limitations
which may be imposed upon the state either
by Supreme Court decree or by interstate
compacts.. = -« ..

3-States have the unquestioned authority to
agree upon the division and use of the waters
of an interstate stream, even if such division
and use may have the effect of disturbing or
- destroying the rights of individual appropriators
" which had theretofore been recognized by the
laws of either state. '

LaPlata River is a tributary of the San Juan which in
turn is a tributary of the Colorade, therefore, LaPlata
water apportioned to New Mexico under this compact is a part
of the water allocated to New Mexico under the Upper Colorado
River Compact and to the Upper Basin by the Colorado River
Compact of 1922. Thus the .LaPlata is affected by three compacts.
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Costilla Creek Compact

The Costilla Creek Compact was signed at Santa Fe in
1944 by Thomas McClure as Comwnissioner for New Mexico.
Colorado and New Mexico are the signatory states. Costilla
Creek crosses and recrosses the Colorado-New Mexico line
three times and its waters are used by irrigators in the
two states through a complex distribution system. Although
the discharge of this stream amounts to an average annual
supply of only about 20,000 acre-feet, the waters have been
the subject of bitterstrife and controversy. The principal
ovjectives of the Costilla Compact are to provide for the
equitable division and apporticmment of the use of the
creek's waters and to provide for the integrated operation
of the existing irrigation facilities on the stream in the
two states. One of the prime sources of controversy was
the storage of water in Costilla Reservoir in New Mexico for
use in Colorado. The compact provides for the allocation
of storage benefits of this reservoir between the states,
and for the supplyingz of water to rights in New Mexico and
Colorade in accordance with the relative priorities of these
rights. The control of water under this compact is accom=
plished by a watermaster appointed by the New Mexico State
Engineer.

Canadian River Compact

The Canadizn River Compact among the states of New
Mexico, Texas and Oklahoma, was signed at Senta Fe in 1950.
John H. Bliss, then State Engineer, was appointed by the
Interstate Stream Commission to negotiate this compact and
signed for the State of New Mexico. This compact which
was negotciated subsequent to the construction of Conchas
Dam and Reservoir and the Arch Hurley Conservancy District,
apportions the beneficial consumptive use of the waters of
th2 Canadian River by limiting conservation storage which
may be constructed in’each of the states. The article most
affecting the rights of New Mexico is Article IV vhich states:

"(a) New Mexico shall have free and un-
restricted use of all waters ori-
ginating in the drainage basin of
Canadian River above Conchas Dam.

(b) New Mexico shall have free and un-
restricted use of all waters ori-
ginating in the drainage basin of
Canadian River in New Mexico below
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Conchas Dam, provided that the amount

of conservation storage in New Mexico
available for impounding of these waters
which originate in the drainage basin of
Canadian River below Conchas Dam shall be
limited to an aggregate of 200,000 acre-feet."

"(c) The right of New Mexico to provide conser=-
vation storage in the drainage basin of
North Canadian River shall be limited to
the storage of such water as at that time
may be unappropriated under the laws of
New Mexico and of Oklahoma.”

The compact defines the term conservation storage as that
portion of the capacity of reservolrs available for the storage
of water for release for domestic, municipal irrigation and
industrial uses and ex€ludes any portion of the reservoirs
allocated solely to flood control, power production, and
sediment control. .

The average annual flow of the Canadian River at Logan,
New Mexcio near the New Mexlco-Texas state.line is about 275,000
acre-feet. This large and somewhat erratic water supply
has remained undeveloped and unused to this time primarily
because there is very iittle irrigable acreage below Conchas
Dam along the Canadian or its tributaries other than the
acreage which has already been developed by the Arch Hurley
Conservancy District. The Interstate Stream Commission is at
this time engaged in a study of the feasibility of developing
the waters of the Canadlan below Conchas for industrial use.-
It is possible that development for such use may make feasible
some irrigation as a by-product.

Pecos River Compact

The Pecos River Compact was signed in Santa Fe in December,
1948. The signatory states are New Mexico and Texas. John H.
Bliss signed for the State of New Mexico and is still serving as
our Pecos River Commissioner. The Major purposes of the compact
are to provide for the equitable division aend apportionment of
the use of the waters of the Pecos River and to facilitate the
construction of works for the salvage of water and the more
efficient use of water in the Pecos River Basin in New Mexico
and Texas. Beneficial consumptive uses of the waters of the
Pecos River in New Mexico deplete the stream by an average of
about 500,000 acre-feet per annum.
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Under the compact if is New Mexiéo‘s-obligation not to
deplete the flow of the Pecos. River by man's' activities below
the flow that would have occurred under the conditions of usage

existing in 1947 in Nequexico; The effect of these conditions
of usage and the natural conditions on the river, was determined
by an'Engineéring'Advisory Committee established to implement
the compact negotiations. . The rscords for the period 1938 to
1947 were found by the Advisory Committee to represent well

the conditions existing on the river in 1947. '

The compact provides that the inflow-outflow method shall
be used to determine whether or not New Mexico is meeting its
obligations under the compact. 1In applying the method this
general procedure is followed: The river in New Mexico is
divided into five reaches ir each of which the tributary flood
inflows are determined by a comparison of the inflow and out-
flow hydrographs. The flood inflow is added to the quantity
of water entering the reach and this total is compared with the
total quantity of water leaving that reach to determine whether
depletions over and above the 1947 condition have occurred. In
order for New Mexico to fulfill its commitments the three-year
running average of the ‘algebraic sum of the departures from thHe
1947 condition in these five reaches must not be negative.
There is no compact provision fox the .accrual of debits or
credits; although it is recognized that natural variations
from the normal may occur, gver, periods of .several years
duration." e - :

New Mexico's obligation is confined to depletions by man's
activities. Diminution of flow by encroachment of salt -
cedars or by deterioration of the .channel of the stream is an
Interstate obligation and problem. Determination of such
increased nonbeneficial consumptive uses 1s a function of the
Engineering Advisory Committee which reports to the Commission.

The compact imposes an obligation on both states to coop-
erate in water salvage programs. The most pressing water
salvage project on the Pecos River is in the delta area above
McMillan Reservoir.' This reservoir serves the:Carlsbad
Irrigation District. Legislation authorizing.a. substantially
nonreimbursable water salvage project in this-area has recently
been introduced in the Congress. The introduction of this
legislation is a culmination of at least a year's .negotia~
tion between the two states in arriving at a mutually sat-
isfactory project. | , e C

The compact provides that water salvaged shall be
allocated 43% to Texas, and 57% to New Mexico. Water salvaged
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in the McMillan delta project will be available for first

use by the Carlsbad Irrigation District. This District will
bear New Mexico's share of the operation and maintenance cost
of the project.

There are no storage limitations set forth in the compact,
and both states are obligated to cooperate in the construction
of facilities of mutual benefit.

Rio Grande Compact

The Rio Grande Compact among New Mexico, Texas and Colo-
rado was signed in Santa Fe in 1938, Mr. Tom McClure, then
State Engineer for New Mexico, signed for New Mexico. John
Bliss served as his engineering advisor and played an important
role in the negotiation of this compact.

The purpose of this compact is to provide an equitable
apportionment among the three signatory states of the waters of
the Rio Grande above Fort Quitman, Texas. The mechanism used
for apportioning the water is a relatively inflexible version
of the inflow-outflow method. The equities developed in the
river by each state were defined by a study of the pre-compact
conditions of flow which existed in each State. On the basis
of this study schedules establishing the outflow which must be
maintained with a given index inflow were drawn to define the
obligations of each of the upstream states. Colorado's ob-
lication to deliver water at Lobatos near the Colorado-New
Mexico state line is established by index inflows indicated by
gages on tributaries to the Rio Grande in Colorado and by a
gage on the main stem of the Rio Grande at Del Norte, Colorado.
New Mexico's obligation to deliver water to Elephant Butte
‘Reservoir is established by the flow of the river at Otowi
gage, located on the Rio Grande near Espanola and just below
the confluence of the Chama River and the Rio Grande.

Otowi gage is some 80 miles below the Colcr ado-New Mexico
line and it might seem that New Mexico is granted the un-
restricted use of the river in the reach above Otowi and
below the Colorado line. The compact, however, provides that
the schedule is subject to appropriate adjustments for any
depletion in New Mexico of the natural run-off at Otowi gage.

As 1 have sald, the mechanism for apportionment of the
water is basically the inflow-outflow method, but the Rio
Grande index gages are located at points rather widely se~
parated on the main stream, and tributary inflows between
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these gages are not separately determined as in the Pecos
Compact. Because of this, long term climatological changes
which might affect the relationship of tributary inflows to
main stream discharges could result in inequities affecting
‘adversely either the upstream or downstreéam states. For
example, if the ratio of the precipitation in the Rio Grande
Basin above Otowl gage to the precipitation in the basin below
the gage becomes greater thmn it uas during the period of
record, ‘the Middle Rio Crande Valley in New Mexicc would reé-
ceive an inequitably small portion of the available water
supply. We have recently made a climatological study to
determine whether thiec might have happered. While Mew
Mexico's ability to meet its commitments under the compact
seems . to. follow climatological changes fairly closeiy, there
is as yet no good evidence that the Middle Valley has been
adversely affected by such changes. :

Prior to 1949 the gage at Sar Mercial was uced to measure
New Mexlco's water deliveries and the schedule was based on
the niné monthe water supply excluding the months of July,
August and Eeptember when erratic tributary inflows usually
occur. Since 1949 the gage below Elephant Butte Dam, ﬁo?rected
for changes in storage in Elephant Butte Reservolr, has bean
used to measure New Mexico's deliveries and the schedule is
based on tihe 12 months water supply. This change was made
because of the relative inaccuracy of the gage ‘at San Marcial
‘and also to take into account the tributary inflow from the
relatively heavy summer precipitation in the Middle Vallev.

These numbers provide a concept of the water supply and
the effect of this schedule: The average annual flow of tbe
Rio Grande at Ctowi is 1,300,000 acre-feet. ' At this fiow the
present schedule requires a delivery to Elephant Butte reser-
voir of 897,000 acre-feet: o o i '

1t ds of interest that in this new schedule, bank storage
in Elephant Butte Reservoir becomes 'a factor. When the
reservoir is full water seeps into the reservoir banks and
is stored there..  As the réservoir is drained the water
storad in the banks returns to the reservoir and is available
for use. It seems possible that a generally declining reser-
voir during the period upon which the new schedule is based may
have affected the accuracy of the correlation of the San Marcial
and Elephant Butte effectivé supply gages. During most of
the period since the establishment of the new schedule, the
reservoir has remained at conmsistently low levels and little
or no water has become available from bank storage. Further-
more, as jstorage is increased from the minima of the last few
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years, water will be withdrawn to bank storage and the
outflows measuring New Mexico's deliveries may be corres-
pondingly decreased.

Under historic conditions substantial departures from
the average relationship between index inflow and outflow
sometimes occurred. For this reason the compact made provision
for the accrual of debits or credits by the upstream states.
These debits and credits are computed annually. Colorado's
limit for accrued debits is 100,000 acre-feet and New
Mexico's limit is 200,000 acre-feet. The accrued debits of
these states cannot exceed these amounts unless the excess
is offset by hold-over storage.' Neither New Mexico nor Colo-
rado can acquire, in any one year, a credit in excess of
150,000 acre-feet and New Mexico may not be charged in any
one year a debit in excess of 150,000 acre-feet.

Storage rights were carefully defined and limited in
drafting the compact. The priority of the storage right of
Elephant Butte Reservoir over later upstream storages is

“carefully guarded. Within the physical limitation of the
storage capacity of reservoirs constructed after 1929, New
Mexico must retain water in storage at all times to the
extent of its accrued debit. In January of any wear the
Commissioner for New Mexico may demand of Colorado, and the
Commissioner for. Texas may demand of Colorado and New Mexico
the release of stored water up to the amount of the accrued
debits of Colorado and New Mexico, or up to an amount suffi-
cient to bring the quantity of usable water in Elephant Butte
Reservoir to 600,000 acre~feet by March Ist.

If 19@5 than 400,000 acre-feet are stored in Elephant
Butte Reservoir, neither Colgrado nor New Mexico may increase
*'the amount of water stored. im reservoirs constructed after
1929, unless:the average annual release of water from Elephant
Butte has exceeded 790,000 acre- feét'per annum, the normal
project release. If, however, New Mexico or Colorado have
credits in the water stored in Elephant Butte, they may
relinquish these credits for the right to increase storage
in their own reservoirs.,

In the event of spill of water from Elephant Butte
Reservoir all of the debits of Colorado and New Mexico are
cancelled. Also, in any year in which the aggregate debits
of Colorado and New Mexico exceed the unfilled capacity of
Elephant Butte Reservoir, the deb*ts are reduced proportion-
ately to an aggregate amount equal to the minimum unfilled
capacity. This provision assumes that if Colorado and New
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Mexico had-delivered the debit water, the amount of the
debits over and above the minimum unfllled capdcity would
have. been spilled e o o s

.On the-other hand; if Colorado and New Mexico have credit
water. in Elephant Butte Reservolr at the time of spill, these
credits are reduced by the amount of spill plus. the amount of
increase in, storage in Colorado and New Mexico up to the time
of spill. This provision is based on the fact:that Colorado
and New Mexlco have no storage rights in Elephant Butte, and
therefore, the first water spilled must be thelrs.

The Rio. Grande compact also foresaw the San Juan-Chama
diversion. Article X provides that if water is imported into
the Rio Crande Basin, the State having the right to the use
of the imported water shall be given credit therefore in the
application of the schedules.

The Rio.Grande compact.contains an anomaly which is
probably unique. The compact does not, in fact, apportion the
waters between New Mexico and Texas, but rather between the
water users in New Mexico above Elephant Butte on one hand
and the water users in Texas and New Mexico below Elephant
Butte on the other hand... This fact creates . a serious
administrative problem for the New Mexico Interstate Stream
Commission and the State Engineer. It makes it impossible for
the State Engineer. to administer Rieo Grande waters in New
Mexico in accordance with the well. established doctrime of
priority. When the State Engineer-as compact commissioner
acts to effectuate the compact, .he must bear in mind the
interests of users both above and below the’ reservoir. -When
litigation arises the attorneys for New Mexico are in the’
strange.position of opposing some of their own clients

In spite of the detailed deflnition of storage rights
contained in the compact,.it is silent,on the. subject of.
storage for flood and silt control.- Through the wisdom of
the Compact Commissioners, -the compact has been oPerated as’
though the. term "storage' applied only. to conservation:
storage and storage for .flood and silt control-beyond the'
storage - Iimitations .set forth in the compact has been
permitted. : : :

Article XIII of the compact provides that the Commission
may, by unanimous consent, review provisions of the compact
which are not substantive in character and which do not affect
the basic principles of the compact. Any changes to which the
Commissioners might agree, except changes in gaging stations,
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must be ratified by the legislatures of the respective
stdtes and consented to by the Congress. While this
article seems to restrict changes to those not basic in
nature, it seems reasonable to suppose that changes which
are substantive in nature could be made if ratified and
approved. o

A motion passed at the recent meeting of the Rio Grande
Compact Commission provides that the Engineer Advisors will
undertake to study, in the light of the experience of the
past 16 years, the operational procedures and the methods
of computation required to carry out in a practical manner
the intent of the Rio Grande Compact, and make recomnmendations
to the Commissioners. It is my hope that this motion is a
harbinger of a new spirit on this troubled river.

- Cong¢lusion

Your Chairman, Dr. Stucky, has asked me to commen: if
possible on the economic effects of these compacts on the
State of New Mexico. First, it is difficult to express
water. supply in terms of dollars. Perhaps a reasonable
value for the direct and indirecc benefits from water being
used in agriculture is about $40 per acre-foot, but this
value may vary greatly among agricultural enterpvises and
way vary even more among the various types of use, including
domestic and industrial uses. The interstate compacts pro-
foundly affect our economy because they determine and control
our zéter supply. It is difficult to assess this affect
accurately because 1t would be necessary to visualize condi-
tions as they might have existed 1if the 'compacts had not been
consummated. = These conditions would depend upon a number of
physical, economic, political, and social factors. One can
reasonably suppose that without the compacts the delay of
projects ndcessary for flood protection and the fall develop~-
ment of our water supply would have been greatly extended by
opposition in fhe Congress from representatives of statces
competing with us for this water supply. One can also
rezsonably suppose that we would have been engaged to a greater
extent in prolonged and expensive litigation in Federal District
Courts and in the Supreme Court of the United States. Additional
delay would have resulted from the uncertainty about what the
final judgment of these courts might be.

Despite the apparent impossibility of arriving at compacts
which are equitable in all their provisions, and despite the
frustrations which arise from living under these compacts, it
is my opinion that our compacts have greatly improved the
economy of New Mexico by serving to secure our water supply and
our way of life on these rivers.
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IRRIGATION DEVELOPMENTS BY THE BUREAU OF RECLAMATION
IN NEW MEXICO

By
leon W, Hill*

The Bureau of Reclamation operates in the 17 Western
States and its activities are governed by what is knowan asithe
Federal Reclemation Laws., In the early history of our country
Congress recognized the importance of widespread ownerslidp of
lands, and to carry out this objective, tha homestead laws
were enacted which provided free lands to settlers. Ia adopting
this policy to arid lands of the west lrrigation was essential.
Consequently, Congress went & step farther end enacted the
Reclamation Act of 1902 providing for reclaiming arid lands of
the west by constructing irrigation works. Costs of such works
have to be repaid over a perlod of yzars without interest.

To facilitate administration of the Reclamation Program
the Commissioner established seven regilonal offices. The Regional
office in Amarillo, Texas is respomusible for work in Texas,
Oklzhoma, New Mexlco cast of the Continental Divide, that
poriiou of Colorado drained by the Rio Grande, and a small
peruion of Soutirern Kansas. Each Regilon establishes such
"~ additional offices es are needed. For example, the Rio Grande
Project office is lccated in El Paso, Texas, and we have a
Middle Rio Grande Project office in Albuquerque.

In briefly describing reclamation developments in
New Mexico I will omit the Rio Grande Froject because it will be
handled by Mr. Mcser, representing Mr. W. F. Resch, Manager of
the Rio Grande Project. Dr. Stucky also advised me that the
Uppar Colorado River Project, and particularly the San Juen
Chana Diversionm Project, will be the subject of a subsequent
presentation and, therefore, my remarks will not extend to
these proposed developments. Since the College is located
on the Rio Grunde Project you are, no doubt, familiar wich how
the Bureau of Reclamstion operates and, theczefore, I will limit
my presentation largely to a description of the Bureau's projects
and will try to answer any specific questions you may have during
the discussion period.

The next project upstream in which the Bureau of
Reclamation is interested is the Middle Rio Grande. A comprehensive

*Chief, Division of Irrigation, Bureau of Reclamation, Amarillo,Texas
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plan for the Middle Rio Grende Valley resulted from investi-
gations conducted by both the Bureau of Reclamation and the
Corps of Engineers. The plans of the respective agencies were
coordinated by Secretarial agreement between the Departments -

of Army and Interior, which assigned to the Bureau of Reclama-
tion rehabilitation of El Vado Reservoir, rehabilitation of the
Conservancy District's irrigation and drainage systems, acquilsi-
tion of the outstanding bonds of the District, and chamnel
rectification from the head of Elephant Butte Reservoir throughout
the Middle valley, including the Espanola and Hot Springs
reaches. To accomplish this work by the Bureau of Reclamation,
Congress authorized an expenditure of approximately 30 million
dollars. -The first reach of the river to be channelized
extends from Elephant Butte Reservoir to San Marcial, a distance
of about 35 miles. Channelization consisted of constructing a
low flow channel of 2000 cu. ft. per second capacity, and a
cleared floodway of about 1000 feet in width. Dirt excavated
form the channel section farms a levy to protect the channel
during flows in the floodwqy. Other minor segments of the river
have been cleared and improved, and currently channel work is
underway in the Espanola area. The next segment of the river

to be channelized reaches from San Marcial to San Acacia and

the first contract on this section of the work is scheduled for
awvard soon. In addition, most of the drainage rehabilitation
and extension has been accomplished and the work on E1 Vado
Reservoir and diversion headings has been completed or 1s near
completion. Priority has been given to chamnmelization and
drainage rehabilitation so as to salvage as much irrigation
water as possible to alleviate the current water shortages.

Although it is the Bureau's policy to have completed
irrigation projects operated by water user organizations, the
Bureau did assume the operation and maintenance of the Middle
Rio Grande Conservancy District works February 1, 1955 with
the exception of El Vado Dam and Reservoir. Under terms of our
contract with the Middle Rio Grande Conservancy District the
Bureau will operate and maintain the project during the
construction period with funds advanced by the District. The
contract further provides that on completion of the rehabiiita-
tion and construction work the District will resume operation
and maintenance, *

Although not in the State of New Mexico, you are
probably also interested in the San ILuis Valley Project. The
Bureau constructed the Platoro Dam and Reservoir on the Conejos
River to regulate and provide a late season water supply for
some 80,000 acres of land in the Conejos Water Comnservancy
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District. The reservoir has a capacity of 60,000 acre-feet

and the structure cost about $3,800,000, which is allocated

60 percent to irrigation and 40 percent to flood control. Be-
fore the dam and reservoir could be placed in operation, Colorado
was alleged to be incurring water indebtedness nnder the Rio
Grande Compact, and consequently this structure since completion
has been operated for flood control only. The Bureau has also
completed and is processing a report on the Wagon Wheel Gap

Dam and Reservoilr, and is currently completing a reconnaisaance
report on the Closed Basin Drain.

The Carlsbad Project on the Pecos River is one of
the first in reclamation developments, Initlally this project
consisted of McMillan and Avalon dams and reservoirs and irri-
gation. and drainage works to serve approximately 25,000 acres.

As the capacity of these reservoirs was lost through sedimenta-
tion, Alamogordo Dam and Reservoir, located above Fort Summer,
New Mexico, was constructed to provide replacement storage. The
spillway is currently being enlarged and this work is scheduled’
for completion in June of 1956. As you know, McMillan Reservéir
has been subject to considerable leakage, particularly along .
the escarpment along the east side. To alleviate-.this situation
approximately 10,000 feet of levy was constructed co dike off-
the worst . sink holes through a cooperative progran with: the
State Englneer's office, the Carlsbad Irrigation District, and
the Bureau participating. ' The Bureau operated the Catlsbad .
project for.many years, but operation and malntenance was
assumed by the Carlsbad Irfigation District October 1, 1949.

The District has been doing an excellent job including‘an
extensive replacement and’ improvement program. . The Carlsbad
Irrigation District.has repaid all of the initial cost of

the project and have been making regular payments since: 1946

on Alamogordo Dam and Reservoir. . : -

The next Bure&u project upstream on. the Pecos is the
Fort Sumner Project. The work for this’ project consisted of’
constructing a new concrete diversion dam, lowering and lining
the Main Canal, and the installation of a hydraulic turbine
pumping plant, -rehabilitation of part of the distribution system
and rehabilitating and extending the drainage system. These
works provide irrigation to 6500 acres of land, and the project
works cost $2,432,000, which the Fért Sumner Irrigation District
will repay in 80 annual installments. This project is. also
operated and maintained by the Distric

The Bureau~has.constxucted two projects on the Canadian
River in New Mexico. The largest is the Tucumcari Project, which
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consists of canals, laterals and drains to serve 42,000 acres
of irrigated land. The system cost approximately 16 million
dollars, of which the District is required to repay approx-
imately $5,900,000 over a2 40 year repayment pericd with
repayment to begin in 1959 following a. five year development
period. Water is supplied the Tucumcari Project from Conchas
Reservoir which was constructed by the Corps of. Engineers.
The project is operated and maintained by the Arch Hurley
Conservancy District. L L '

Upstream on the Canadian in the vicinity of Maxwell,
New Mexico, Ls the Vermejo Project. Project works consist
of a series of offstream reservoirs, canals, laterals and
drains to serve 7300 acres of irrigated lands. These works
cost approximately $2,800,000 of which the water users will
repay $2,107,000 over a period of approximately 78 vears.
The project was completed last year end the works are operated
and maintained by the Vermejo Conservancy District.

Statistics relating to acreages and gross crop
value on irrigation developments by the Bureau of Reclemation
in New Mexico follows:

Crop Summary
1955 Census of Region 5

Average Gross
Irrigable Net Acres in  Gross Crop Crop Value per

Project Area Cultivation Value Cultivated Acre
Acres Acres $ 8

Rio Grande 159,650 142,694 32,446,623 227.37
Carlsbad 25,055 23,289 3,695,724 158,69
Tucumcari 42,214 38,677 1,869,467 48,33
Ft. Sumner 6,500 5,732 464,416 81.02
Middle Rio

Grande 121,680 66,887 4,192,452 62,68
Vermejo 7,379 - - -

Aside from the investigations of the San Juan Chama
Diversion Project, the Bureau has recently completed a number of
reconnaissance reports on small projects on the upper Canadian
River and is currently conducting investigation of the Pecos
Basin in cooperation with the Pecos Compact Commission and
the State of New Mexico. Investigations in the Pecos Basin are
primarily for the purpose of determining ways and means of
salvaging and conserving the limited water supply. In this
connection, Congress now has under consideration a bill which
would authorize channelization work above McMillan Reservoir
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area similar to that previously described on the Rio Grande.

I have given you‘a birdseye view of reclamation
projects in New Mexico and will attempt to answer any specific
questions you may have during the discussion period.

1
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Water Supply and Costs in Operation‘
- of Rio Grande'Project ‘

By.. .

Theodore H. Moser®

History and DeveiopmentA,-

ts Before beginning a discussion of the watér supply
and costs, in operation of the Rio Grande Project, I would like
to trace briefly, for those that aren't familiar with it,
some of the history and development of the Project.

. -Irrigation iIn this area was initially begun by the
Indians, possibly many years before the first Spanish explorers
arrived. Recorded history of the valley began with its discovery
by the Spanish explorers under Coronado in 1540, who reported
Indlans cultivating the land and bringing water to it by
irrigation-ditches. In the upper Rio Grande Indian Pueblos
were, of course, numerous and communal life was well estab-
lished at the time of Coronado's explorations. o

Irrigation by Spaniards was begun on a small scale-
with the establishment of the Guadalupe Mission in what is
now Juarez, Mexico, in 1659, :although -efforts to start a
mission at this location.were first:begun in 1632 and sdme
writers refer to-a church et Cinecue, three miles east of
El Paso, in 1626. Settlements in the immediate vicinity of
Juarez and El' Paso continued to flourish as they were a
stopping station between. the east coast of Mexlico and the
colonization that was taking place along the Rio Grande
further north in New Mexico.

Colonization around El Paso was glven a big boost as
a result of the Pueblo Indian revolt in 1680, The Indians,
under the leadership'of Pope', rebelled and drove the Spaniards
and Christianized Indians south to the E1 Paso area, and it
was 12 years before the Spanish reoccupiéed the territory
to the north. Clee e

It was not until about 1840 that the American
settlers began .to arrive and they -also practiced irrigation.
All of these early attempts at irrigation consisted of
community ditches drawing from the normal flow of the Rio
Grande by means :of temporary diversion works. : ‘

*Acting Chief of the Engineering Division, Bureau of Reclamation,
El Paso, Texas
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Further up the river, rapid development of irrigation
occurred in the San Luls Valley in southern Colorado between
1880 and 1890. During this perlod, most of the large canal
systems and other irrigation wcrks that exist there today were
built. This upstream expansion of irrigation in southern
Colorado, in addition to that which had also taken place in
central New Mexico, absorbed the normal summer flow of the
Rio Grande, causing it to be dry in this area for longer
and more frequent periods. As a result of this g hortage of
water, stovage was first considered abuut 1890, Several local
and smaller storage projects were proposed, but conflicting
interests prevented the culmination of any of them.

Scon after the passage cf the Remlamation Act of
June 12, 1902, the formation of the Rio Grande’ Project was
first. conSLdared Investigative surveys were begun in 1903
~and a feasibility report was made the next year. The Rio
Grande Project was approved b; the Secretary of the Interior
on Dacember 2, 1905. Also in 1905 the Reclamation Act
was extendad to that portion of Texas lylug along the Rio
Grande and in 1906 the act was extended to the whole state.
A contract was entered into with the Elephant Butte and El
Paso Valliey Water Users' Associations in 1906 for construction
of storage and diversion works on the Rio Grande.

A treaty with Mexico, providing for the distribution
of Rio Grmnde waters, was signed on May 21, 1906, wherein
it was provided that Mexico was to receive 60, OGO acre-feet"
of water annually except during periods of watex shortages,
such'as we have experienced the last 5 years, when they .
were to receive a proportiona;e pexrcentage of the normal
usage

The first construction work on the Rio Grande Project
began in 1906 with the comstruction of Leasburg Diversion Dam
and 6 miles of the’ Leasburg Canal. This was completed in
1908 and the first water was delivered through Project works
to three old community ditches, one of which is now the
Las Cruces Lateral that flows through the City of Las Cruces
and just west of the college.

The construction of Elephant Butte Dam was
authorized by Congress on February 25, 1905, Pre~construction
work began.in 1908, although preparatory surveys had begun as
early as 1903. Actual construction on the dam proper didn't
begin until 1912. Storage was first available in 1915 with
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completion and dedication of the dam being in 1916.

Considering the equipment available in those early
days, the construction of Elephaar Butte Dam was quite an
engineering feat. It wds one of the highest dams at that
time, rising 301 feet above its base, It was one of the
first dams built by the Burdau of Reclamation, arnd at the
time it was built, created the largest artificial lake in
the country having an initial capacity of 2,638,000 acre-
feet. Even though bullt 40 years ago, the reservoir is -
still one of the five largest built by the Bureau of
Reclamation, being surpassed only by the reservolrs behind
Hoover, Grande Coulee, Shasta, and Hungary Horse Dams.

: In 1917 and 1918 the Water Users Associations,
which had been created in 1906 were succeeded by the
Elephant Butte Irrigation District and the El1 Paso County
Wier Improvement District No. 1, and contracts were entered
into with the Government' for *he construction of the die- } -
tribution canals and laterals and the drainaze system in '
addition to the completion of the diversion works. During
the period from 1912 to 1930, the construction of most of
the canal and lateral system and the drainage system was in
progress. Altogether, the Project now operates and main-
tains about 600 miles of canals and laterals and 470 miles
of wasteways and drains. If all of these could be placed ,
end to end in one continuous ditcb it would extend from here
to Omaha, Nebraska. e S :

Caballo Dam, located 25 miles downstream frcm
Elephant Butte, was first conceived as a flood control structure,
but additional capacity was provided to allow for- year-round
generation of power at Elephant Butte. It was completed '
in 1938 and has a total capacity of 240,000 acre-feet,
100,000 of which have been reserved for flood control by ‘
the International Boundary.and Water Commission in connection '
sith the Rio Grande Rectification program between the
United States and Mexico. '_-

Construction of the power plant at Elephant Butte
began in 1938. The rated capaciry of the plant is 27, 000 kva.
14 substations and 500 miles of transmission lines -ave also
part of the power system.

Cost and Repayment . -
Before any of these features of the Project were.
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approved for construction, ‘it was- heeessary to’ determine that
they were economically justified. Under Reclamation ‘laws

the cost of irrigation and power pro;ects must be reimbursed
to the Government over a period of yee;s and contrqcts
guaranteeing this repayment) except fcr'certain non-reimburs~
able items authorized by Congress, Were worked out and
signed.

*To date the cost of Elephant Butte Dam has been
$5-1/2 million, only a small fraction of what it would cost
1f it were built at today's prices, and the cost of the
power plant, to ddte, has been about $1- 1/2 million. These
costs are being repaid by power: revenues, except ‘for $1 '
million set aside as non-reimbursable to cover the allocation .
of a portion of the water to Mexico under the Tredty of 1906.
Caballo Dam; costing a little less than $2-1/2 million, is
also being repald out of power revenues, except for $1-1/2
million paid by the Federal Government, through the Inter=
national Boundary and Water Comnission, for flood control
features., :

The cost of the irrigation and drainage systems
was $10-1/2 million, and is being repaid by the water users
at the rate of about $1.40 per acre per year. Repayment
for the irrigation and drainage systems would have been
completed in 1967 except that the Secretary of the Interior
under Congressional authorization, has granted a moratorium ,
-each of the last 'two years due to the extreme water shortage
and the 'resulting financial plight of the farmers of the
valley. To date 71 percent of the water users' obligation %
has been repaid Vo '

Physical Aspects and Organization of Rio Grande Proiect.

The water~yight acreage under the Rio Grande Project
is 155,000 acres extending 60 miles up the river north of
Las Cruces: and 80 miles below Las Cruces. The maximum width
is only :dbout 4~1/2 miles. You can see that the Project is
long and narrow, which makes the"distribution of the water
quite difficult at times. .

Geographically, the Project is divided into five
units separated by short river canyon sections. These are
the Elephant Butte-Reservoir, 'Caballo Reservoir, and the
agricultural areas in the Rincon, Mesilla, and El Paso Valleys.

For operatilonal purposes the Project is divided
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into three branches~~the Power and Storage Branch at Elephant
Butte, the Las Cruces Branch for the irrigated asrea above

El Paso, and the Ysleta Branch, located at Ysleta, Texas,

for that portion of the Project below El Paso. Project head-
quarters ave in El Paso.’

The water users are organized into two districtse--
the Elephant Butte Irrigation District with offices in lLas
Cruces for the portion of the Project in Wew Mexico, and
the E1 Paso County Water Improvement District No. 1 with
offices in E1 Paso for the Texas portion of the Project.

Watershed and Runoff

The drainage area of the Rio Grande above Elephant
Butte contains approximately 26,000 square miles. It is
long and relatively narrow, extending into the San Luis Valley
in southexrn Colorado, a total distance of 470 miles above
Elephant Butie Reservoir,

For the fifty-year period from 1395 to 1944, the
flow in the Rio Grande at San Marcial at the head of Elephant
Butte Reservoir averaged about 1,100,000 acre-feet annually.
Since 1944 the runoff into zlephant Butte has averaged
518,000 acre-feet annually, and for the last 3 years has
been only 245,000 acre-feet, or 22% of the 50-year average
before 1944, Since the construction of Elephant Butte Dam,
water has flowed over the uncontrolled spillway of the dem
ouly once and that was in 1942.

Storage in Elephant Butte has been low for the
last 6 yeers and raached en all-time low of 9,200 acre-feet
in August 1954, just 0.45 of 1 percent of its total capacity.
The greatest amount of storage thie spring in both Elephant
Butte and Caballo was 241,000 acre-feet before water was
released for irrigation on March 18th. As of teday, April
5, 1956, there is only about 180,000 acre-feet left in storage
in both reservoirs.

Earlier predictions for an appreciable runoff this
year are apparently not going to materialize. The latest
prediction by the Weather Bureau for flow into Elephant Butte
for the current water year is 460,000 acre-feet; however,
it may be comsiderably below that amount.

Because of the extreme shortage of water in recenf
years, deliveries to the water users have been on an allotment
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basis since 1951, with the amount being considerably less than
the normal requirement. The total allotment for last

year was only 5 inches of water, about 14% of the normal
requirement. The initial allotment last year was :2-1/2
inches while the initial allotment this year is 4 inches with
no guarantee of delivery after June 15th. Any increase in
the allotment that might be made during the year is dependent
on runoff into Elephant Butte from the snow pack in the
mountains or from spring and summer rains on the watershed.
All in all, the outlook for this year is extremely poor
unless relief comes in the form of rains of near-flood
proportions, . :

Supplemental Ground Water Supply

, . The average amount of water applied to the land
in order to grow crops in the Rio Grande valley is about
- 3.0 feet. 1In order to supplement storage water, the water

‘users of the Project, at thelr own expense, have drilled
about 1700 irrigation wells at a total cost of approximately
$12 miliion., It is only because of these wells that agri-
culture in the valley has been able to survive the last
few years. However, this is probably only a temporary
solution since the water table has already dropped an
average of 5 to 10 feet throughout most of the Project
and the salinity of the well water in the lower end of
the Project sppasys to be ‘Increasing. Some wells have already
required lowering in order to get enough water. Some have
been abandored because of high salinity and others are approach~
ing the limit where continued use will be detrimental to the

land. : : o o )

Crops” and Farm Tncome

&

The effect of ‘the drought, plus the cotton
acreage limitations, reduced the total farm revenue for..-
farms on the Rio Grande Project nearly 22% last year over
the amount received the year before. The total gross in-
come for last year's crcps was a little over $32 million.
Last year's total was a 45% drop from the record high of
$59 million in .1952. : ’

Cotton, the big money crop on the Rio Grande Project,
accounted for 797 of the income &nd 61% of the rotal acreage
last pear. Because of reduced acreages, smaller yilelds
and lower prices, it was responsible for most of the drop in
farm income from the year before., Medium staple cotton
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dropped from about $29 mi}llion in 1954 to about $21 million
last year. The yield dropped frem 1.85 bales per acre to
1,54 bales and the cash value dropped from $383 per acre to
$309. Long staple cotton suffered an even greater reduction
because of a substantial drop in price as well as a drop

in yield. The price dropped from an average of 67% cents

per pound in 1954 to 53% cents in 1955, and the yield dropped
from 1.04 bales per acre to 0.85, This brought about a 35%
reduction in the cash valﬁe per acre, dropping from $366 to
$236,

. The second most valuable crop was alfalfa with
almost 35,000 acres planted. The yleld last year, 3.6
tons per acre, was the same as the year before but the
price ran a little higher, averaging about $93 per acre,
an increase of about $4 per acre.

- The third most valuable crop was pecans, which
yielded $358 per acre. The pecan acreage of almost 4,200
acres is largely on the Stahmann Farms near here. The
crop that brought the highest gross revenue per acre last
year was dry onions, grossing $904 amn acre on 542 acres.
Other vegetables and fruits brought fairly high returns
also. The average of all crops harvested was $227 last
year as compared with $289 in 1954,

. It should be remembered that these figures are
gross income from crops. Not only have labhor, seed and
material costs risen in the last few years, but irrigation
water cost the farmers considerably more money last year,
due to the fact that on the average over 2-1/2 feet of
water had to be supplied by the farmer himself from his
own or his neighbor's well at an estimated cost of $5
to $15 an acre-foot. This added cost cut deeply into
the revenue the farmer received from his crop.

The total gross income last year was the lowest
since 1945 and, considering the reduced buying power and
added expense, it made 1955 one of the poorest years on
record.,

In spite of the present period of water stregs,
however, the history of the Project to date is encourag«
ing as reflected by the value of the crops produced sinde
1915 of $712 million. s
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.” by the Bureau of

Operation and Maintenance Costs

, ‘ The cost of operation .and maintenance of, the
irrigation and’ﬂrain?ég]fé@ilifﬁéﬁtbi;ﬁhe Project is
advanced to the United States each year by the Irrigation
Districts. Due to reduced incomes, increased costs, and
water shortage, the farmers, through their irrigation
districts, have asked,fégrangregéivgd a reductlon in the
operation and méinfenancﬁ”buﬁget of the Bureau of Reclama-
tion, operating.the Rio Grande Project. 0&M charges
‘have been reduced from about $6.50 per, acre in 1954 to about
$4.50 per acre this year. This reduction has meant a
major curtailment of the rehabilitation program, that is,

. Teplacement of pld structures such as checks and bridges,
which in some instances have reached an age of forty years
.or more, as well as a reduction in the extent of the re-

‘gular maintenance work. 1In spite of the small amount of
" Project water delivered, though, the system still has to be
maintained to keep it from deteriorating. Also, the ditches
have to be kept, clean to handle the well water that is
conveyed through the system. e
C In comparing the cost of maintaining and operat-
" .ing this Project with other pfgjéétsgthat_havgabéed;
financed with Federal funds, some of which are operated

:eclamationfand"éomg by the. irrigation

" districts, for the year 1954, the [last year that complete
figures are available, the Elephant Butte District of the
Project ranked .77th and the E1 Paso District ranked 91st,
out of 117 projects compared on ¢6st per irrigated acre,
On the basis of the ratio of O8M cost to gross crop value,
however, both Districts.of the Project ranked with the very
best, with the Elephant Butte District 9th and the El
Paso District 17th. B e

Future Conditions

In closing, I would like for you to think for a
minute about what the future might hold in store for the
irrigated lands of this valley. Some people think that
if we could justféeﬁ one good rundff 'we would be .back
on our feet". Others, like Dr. Nelson Sayre, director
of the ground water studies for the U. S. Geological
._Sprvey,‘fegl that it might take five or six above-normal
”years.iﬁ'a row to Pr@gg‘this'quigg§‘bagk\}p 1ts 1949
condltion. Afrer 13 years. of below-average faflow to

‘. € are -
s AN
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Elephant Butte, we are still hoping for improvement in
the amount of runoff.

However, thefe‘are other factors that need to
be considered besides runoff. Evaporation and seepage
losses take a large percentage of the water that we do
get. The evaporation off the surface of Elephant Butte,
for example, amounts to about 6 feet of water a year.

To try to reduce this amount at Elephant Butte and other
reservolrs, experiments:are being conducted by the Bureau
of Reclamation and other agencies, both in this country
and abroad, to try to reduce evaporation iosses by use of
a thin film over the surface of the water, using cetyl
aleohol,: or othief chemicals which do not have an adverse
effect on water, aich as creating objectionable tastes or
odors or“an adverse effect on the biological balance of
the reservoirs. o B -

We have also begun reconnaissance, studies to
determine: the fédsibility of lining a section of the
river or providing a lined conveyance channel outside the
river from Leasburg Dam to El Paso to reduce.seepage
losses and reduce ‘evaporation losses by cutting down
the time for transporting the water. ~In this samer
connection we are-also investigating the cost and.the
benefits"of lining all the major canals and laterals on
the Project. Such programs would have to be approved
by the farmers before firm reports could be prepared for
submission to' Congress., The studies haven't progressed
far enough yeét to know how much 1t will cast or just how
much water it would save. - L.

Other studies, such as changes in methods of
irrigation to conserve water, finding new crops that
take less ‘water, improving meahs'of'increasing rainfall,
and finding economical methods of desalting water,
still requiré much'research and study. Such studies,
as you well ‘know,are being undertaken in virtually
all the universities'éndﬂcdllégés through ont the West.

- Irrigated farming is the backbone of the
economy of this ‘area.” The'future of the irrigated farm
is the future of the Southwest and most assuredly of
the Rip Grande’ Project-area.’ = .

T,
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THE COLORADO RIVER STORAGE PROJECT
and
PARTICI?AIING PROJECTS
] -

Ralph Charles*

The Colorado River Basin

Descrivtion of the Area

1'

3,

The Colorado River rises in Colorado and Wyoming
and flows southwest some. 1,400 miles to enter

the Gulf of California. It drains 242,000 square
miles~~ one~twelfth of the\continental United
States, .

From the high mountain peaks|, it traverses mountain
valleys, flows through the spectacular canyons

of the Upper Basin, ad finally meanders through
low, broad, alluvial plains of the Lower Basin.

Becaugse of the difficulty of develoPment, the

Upper Basin is relatively underdeveloped when
compared with the-Lower Basin. Eastern Utah,
Southern Wyoming, and Western Colorado are esti-
mated to contaln one-fourth of the undeveloped

coal resources of the United States. Vast deposits
of oil shale and bituminous sandstone, as well =~
as great beds of phosphate rock are ss yet un-
developed.

Present development of hydroelectric power also
presents a contrast between the basins. In the
Upper Basin there is less than 100,000 kilowatts

of installed capacity, while in the Lower Basin

the Hoover, Parker, and Davis Dam power plants,
together with Pilot Knob, those on the Salt River,
and a few other smaller developments, aggregate
roughly two million kilowatts of installed capacity.

In irrigation development, some two million acre-
feet of water are depleted in the Upper Basin as

*Project Development Engineer, Bureau of Reclamation,
Albuquerque Office, Albuquerque, New Mexico
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compared to seven million acre~feet in the lower
Basin. Likewlse, the Upper Basin has about two
million acre-feet of gtorage developed as com-
pared to thirty-seven million. in the Lower Basin.

Bureau of Reclamation projects provided the basis
for Lower Basin development. Construction of Hoover
Dam provides conirol of fioods, and permits releases
as needed for power development, municipal purposes,
and irrigation of lands in the Lower Cclorado

River, Imperial, and Coachella Valleys. More

than a dozen cities in the vicinity of Los Angeles
get their domestic water:supply from the Colorado
River Aqueduct. Most of:the project costs are

paid from firm power, and, the vast industrial
expansion of the Pacific southwest has been made
possible by low-cost dump power from Hoover Dam.-

Division of Water

1.

The Colorado River Compact, s igned November 24,
1922, apportions the waters of the Colorado

River system between the Upper and Lower Basins. -
It provides that the Upper Basin States, Colorado,
New Mexico, Utah, and Wyoming, will not cause

the flow of the river at Lee Ferry to be depleted
below an aggregate of 75,000,000 acre~-feet for any
period of 10 consecutive years.

The Compact also provides for a division of the
surplus waters--those in addition to the 15,000,000
acre~feet average that was allotted--after QOctober
1, 1963, '

There is not complete agreement among the States
regarding the interpretation of the Compact and
its associated documents (the Boulder Canyon
project Acts, the California Self-Limitation
Act, and the several contracts for the delivery
of water from Lake Mead).

Before approval of the Boulder Canyon Project Act
of 1928, California signed, at the President's
insistence, the Self-Limitation Act which limited
the amount to be used by California to 4,400,000
acre~feet.
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The Upper Colorado River Basin Compact, signed
October 11, 1948, allocates 50,000 acre-feet of
water to Arizona, and apportions the remainder

of the avallable water, 51.75 percent to Colorado,
11.25 percent to New Mexico, 23.00 percent to Utah,
and 14.00 percent to Wyoming.

In this Compact, the State of Colorado assents to
storage and diversion of water in Colorado for use
in New Mexico.

Water Supply

1.

3.

In its virgin condition, based on the 1897-1943 record,
it is estimated the Colorado River would have

carried an average of 17,720,000 acre-~feet of

water annually into Mexico. The annual flow

would have varied from about 5,000,000 acre-feet

to 25,000,000 acre-feet. :

Under the Mexican Treaty, Mexico would have re-
ceived about 1,500,000 acre-feet annually, leaving
an average, based on this record, of 16,200,000
acre-feet for consumption in the United States.

Present water uses in the United States are es-
timated to deplete the virgin water supply at the
International Boundary by about 7,120,000 acre-
feet annually, leaving an average of about
9,100,000 to meet future uses.

On the basis of the longer term records now
available, 1897 through 1955, some engineers
believe it may be difficult to deliver 75,000,000
acre-feet at Lee Ferry in each 10 consecutive
years, as required by the Compact, if 7,500,000
acre-feet of depletions occur in the Upper Basin.

Studies have been made of 143 potential projects
in the basin and 20 transmountain diversions.
Development of only the within-basin potential
projects, 6,000,000 acre-feet; the present
depletion, 7,000,000 acre-feet; and expansion

of present projects, 4,000,000 acre-feet, would
make a total of about 17,000,000 acre-feet of
depletion annually, more water than is available.
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Authorized Projéct

1.

The Secretary is authorized to construct, operate,

- and maintain the following initial units consisting
" of dams, reservoirs, power plants, transmission

facilitles, and appurtenant works; Curecanti,

“Flaming Gorge, Navajo (dam and reservoir only)

and Glen Canyon.

The Secretary must re-examine Curecanti, determine
that it is economically justified, and so certify to
Congress and the President before its construction
can be undertaken. " ‘

The Secretary is also authorized to construct, operate,
and maiata’n the Following 11 participating pro-
Jects: Central Utsh (initial phase), Emery County,

' Florida, Huwzond, LaBarge, Lyman, Paonia, Pine

4

River Extension, Seedskadee, Silt, and Smith Fork.

In further iﬁveétigatidné,:priority“shall be given
to completion of planning reports on 20 participating

' dncluding the following New Mexico projects: San

~ Juan-Chama, Navajo, -and Animas-LaPlata,

Irrigation repayment contracts shall be entered into
-which, except for the Paonia and Eden projects,
- provide for repavment of the obligations assumed

thereunder with respect to any project contract

‘unit over a period of mot more than 50 years ex-

clusive of any development period authorized
by,law._; o .

3N

-As to Indian lands'witﬁin, under or served by any

participating project, payment of construction costs
within the capabiiity of the land to repay shall be
subject to the Leavitt Act,

For a'period'of 10 years from the date of the

authorizing law, no water from any participating
project shall be delivered for the production on
newly irrigated land of any "excess" basic

commodity.
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Basin Fund

1.

3.

The authorizing act sets up a separate fund in the
Treasury to be known as the Upper Colorado River
Basin Fund,

All reimbursable appropriations and all revenues
collected in comnection with the cperation of the
Colorado River Storage project shall be paid into
the Basin Fund and shall be available without .
further appropriation for operation, maintenance,
replacement, or other authorized payments.,

Revenues in the Basin Fund in excess of operating
needs shall be pald annually into the Treasury

to return: (a) the costs of each unit, project or
feature allocated to power, within a period of

50 years; {(b) the costs of each unit, project or
feature allocated to municipal water; (c) interest
on the unamortized balance of the power and municipal
water investment -~ and Iinterest shall be a first
charge; and (d) the costs of each storage unit
allocated to irrigation within a period not exceed-
ing 50 years.

Revenues in the Basin Fund in excess of the amounts
needed to pay operation and maintenance, and to
return the cost of power, municipal water, and
irrigation storage, shall be apportioned as
follows: Colorado, 46 percent; Utah, 21.5 percent,
Wyoming, 15.5 percent; and New Mexico, 17 percent.

The Secretary must comply with the Compacts, the
Boulder Canyon Project Acts, and the Treaty with
the United Mexican States. In the event he fails,
any State may maintain an action in the Supreme
Court of the United States to enforce compliance.

Costs of the Project

1,

The Act authorizes the appropriation of not to
exceed $760,000,000, a compromise figure that may
not have too great a significance in view of

the time element involved in project coanstruction.

Much of the costs allocated to irrigation must be
repaid by revenues from power. An illustration of
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the approximate amount of such repayment by the
initial phase is shown in Table 1.

The amount of revenue available for repayment
assistance and the rate at which it becomes
available depend upon a myriad of variable

factors, including the construction schedule

for both the storage plan and the participating
pProjects, as well as the amount of water available
for power production. .-A study made to illustrate
what might occur under one annual construction and
operational schedule gave results shown in Table 2.
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TABLIE 1

. I1lustration of Irrigation Cost Allocation and Repayment Requirements

Allocation to PRepayment by Assistance Required State Total

Project Irxrrigation Irrigation from Power Assilstance
LaBarge 1,506,000 495,000 1,011,000) Wyo. 30,211,000
Seedskadee 20,945,000 4,785,000 16,160,000)

Lyman 9,508,000 2,255,000 7,253,000)

silt 2,954,000 1,020,000 1,934,000)

Smith Fork 3,009,000 1,045,000 1,964,000)

Paonia 6,315,000 2,414,000 3,901,000) Colo. 14,320,0001/
Florida 5,853,000 1,711,000 4,142,000)

Pine River Ext. 4,524,000 2,045,000 2,479,000)

Emery County 8,673,000 3,715,000 4,958,000)

Central Utah . 114,619,000 15,191,000 99,428,000 Utah 104,386,000
Hammond 2,072,000 370,000 1,702,000 N. M. 1,802, 000_1'/
Subtotal 179,978,000 35,046,000 144,932,000

Eden 7,287,000 1,500,000 5,787,000

Navajo 31,765,000 .- 31,765,000

Flaming Gorge 27,810,000 - 27,810,060

Glen Canyon 45,265,000 ——— 45,266,000

Curecanti 79,650,000 - 79,650,000

Subtotal 184,491,000 -e- 184,491,000

Total 371,756,000 36,546,000 335,216,000

i/ 4% of the Pine

Year of

Operation

25
50
75
160

River prcject allocated to New Mexico

TABLE 2

Estimate of Repayment Assistance

Initial Phase

(Thousands of Dollars - Cunulative)

Assistance Available i/
Credits in Basin Fund

Assistance Required !/
Credits in Basin Fund

Total New Mexico Total New Mexico
72,398 12,308 29,002 504
230,998 39,269 85,244 1,404
347,443 59,005 121,035 1,802
582,097 98,956

1/ Exclusive of net irrigation revenues and net power revenues available

from participating projects.
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San Juan~Chama Project

Present Status

1. A project report, recognizing the informal comments
received from the States of Colorado, Texas and
New Mexico, has been completed and sent to the
Secretary of the Interior with the recommendation
that he forward it, together with the report of
the proposed Navajo Indian Project, to the
Governor of New Mexico for resolution of certain
policy questions.

Plan

1. The imported water would be used in the Rio Grande
and Canadian River Basins as follows:

Supplemental irrigation ...,...v.....136,700 A.F.
Tributary units........39,800
Middle Rio Grande
Conservaney...,.....,25,000
Elephant Butte Irrigation
District..ciavienee.a 71,900
Municipal and industrial water supply.55,800 A.F.
Replacement of miscellaneous basin
depletions..,eevvrecccnnronrasceen.s 42,500 AF.
Total 235,000 AL,F.

2. The plan conforms to the limitations of the auth-
orizing act and involves (a) the collection and
diversion features in the San Juan River Basin
consisting of three storage dams, five diversion
dams, and about 48.93 miles of main conduit;

(b) the regulation and storage features consiste
ing of Heron No. 4 dam and reservoir on Willow
Creek; and (c) the water-use features providing
for use of imported waters as follows: (1) new
depletlons by 45,145 acres in tributary areas,
(2) supplemental water for 81,610 acres in the
Middle Rio Grande Conservancy District; (3)
supplemental water for 98,700 acres in the
Elephant Butte Irrigation District; (4) add-
itional municipal water for Albuquerque; and
(5) replacement of basin depletions amounting
to 20,000 acre-feet annually for watershed im-
provement programs and 15,000 acre-feet of
pumping, plus losses of 7,500 acre-feet.
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Construction Costs

Navajo Dam Allocation . . s « v o v v » o ¢ o o o o » o8 800,000
Pagosa Division . « ¢ o v ¢ ¢ s o 4 s ¢ 2 4 s 0 s 0 o0 103,708,000
Lobo Dam and Reservoir . . . . . . 10,307,000
Tesoro Dam and Reservoir. . . . . . 9,044,000

Blanco Dam and Resexvoir . . . . . 9,060,000
Diversion Dams (5) « « « « « « o & 653,000
Condults . o v « o o = s s « + o o 74,205,000
Permanent Property . . « « + + o o 439,000

Rio Chma DiVision L] » - L] - * » L] - > » - » L] - L] L] - 8 ;254’.‘000
Heron No.4 Dam and Reservoir. . . . 7,680,000
El Vado Outlet Works . . + + « « - » 574,000

Rio Arriba DIvision « « o o o « o o o o o« v o o s o o o 21,937,000
Cerro Unit . . ¢ v & o o o & o o 5,377,000
Taos Unit + + « o « o« « o 5 » » o« « 11,692,000
Llano Unfit « +» « o « « & « o » + » « 1,748,000
Pojoaque Unit . . . « o « « « & » « 1,567,000
Cimarron Creek Unit . . . . + . . . 1,553,000

Recreational developments v s e e e e s s e e e e e 360,000
Stream measurement FACIlitles « v v ¢ b 0 v e w0 ow e 110,000

Total construqtion expenditure . . 4+ . . o . $135,169,000

Interest during comstruction on municiapl and
industrial water COStE « o+ « o« + o o o ¢ o o 4 4 o oo 0» 728,000

Total cdnéttuction costs $135,897,000

Allocations and Repayment
Allocation of construction costs

Non-
Total reimbursable  Reimbursable Repayment:
Irrigation $87,531,000 $ 87,531,000 $21,290,000
M&I water 27,503,000 27,503,000 27,503,000
Basin depletions 20,393,000 20,393,000 6,600,000
Recreation 360,000 $360,000 - = . -
Stream measurement 110,000 110,000 - - - -
Colorado R.Basin Fund ~ - - - - - 80,034,000

Total $135,897,000 $470,000 $135,427,000 $135,427,000
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Irrigation
Rio Arriba Division

Cimarron
Cerro Taos Llano Pojoaque Creek
Irrigable area (acres) 11,820 20,550 5,690 2,440 4,645
Consumptive use requirement
(acre-feet per acre) 1.95 2.06 2.38 2.30 1.97

Average annual diversion
requirement (acre~feet
per acre) 2.24 2.46 3.77 2.72 3.03 .
Average annual payment '
capacity (per acre per
year) $7.18  $7.11 $11.43 $11.54 $13.36
Amortization capacity
available for payment
of San Juwan-Chama Project
costs (per acre per year) $4.16 $4.31 $2,19 $8.92 $5.89
Project O&M costs (per
acre per year) '
Joint works $0.80 $0.57 $1.65 $0.32 $1.62
Unit works : $2.22  $2.23 $4.06 $2.30 $2.67

Rio Medio Division

Water right lands (acres) ' ' 121,680
Irrigable area (acres) 81,610
Consumptive use requirement (acre-feet per acre) 2,37
Average annual crop irrigation requirements (acre~feet per acre) 2.03
Average annual payment capacity (per acre per year) $10.05
Amortization capacity available for payment of San Juan-Chama

Project costs (per acre per year) $0.61
Project Q&M costs (per acre per year) ‘ $0.30

Rio Abajo Division

Irrigable area (acres) 98,700
Average annual farm delivery requirement (acre~feet per acre) 3.35
Average annual payment capacity (per acre per year) $20.70
Amortization capacity available for payment of San .Juan-Chama

Project costs (per acre per year) ‘ $1.79
Project O&M costs (per acre per year) ~ $0.71

Municipal and Industrial Water Supply

Deliveries to Albuguerque, New Mexico, assumed to be 6,000

acre-feet per year initially, and 50,000 acre-feet from 1990 on.
Average annual water charge per acre-foot delivered. (based omn

a uniform rate over a 50-year period with 2-% percent interest$29,50),
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Ground Water: 1Its Importance to the Economy
of New Mexico

By
C. 8. Conover*

It goes without saying that water and its availability
are one of the principal factors in the expanding economy of
New Mexico. However, it is not so well recognized or known"’
that ground water, as well as surface water,plays a major role -
in the economy. Also, in the long run, the most efficient use
of our water resources will require increasing attention to the
interrelation of surface and ground waters and their development
as an integrated water supply.

An estimate of the water use in New Mexico for 1955 shows
that ground water is used for irrigation on about 66 percent of
the irrigated land, or on about 576,000 acres of a total of 873,000
acres. About 13,000 acres of the 576,000 are iands normally
furnished surface water but which now are furnished ground water
also. Usually it is considered that ground water, when applied
to lands normally furnished surface water, is supplemental to
the surface water supply. However, because of drought and the
interrelation of the waters, such is not always the case. For
example, in the Rincon and Mesilla Valleys on the Rio Grande,
where until about 1948 groundrwater lrrigation virtually did not
exist, there were in 1955 some 1,700 irrigation wells which
furnished all but a few inches of the total irrigation supply.
At present, therefore, in the Rincon and Mesilla Valleys the
surface water applied to the frrigatéd lands is supplemental to
the ground-water supply. This sittation calls for more than a
casual consideration of the pumping of ground water, as it will
~have far-reaching effects on both the economy and the nydrology

of the area.

The importance of ground water to New Mexico is further
emphasized by the fact that, of the total quantity of municipal
water used, 92 percent comes. from wells, The 92 percent 1s used
by 87 percent of the population that is furnished public water,
That the proportion of ground water used 1ls greater than
the proportion of the population using ground water is
interesting, for it means that--contrary to the situation in many
other States-- the per-capita use of ground water from
municipal systems is greater than that of

* District engineer. Ground Water Branch, U. S. Geological
Survey, Albuquerque, New Mexico.
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surface water. This is because many of the touns using .
surface water are located where they have access to streams -
having only 1limited flows, and also because most of the . )
towns .using surface water are in the northern part of the
State where the climate is cooler. Where possible some

towns that normally use surface water, suich as Santa Fe,

have drilled wells as a supplemental supply. It is in-
teresting to note that in 1955 Santa Fe used nearly twice

as much ground water as surface water, thereas prior to about
1951 only surface water was used. Albuquerque, the largest
city in the State, pimped about 26,000 acre-feet of ground
water in 1955, an amount sufficient to irrigate 10,000 acres .
of farmland or to flood the area within the city limits to

a depth of about 8 inches. Presently, though municipal use =
of water is large, it represents only atout 5 percent of

the water use in the State. ’

: The third important use of water is for industry, al-
though present industrial use of water is only about 1 per-
cent of the total ‘water use in the State. Industrial use }
now is confined primarily to the refining of -petroleum and

-potash. The need and value of water for industry is emphasized

by  the potash mines in the vicinity of Carlsbad; there pipe-
lines as much as 35 miles in length have been laid from the
potash refineries to the High Plains in lLea County to obtain

.adequate quantities of fresh water. In addition, appreciable.

quantities of the saline ground water available locally are
used for certain processing. The estimated use of water i
in New Mexico in 1955 is given in-table 1.



Table 1.--Summary of estimated water use in New Mexico, 1955

Irrigation ~ . Acres - 'fercént Ac.-ft/yr Mgd.
Ground water and surface 131,000 ,u;;  15 : - -
water L . h : .
Ground water 445,000 51 1,350,000/ 1,200
Surface water e 293,000 33 778,000 6942
Sewage i ' 4,000 A=) - 12,000 1145/
Total 873,000 100 2,140,000 1,905
Municipal Population Percent , Mgd Percent
Ground water 3/ 505,000 87 94.6 92
Surface water 15,000 313 _8.6 8
Total : 580,060 100 103.2 100
Industrial , - Fresh Saline Total
ed) wgd) (mgd) Percent
Ground water - 17.3 . 3.7 _ 21.0 79
Surface water ’ : _1.5 ' 4.2 5.7 21
Total - 18.8 : 7.9 26.7 100
Sunmary Ground water Surface water Total
~(mgd) (med) - (mgd) Percent
Irrigation 1,210 : 695 1,905 94
Industrial 21 6 27 1
Municipal - 95 8 103 -
Sub Total 1,326 709 2,035 100
Rural 9 1 10
Total (State) 1,335 710 2,045
Percent 65 35 100

/ Including that supplemental to surface water.

i e

/ Estimated 10 mgd ground water, 1 mgd surface water.

| w
.

Includes government installationms.
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The value in dollars and cents of ground water to

New Mexico is difficult to assess. Without ground water,
the population of the State probably would have become fixed
long ago at a level lower than at present, However, for
talking -purposes, it may be assumed that irrigation water is
worth $10 an acre-foot, wmunicipal water 25 cents.-per 1,000
galions, and industrial water 50 cents or more per 1,000
gallons. The latter figure is set high because-of the high
cost of getting water for some of -the principal industrial
users. In other terms, the water is worth about 0.7 cent.
per ton, 6 cents per ton, and 12 cents per ton for the three
uses, respectively. Water is still our best buy. Using .
the above flgures, the present annual value of ground water
to New Mexico is $13,500,000 for irrigation; $8,600,000 for
municipal use, and $3,800,000 for industrial use, a total

of about $26,000,000. ~ L

The present use and value of the ground water to.
the State are only a part of the picture that must be known
before the potential value of this resource to the economy
of the State can be appraised. A study of the increase in
development in the past, coupled with evaluation of its
effects on the water supply; an inventory of the volume of
ground water in storage and of the recharge to and discharge
from this supply; and additional knowledge of basic hydro-
geologic principles are needed to appraise the ground-water
potential-of the State. Needless to say, in such a large
State with such a varied geologic and hydrologic environment,
an accurate answer 1s difficult to obtain and in addition
requires appreciable time. Also, as the availability of
water and the need for it vary with time, owing to changes
in precipitation and demand, all estimates are subject to
continued reappraisal.

Collection and appraisal of basic information on
the Nation's water resources are one of the responsibilities
of the U. S. Geological Survey. Studies of the- ground-water
conditions in various areas of the State are being made in
cooperation with the State Engineer, the New Mexico Bureau
of Mines, various counties and municipalities, the Depart-
metit of Defense, and other Federal agencies. The program
with the State Engineer consists of evaluation of the ground-
water resources, generally in irrigated and other areas where
water demands are appreciable. The program with the New
Mexico Bureau of Mines, in which the State Engineer also
is a participant, consists primarily of areal investigations
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of the occurrence of ground-water, generally on a county
basis. Presently 37 ground-water studies are being con-
ducted in the State by the. Survey. :Those studies in
cooperation with the State .agencies are listed in table 2.
Additional studies will be staxted as others become com-
pleted. The scope of the studies ranges from short re~
connaissance investigations of the occurreace of water, such
as at Crow Flats, Otero County, through general county or
basin studies to intensive evaluation of special problems
such as the feasibility of diwverting brine inflow from
the Pecos River at Malaga Bend south of Carisbad. Re-
ports on ground-water studies prepared by the Geological
Survey are released to the public in the open file and
published by the State Engineer, the New Mexico Bureau of
Mines, or the Geological Survey itself,

As a sign of the tlmes, it is of interest to
point out the two studies being made to determine means of al-
leviating salinity conditions, east of Roswell and Malaga
Bend, Also, investigation of the availability of non-
potable water in an area in the Tularosa Basin 1s being
made for the Department of Defense, and .a general report
on the saline waters of New Mexico is plarnn=d next year.
The latter report will summarize the availability of
saline water as a resource for use as is or for conversion
to potable water by methods now: under study as a part of
the Interior Department's Saline Water Conversion Pro-
gram. .
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Table 2.--Cooperative ground-water studies by the Geological

Survey in New Mexlco, 1955-36

Study

Cooperating agency

Water levels. and artesian pressures in
observation wells in New Mexico

State Engilneer

Ground-water conditions in the Animas Valley
Hidalgo County, N. Mex.

State,Eugineer

‘Geology and ground-water résoutces of
Torrance County, N. Mex. L ‘

Bureau of Mines and
State Engineer

Geology and water resources of the Santa
. Fe area, New Mexico. .

Bureau of Mines and
State Englineer

Feasibility of diverting brine inflow aiong :
Malaga Bend of the Pecos River and disPosn'

ing of it by evaporation in a nearby
depression,»Eddy County, N. Mex..

Pecos River
Commission

Geology and ground-water conditions in the
area between Lake McMillan and Carlsbad
Spring, Eddy County, N. Mex.

Pecos River
Commigsion

Occurrence of saline water in:the San
Andres limestone east of Roswell, Chaves
County, N. Mex.

State Engineer and
Pecos Valley Arte-
sian Conservancy
District

Cround-~water condlitions in the structural
basins west of Tucumcaril, N. Mex.

State Engineer,
Bureau of Mines and
city of Tucumcari

Progress report on ground-water resources
of northexn lLea County, N. Mex.

State Engineer

Geology and ground~water conditions in

Biivreau of ¥ines and
State Engineer

southern Lga County, N. Mex,

Progress report on ground-water resources
of Mimbres Valley, Luna County, N. Mex.

State Engineer

Ground-water conditions in the Playas Valley
Hidalgo County, N. Mex.

State Engineer

Geology and ground-water condltions of Grants-

Bluewater area, Valencilia County, N. Mex.

State Engineer
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Table 2.--Cooperative ground-water studies by the Geological
Survey in New Mexico - Continued

Study

Cooperating agency

Geology and water resources of
the Carlsbad area, Eddy County,
- N. Mex,

City of Carlsbad and
"State Engineer

Geology and ground-water resources

Bureau of Mines and
State Engineer

" of Quay County, N.Mex.

Geology and ground-water conditions
in Grant County, N. Mex,

Grant County Comm,
and State Engineer

Geology and water resources of
__Guadalupe County, N. Mex.

State Engineer

Progress report on Chaves-Eddy County
Ground ~water Basin, N. Mex.

State Engineer :

. Water resources and geology of the
Hondo Valley, Lincoln County, N.M.

State Engineer

Reconnailssance of ground~water condi-
tions in the Sunshiue Valley area,
Taos County, N. Mex.,

State Engineer

Geology and ground-water occurrence
in the Galiup atea, McKinley
County, N. Mex. .

- City of Gallup and

.~ State Engineér’

Geology -and ground-water reso@rces.
of the Albuguerque area, N. Mex.

City of Albuquerque
_and State.Fngineer

Groﬁnd—water conditions in the'McMillan

delta area, Eddy County, N. M.

Pecos River.
Commission

Geology and ground-water conditions
In eastern Valencia County, N.M.

Bureau of Miues_aqd,,
State Fngineer

Hydrologic atlas of northern Lea
County, N. Mex. .

" 'State Engineer

Reconnalssance of ground-water condi-
tions in Crow Flats area, Otero
County, N. Mex.

‘State Engineer
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One of the important programs with the State Engineér
is that of continuing evaluation of changes in ground-water
storage as representéd by changes 1n water levels in obser--
vation wells. At present water levels are measured annually
in some 1,700 wells in 18 main areas of development. ' Such
records, however, are not now being obtained in some important
areas--for example, the Rincon and Mesilla Valleys.

The amount of land irrigated by ground water in New
Mexico has increased appreciably in the last few years, from
about 140,000 acres in 1940, to 320,000 acres in 1950, and
to about 576,000 acres im 1955. Ground-water irrigation is
practiced in about 20 major areas. Part of the increase, ’
some 130,000 acres since 1940, represents lands previously
served exclusively by surface water, such as those in
the Rincon and Mesilla Valleys and some in the Carlsbad area.

Much of the ground-water development has occurred in
areas where the recharge is small, such as the High Plains
of Lea and Curry Counties, the Mimbres Valley near Deming,
and the Animas Valley southwest of Lordsburg. However, the
volume of water contained in ground storage in these areas
is very large, and development over a long period will be
possible if this valuable resource is used wisely and
efficiently. For instance, fairly reliable information
indicates that some 25,000,000 acre-feet of water is
stored in the Ogallala formation in Lea County., The
hydrologic conditions in Lea County are such that essentially
all water pumped is taken from storage. At present most
water in Lea County is being used for irrigation. Appreciable
development for irrigation began in 1948, and to date water
levels have lowered about 25 feet locally where pumping
is concentrated. However, in areas distant from pumps,
water levels have declined only a few feet. Because of the
slow rate of movement of ground water, long-term develop-
ment is favored by conservative pumping which allows time for
water to move from distant areas to the pumped wells. Under
present controls established in Lea County by the State
Engineer, a winimum safe 1ife of development of 40 years
appears assured. Increased conservation of water, and in-
creased industrial use of water, would maintain the economy
at a high level for many years.

In contrast to areas where water essentlally is being

mined, there are certain areas in the State, particularly along
the Rio Grande in places such as the Rincon and Mesilla '
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Valleys, where ground-water reservoirs are or can be
replenished from surface-water supplies. 1In such areas
efficient utilization of the ground-water resource revolves
around tﬁé'loﬁgeterm availability of surface water taking

into accouht’thé need of downstream users, t he capture of
water being wasted by native vegetation, and maintenance of
soll-moisture salinity at a safe level. 1In other words, in
such stream valleys the total water supply must be considered
as a unit, ground water plus surface water. Full integration
of the ground-water and surface-water use in stream valleys
apparently could increase measurably the. amount of water
dependably available for beneficial use. -The ground-water
reservoir in"tpe-Rio Grande Valleyyis:vegy large when compared
with present surface reservoirs constructed. in‘ the State.

For instance, in’ the middle Kio ‘Grande Valley, it is'estimated
that nearly half a million acre~feet of ground water 1§
stored within 100 feet of the surface under each area of
valley floor eggi?a;gut to a township (36 square miles);

in other words, there is more water stored under 5 town-

ships than can be stored in Elephant Butte reservdif..upﬂer-
ground storage generally has the advantage of being relatively
immune to direct evaporation losses, a major item in'surface
reserveirs in this dry country. Because of the large under-
ground- storage, utilization of the ground as a regulating
reservolr would result in a firmer supply, during droughts,
than could be obtained through man-made surface resecvoirs
alone. .

Full utilization of the ground-water.reservoir in the
Rio Grande Valley 'would result in am appreciable lowering of
water levels during droughts. This would. have a three folg
effect: (1) waste of water by water~loving plants would
be measurably reduced, resulting in an effective increase

in water supply;  (2) the quality of the .ground water would
deteriorate temporarily, owing to cessation of drain flow;
and (3) nearly all water users would of necessity use ground

water to secure a dependable water supply., . -

In considgging'the water potential of the State,'men;ion
is made many times‘of the total precipitation as a measure of
potential water supply. Using 13.9 inches_.as the average .
precipitation for“the State, it might be stated .that the |
potential water Supply is 90,000,000 acre-feet. .lowever, the
real potential is only a very small fraction of this, as
evapotranspiration must take its toll. If it.were nuot _
for the fact that prcipitation comes”mginly in showers of .,
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short duration -and in snow, evapotranspiration would claim all the
precipitation, We must therefore content ourselves with essentially
the water that appears as runoff to the streams and as recharge

to the ground-water bodies. This amount is only a small fraction
of the precipitation, on the order of 5 percent. Of this amount,
nature takes a further toll in the form of evaporation from streams
and surface reservolrs and evapotranspiration from areas of shallow
water table where dense growths of native vegetation exist. The
remaining 95 percent includes the soil moisture that benefits
mankind by maintenance of range, forest, and cropland. There are
two main areas in New Mexico where large areas of native vegetation
exist, the delta areas of Elephant Butte Reservoir and McMillan
Reservoir. The Bureau of Reclamation has spent considerable

sums in salvaging water in the Elephant Butte delta by construction
of a river channel and drains. The Pecos River Commission is
proposing a similar project in.the McMillan delta to salvage

about 25,000 acre-feet of water annually. - Further, in considering
the water available for development in the State, allowance must

be made for downstresm users such as Texas and Arizona.

Considering the future, it has been estimated that the
population of New Mexico will increase by more than 50 percent by
1975. The need for water will undoubtedly increase by a greater
percentage, as the tendency is for continued increase of per-
capita use of water. Though our water supplies are limited and
generally are fully utilized at present, the future is not exactly
bleak. Much can be done and undoubtedly will be done to assure
the continuing availability of water. Solution to many of the
water problems revolves around economi¢s., As water becomes
more scarce, it becomes more valuable, and certaln conservation
and developmental measures can be undertaken in the future which
at the present may be uneconomical. Measures that need to be
considered in evaluating and providing for our water supply in
the future are: Reduction of nonbeneficial use by native vege-
tation, such as in the middle Rio Grande Valley and along the
Pecos; conservation of present supplies by increasingly efficient
use of water, such as by using closed conduits in irrigation;
utilization of nonpotable water for certain industrial processes,
such as water flooding of oil fields; reclaiming waste waters
such as sewage in certain areas for other uses; substitution of
low-water-requirement industries for irrigation in some areag;
utilizing additional water supplies, such as water from the San
Juan and ground water in areas presently undeveloped; utilizing
underground storage to conserve surface waters; and conversion
of saline water for municipal and industrial use. There also re-
main the possibilities, which as yet are only remote, of artificially
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increasing the precipitation and increasing the percentage of
runoff,

Solution to these problems will not come easily or in a
short time and will require a consistent, continuous effort to
collect and interpret water facts. Further, effective solution
will depend upon concentrated effort on the part of many agencies
and individuals, actively supported by the public.
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STREAMFLOW INVESTIGATIONS OF THE U, S,
GEOLOGICAL SURVEY IN NEW MEXICQ

By
Wallace T. Miller*

The water resources investigations conducted by the
Geological Survey are made by authorization of the Congress
under the organic act of 1879, Since 1894, Congress has
annually appropriated funds for investigating the water
resources, and since 1902 each appropriation bill has had
in it the following:

".....for gaging streams and determining the water
supply of the United States, lnvestigating underground
currents and artesian wells, and methods of utilizing the
water resources', : :

Since 1929 the appropriation acts have provided that”’
a part of the appropriation shall be made available for
matching on a 50-50 basis the cooperation offered by Statés

or municipalitieg for'general‘water’resources‘investigationé. :

The watexr resources investigations of the Survey are
conducted by the Water Resources Division through its three
operating branches «~ Surface Water, Ground Weter, and
Quality of Water--and the Technical Coordination Branch,

a staff branch. - S

The Surface Water Branch collects, complles, analyzes, -

and evaluates basic data relating to the source, quantity,
movement, availability for utilization, and hydraulic and
hydrologic characteristics of the nation's streams and
other surface water resources. :

In New Mexico there are 178 gaging stations operated by
the Geological Service located on streams, canals and
reservolirs; These stations are operated for or in coopera~
tion With:thq following agencies: ’

Soil Conservation Service = = =~ = = w = w - 1
‘Bureau of Reclamation = = = = = = w o o« -23
Corps of Engineers = = » = « = « « - = =1f
Fish and Wildlife Service == = = = = - - -h
Bureau of Indian Affalrs = = = = = v = = . -7

* District Engineer, Surface Water Branch, U. S. Geological
Survey, Santa Fe, New Mexico.
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State Engineer of New Mexico and

Interstate Streams Commission = « = -- - 104
Rio Grande Compact Commission = = = = « = 10
Costilla Creek Compact Commission ~ = = = 14
Pecos River Commissfon = = = = « « = = - . 15
U. S. Federal Base Stations « = = =~ = = =17

Total =« = « « - 211

The difference of 33, between 211 and 178, 1is accounted for
by the fact that a number of gaging stations receive partial
support from more than one agency. :

In addition to the operation of these gaging stations
the New Mexico Surface Water District is engaged in four
other related projects,

1. Compilation and evaluation of records

This project involves reviewing, revising, filling in
gaps, and summarizing and publishing all available streamflow
records through the water year 1950 in one volume. It has
been a tremendous project, in that early discharge records
have been reviewed in the light of modern repurting standards.
Records collected by other agencies but not previously pub-
lished by the Survey have been included after having been re-
viewed. Part 9, Colorado River basin, was published in 1954;
Part 7, Arkansas River basin, has recently been received from
the printer. Part 8, Western Gulf of Mexico basins, of
which the Rio Grande is a part, is being reviewed at this
time. The review for the New Mexico portion will be com-
pleted zbout two years from now, but it is not known when
the printed report will be available. These compillations
will save a tremendous amount of time of those who use the
data.

2. Flood-frequency analvyses

This project involves the compilaiion of annual peak
discharges and the computation of the probeble fresquency of
occurrence of discharges of various magnitudes. These studies
will prewvide flood~Zvuguency data useful in the design of
highways, bridges, deme, and levees, and in determining the
feasibility of establiishing residential, farming or industrial
activities within a f£lood plain. By these studies it will
be possible to predict losses from flooding as well as to
provide data for adequate designs, and at the same time ensure
that overdesigns may be avoided.
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This district's part of the Colorado River basin report
has been completed; our part of the Canadian River basin has
been computed and is now being checked. The Rio Grande. and
Pecos River basin studies probably wiil not be started for two
years, although some work will be done in connection with the
compilation report. o

3. Highway program

This project is operated in cooperation with the Bridge
Design Section of the State Highway Department and consists of
the operation of 75 crest-stage gages, indirect determination
of peak discharges, reports on the magnitude and frequency
of f£loods, and site reports on hydrologic and hydraulic
characteristics of stream channels. The basic data collected
and the studies made under this program will ensure sound
planning and economical design of bridges and culverts.

The cost of these studies is small when compared to the overall
cost of the bridges and culverts; savings resulting from.

more economical designs based on the information obtained

will more than pay for the program.

4. Drought Studies

The Surface Water Branch is engaged in a study of the
drought that persists in the Southwest and is preparing a
report on it. This work is being done in Tucson, Arizona,
by a staff engineer. :

The question often is asked, "Why continue operating
gaging stations? Won't three, five, or ten years of record
suffice? A good answer is, "If you were a farmer or fruit
grover in an area subject to killing frosts, would you say
that five to ten years of weather records would be all you
need?". ' ' '

Water is our most important natural resource. It is
a unique resource - and fortunately so - in that it is a
renewable resource. But replenishment varies from time to
time and from place to place. In some areas the supply re-
celved in any one year may be insufficient to meet.the
demands, while in others too much is received. B

Because of the variations in streamflow, the value of
a program depends to a large extent on the continuity and
adequate areal coverage of basic field observation. Because
of time variations in streamflow, a gaging-station record.
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becomes progressively more valuable as it increases in
length. When a long record is interrupted, even for only
a few years, it loses a great deal of its value, for during
that period floods or droughts might occur that would pass.
unmeasured. Records of extreme occurrences are of great
importance to engineers designing or operating water-works
facilities, Because of areal variations in streamflow,
proper distribution of stream~gaging stations is necessary.
Runoff is influenced by factors such as topography and
geology. They are basin characieristics and do not vary
with time, but may vary greatly from one basin to another.

Flood-frequency studies show very clearly that records
of 50 or 60 years cover too short a period of time to be
used with certainty to predict the recurrence Interval for
100 or more years. Often in such studies a peak discharge
will plot high in discharge, indicating that the recurrence
interval is much greater than the period of record. A
streamflow record 10 years long may contain a 50-year, a
100-year, or even a greater flood. When gaging-station
recoxrds are analyzed on an areal basis, results will
allow prediction of the 50-year flood with acceptable
accuracy. '

‘Residents of the Mesilla Valley are vitally interested
and concerned with the flow of the Rio Grande, Figure 1
(refer to hydrographs) shows the annual runoff in thousands
of acre-feet of three stations on the Rio Grande for the
period 1931 to 1955. The lower one (Black) is for Lobatos,
which shows the inflow to New Mexico; the upper (blue)
is for Otowi, which is the inflow station for the Middle
Valley and the index for scheduled deliveries to Elephant
Butte; the third, or center (red), is for San Marcial, The
difference between the hydrographs for Otowi and San Marcial
reflects the use of water between those two points. The
runoff at Otowi was greater than downstream at San Marcial
in all years shown on the graph except the two high years
1941 and 1942,

The 5~year moving average for each station 1ls super-
imposed on the hydrograph. This moving average smooths
out extrems annual vatiations and indicates trends more
clearly than the conventional hydrograph. 'The second chart
(fig. 2) shows the ratio of the 5-year moving average to
the average or mean for the same period; 1931-35. It
emphasizes the fact that lower flows have prevalled since
1943 than during the l2-year period 1931-1942,
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The third chart (fig. 3) is a mass diagram, or mass
curve, of the annual runoff at San Marcial for the same
period. You will note the effect of the high years of
1941 and 1942, and that since 1946, except for a respite
in 1948 and 1949, the runoff has been below average, being
particularly noticeable since 1950.

The fourth chart (£ig. 4) shows the difference between
Precipitation and runoff on a high, rugged wooded drainage
area and one at a lower elevation with less vegetation and
much less rugged terrain. All factors have not been considered
but the chart does show that the unit runoff per unit of
rainfall is much higher from .a mountainous area.

We all agreethat the demand for water is increasing.
The best estimates available are that 200,000 m.g.d. are
being used in the United States. This is an average of
about 1,200 gallons per day for each man, woman and child.
It is estimated that the total use will amount to about
350,000 m.g.d. in 1975, Of this amount, 215,000 m.g.d.
will be used for industry, 110,000 m.g.d. for lrrigation, and
25,000 m,g.d. for municipal and rural water supplies.
Supplemental irrigation by pumping directly from streams
and’ shallow wells in the normally humid eastern and southern
portion of the country has increased three-fold since 1940.

Available water supplies may be increased by constructing
moxe surface-water reservoirs to impound flood flows which
now caanot be used; transporting water from areas.with a
surplus to areas of scarcity; improving irrigation practices
50 as to use water more effectively and economically; water
salvage measures guch as the elimination or reduction of
non-beneéficlal use areas; reduction of poll@ticn; greater
‘reuse of water, which may mean that some méasures must be
taken to reduce the salinity; use of air to air cooling
instead of the commonly-used water to air systems which waste
a large amount of water even when recirculated.

The ultimate development of the water resources of a
basin requires the cooperation and coordination of all
interests. It cannot be done successfully by any one agency.
The problem of each area must be considered independently of
other sectinns of the country and the overall program ad-
justed to the particular needs of that area in the light of
its own present and future problems. Such a comprehensive
program can be successful only if local intereste, through
their proper agencies, can have a voice in planning such a
program.
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THE WORK OF THE CORPS OF ENGINEERS

IN NEW MEXICO
By

Robert C. Woodson*

The work of the Corps of Engineers in New Mexico involves
both Civil and Military installations. For the purpose of this
seminar the discussion will be limited to the Civil Works pro-
gram, .

The Civil Works program is primarily concerned with water
resources development. It 4s comprehensive in scope. The
principal activities in the State of New Mexico relate to
flood and sediment control, major drainage, water conservation
for domestic, industrial, and irrigation use, pollution abate-
ment, fish and wildlife conservation, and recreational develop-
ment of multiple-purose reservoirs constructed for f£lood con-
trol and allied purposes., Navigation is not considered feasible
in the State. These functional activities are coordinated with
the work of other Federali, State, and local agencies carrying
out related programs to avoid any unnecessary duplication of
work and to insure that the improvement proposed will satisfy
all needs to the fullest extent.

One of the primary responsibilities of the Corps of .
Engineers is to initiate emergency action before and during
floods,whether of a localized nature or of major national
concern, especially when local agencies normally responsible
are unable to cope with the situation. 7The Congress,
through general and special laws, has authorized the expend-
iture of certain funds for rescue work, flood fighting, and
the repair and restoration of levees and other flood control
structures damaged or destroyed by floods. Close cooperation
is maintained with local interests by periodic inspection of
their levee systems to detect possible future failures, and
in addition, maintenance methods.are suggested to improve the
degree of flood protection.

The water development program of the Corps of Engiﬁeers
is logically on a watershed basis, and since New Mexico includes
portions of several different watersheds there are as many

% Civil Planning and Reports Branch, District Engineers Office,
Corps of Army Engineers, Albuquerque, New Mexico
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development programs in the State. The Continental Divide
passes entirely through WHew Mexico from north to south.
About one-gixth of the State is on the western slope of the
Divide, in the watershed ¢f the Colorado River. - ‘This water-
shed is under the jurisdiction of . the Los Angeles District,
which is in the South Pacific Dlvision of the ‘Corps of.
Engineers. The part: of the State east of the Gontinental
Divide is, ali in the Southwestern Division of the Corps of’

Engineers. ‘This part is further divided into-three dlstrgcts;f”*h

The Albuquerque District includes the watersheds of the -
Canadian River and a very small part of the Purgatoire
River, bo;h of which are tributary to the Arkansas. River;

and the Rio Grande and its major, tributary, the Pecos River, 2R

which drain. the entire central portion of the State. ' Also F
included is the small closed basin of the Mimbres River in'
south cenfra1 New Mexico. Tributaries of the Arkansas River,
including the watersheds of the North Canadian and Cimarron
Rivers, lie in the northeast section, and together with L

tributaries of the Canadian and Red Rivers which rise in. ﬁew o

Mexico but which enter.the main stems below the New Mexico-
Texas State line, eomprise that part of New Mexico under the
jurisdiction of the Tulsa District. A relatively:small part
of southeastern New Mexico lies in the watersheds of the
Colorado (Texas) and Brazos Rivers. These watersheds are
under fhe - *urisdiction of the Fort Worth District.

RIO GRANDE WATERSHED

The Rio Grande drainage area above the New Mexico-
Texas State line 1s about- 38, 960 square miles, of which about
31,480 gquare miles lie in New Mexieo “The 'principal . ..
tributaries 6f the Rlo Grande, lying wholly within New. Mexico,:
are the Rio Chama, ‘Rio Galisteo, Jemez Creek, Rio Puerco, .. =~
and Rio Sdlado.: The main stem and tributaries of Rio. Grande -
in New Mexico are either entrenched in deep canyons or are
confined to alluvial valleys that®agy in width from one-
fourth to. four miles, and in length from a few miles to more
than 100 miles. There are three notable valleys along the
main stem: Espanola (upper) Valley, about 30 miles long;
Middle Valley, about 165 miles long; dnd Lower Valley, about
110 miles in length. Within these valleys are some of the
State's most densely populated areas,-including Albuquerque,
Belen, Socorro, Truth or Consequences, and Las Cruces. In-
dustries, tramsportation and communicatioﬂ facilities, and
highly developed agricultural areas are’ a3so concentrated
along the Rio Grande., <

(R
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Over the past years, deposition of large quantities of
sediment brought down by floods on tributaries has caused a
gradual building-up of the Rio Grande channel through the
valley reaches. At the present time in Espanola and Middle
Valleys the stream bed is as high as, and in many locations,
higher than the adjacent valley floor. As a result, the
developad areas in the valleys are subject to damage from
major floods on Rio Grande. Also the accumulation of ‘sedi-
ment in the stream bed has encouraged and promoted the growth
of native vegetation which pirates vast quantities of water.

~ In 1943, the Corps. of Engineers water resources develop-
ment ‘program was initiated in the Rio Grande watershed in
accordance with Section 4 of the Flood Control Act of 1941.
After four years.of intenslve study, in coordination with
the Department of the Interior, Department of Agriculture,
Federal Pover Commission, the Rio Grande Compact Commission,
the States of Colorado, New Mexico, and Texas, Middle Rio
Grande Conservancy District, and other interested Federal
and State agencies, a comprehensive plan was developed
for the basin, The plan of development provided generally
for flood control and major drainage, sediment control, ,
rehabilitation of the Middle Rio Grande Conservancy District,
power development, recreational development, fish and wildlife
development, watershed improvement program, improvement of
Indian lands, and other collateral improvements.

The flood control phase of the comprehensive plan which
was authorized by the Flood Control Act of 1948, provides
for flood and sediment control reservolrs on the Rio Chama
and Jemez Creek; Rio Grande Floodway through the Espanola
and Middle Valleys, including levee rehabilitation and
channel rectification in the vicinity of Truth or Conse=~
quences; and the Bluewater Floodway.

The following is a brief description of the individual
projects, their present status, and relationship to the
comprehensive plan of development,

Project Completed

THE JEMEZ CANYON DAM AND RESERVOIR 1s the first unit to
be completed of the flood comtrol phase of the comprehensive
plan for the Rio Grande basin in New Mexico, which was auth-
orized by the Flood Control Act of 1948. The dam is located
on Jemez Creek about 2 miles above its confluence with the
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Rio Grande, uear the town of Bernalillo in Saiidoval County. }
Bernalillo is 17 miles north of. Albuquérgue. The structure
is an earthfill dam, 780 feet long, rising to a height of

136 feet above the stream bed. -Flood releases are regulated

by a gate-centrolled conduit, 13 feet in diameter. “The

dam is protected agaiust overtopping by an uncontrolled off-
channel spillway 400 feet long, located about & milé to the
south of the dam. An earthen levee sbout 2,900 feet long
prevents backwater: from entering the Santa Ana Indian Pueblo
which i1s near the .upstream end of the reservoir area, The
primary. purpose .of.the project is to provide a reservoir to
trap sediment and for the deteution and regulation -of floods on
Jemez Creek, thereby :aiding in the prevention of flood damages
and aggradation.in the Middle and Lower Valleys of the Rio
Grande. The, reservoir controls the runoff from an area of
about 1,034 square miles. The storage capacity at spillway
crest is about 120,000 acre-feet, 73,000 of which is reserved
for flood control use .and 47,000 for deposition of sediment.

Construction was initiated in May 1950, and completed
in October 1953, The cost of the project was $4,055,627,
which is about $2,800,000 less than the original estimate.
The flood control and other benefits which will accrue to
the flood control phase of the. comprehensive plan; of which
the Jemez .Canyon Dam and Reservoir .is an integral patt,
are estimated at $5;200,000 annually.

Jemez Canyon. Reservoir will be emptied as soon as
practicable after.each flood 'and -as it will be dry 70 per-
cent of the. time; it will afford no opportunity for water-
associated recreational activity. However, an overlook
shelter, .and other public use facilities Including picnic
tables, barbecue pits, and comfort stations have been
provided.. o . a

Project Under Way

THE RIO GRANDE FLOODWAY authorized by the Flood Control
Act of 1948 will be located along three separate reaches of
the Rio Grande. In downstream order, the first reach will
extend through the Espanola Valley, the second reach through
the Middle Valley.from Cochiti to the upstream end of Elephant
Butte Reservoir, and the third reach will be between Elephant
Butte Dam and the upstream end of Caballo Reservoir.

. The project will include rehabilitation and enlargement
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of existing levees and construction of supplemental levees
where necessary. Also, it will include the construction of
levee protection works and chanunel dredging. The ultimate
objective 1s a deeper, stabilized channel that will safely
pass floods that cannot be controlled by upstream reservoirs
and provide a solution to the problem created by the rising
water table throughout the valley.

In accordance with an agreement reached between the
Secretary of the Army and the Secretary of the Interior in
1947, 1t is the responsibility of the Corps of Engineers to
construct and rehabllitate levees and provide the necessary
bank and levee protection works. Channel rectification,
dredging, and the rehabilitation of existing drainage and
irrigation facilities is the responsibility of - the Bureau
of Reclamation.

About 30 miles of the channelization program under the
direction of the Bureau of Reclamation has been completed in
the San Marcial area and planning and some construction is
under way for the remainder.

Construction of the first phase of the Rio Grande Flood-
way, consisting of a system of levees to protect the city of
Albuquerque and its environs, was initiated in May 1954 by the
Corps of FEngineers. This levee system when completed will afford
protection to the city from floods up to 42,000 cubic feet per
second on Rio Grande. The levee will have a total length
of about 27 miles, of which about 18 miles will be built
along the east bank of the river to protect the principal
business and industrial sections of the city as well as a
large segment of the residential district. Another 9 miles
will be constructed along the west bank of the river to
protect an urban and suburban area located on the west side.
The levee will have an average height of 10 feet, a crowm
width of 12 feet, and 1 on 2.5 side slopes. Flexible-type
levee protection works will be provided in the critical
areas that are vulnerable to scour and cutting during
floods. This phase will be substantially complete by
July 1956,

The estimated cost of construction of the levees pro=-
tecting Albuquerque (first phase of the floodway) is $3,529,000,
The average annual benefits expected to accrue to the Albuquerque
Unit are included in the benefits of $5,200,000 which are expected
to accrue annually to the entire flood control phase of the com-
prehensive plan,
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Authorized Projects

. . .
. THE CHAMITA RESERVOIR PROJECT (ABIQUIU AND LOW CHAMIT
DAMS) was authorized by the Flood Control Act of 1948 as a ipd
unit in the flood contrnl phase of the comprehensive plan for -
the Rio Grande basin in New Mexico. The authorized plan ori- .. .
ginally provided for a liigh dam on Rio Chama in Rio Arriba
County, 5 miles upstream'from its confluence with.the Rio
Grande. and about 6 miles northwest of Espanola.: -However, as

a result of additional studies a more economical plan which

will effect a savings of $8,800,000 has been ‘substituted for

the authorized plan. The adopted plan consists of Low Chamita
Dam and Abiquiu Dam.  Low Chamita :Dam will be located at the
site of the authorized high Chamita Dam and Abiquiu Dam, a’

high structure, will be located:ingar the town of Abiquiu on

Rio Chama about 25 miles upstream from the Chamita site.
Together these reservoirs will control 3,126 square miles of
drainage area and will have a‘total controlled storage of
700,000 acre-feet, as contemplated in the authorizing legis~
lation. Since the Abiquiu project is the upstream dam,. it ,
will be constructed first in order to provide the greatest T

initial benefit from the substitute plan. : e

The Abiquiu Dam will control 2,147 square miles of = .’
drainage area or about two-thirds of the total project
drainage area. It will bé an eartufill structure about -
1,500 feet long which will rise 325 feet above stream bed.

It will be the fourth highest earth dam in the world and the
second highest earth dam to be built by the Corps of Engineers. .
Two outlets, one gated at stream bed level and one ungated

at a higher elevation, will be provided in the stucture for
regulation of discharges from the reservoir. The initial
controlied storage below the ungated outlet will be 562,000
acre-feet; however, upon completion of Low Chamita Dam, which
is scheduled for construction after the completion of Abiquiu
Dam, the entrance to the ungated outlet works of the Abiquiu
Dam will be lowered, thereby reducing the controlled storage
from 562,000 acre-feet to’449,000 acre-feet, so that the total
controlled storage in the' two reservoirs will not exceed
700,000 acre -feet. The' uncontrolled storage-gapacity made
available by the modification of the outlet . works of Abiquiu
Dam, after the construction of Low Chamita Dam, wlil béi'«:
utilized for temporary detention of floodwaters which will

be automatically released through the uncontrolled outlet.

The estimated cost of Abiquiu Dam is $13,290,000,
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The Lo. Chamita Dam, with a capacity of 251,000 acre-~
feet, also will be an earth-fill structure. : It will be about
5,700 feet long and rise 153 feet above stresm bed. It will
be operated in conjunction with the Abiquiy Dam foriflood
and sediment control during -flood periods. The estimated
cost of Low Chamita Dam is $14,700,000. ' Co )

The, total estimated cost of the two dams is’ $27,990,000.
Benefits from the two dams will be tealized on Ri¢ Chama and
on Rio Grande.ithtoughout the Espanola, Middle, and Lower
Valleys...By-far, the greatest benefit will accrue in the
Middle Valiey, particularly in the vicinity of Albuquerque,
where high value propetrty subject to flood damage is con-
centrated.. Although damage from spills from Elephant Butte
Reservoir will be eliminated, only a very small percentage
of the total benefits will accrue to the valley dovmstream
from Elephant. Butte Dam. The flood control and other benefits
which will accrue to the flood controk phase of the compre~
hensive plan, of which Chamita Reservoir Project (Abiquiu
and Low Chamita Dams) is an integral part, . are estimated at
$5,200,000 annually. Construction of the:Abiquiu Dam will
be initiated during Fiscal Year 1956. . ;-

THE BLUEWATER FLOODWAY would be located on Bluewater P
Creek- in Valencia County, about 2 miles north of the town of .
Bluewater. This authorized ‘improvement is an element of
the comprehensive plan of dévelopment for the Rio Grande and
tributaries in New Mexico. I

Floods on Bluewater Creek inundate large areas of
valuable agricultural land in the Bluewater-Toltec Irrigation
District, causing coénsiderable damage to rich farmland used
for commercial truck farming. During major f£loods many
acres of land have been totally destroyed by:bank cuttings,

Flood protection would be'ﬁrdvidéd by the construction
of a small earth~fill dam about 8 feet high, which would divert
flood flows through an excavated channel about 8,300 feet long,
and discharge them into adjacent lava beds north of the
irrigation district; A concrete box culvert would be pro-
vided for passing flows under U, S. Highway 66 and the '
Atchison, Topeka and Santa Fe Railway.

The estimated cost of the>project is $323,300, of

which about $75,000 would be the amount required from local’’
interests toward construction of the concrete culvert under
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the highway and railroad, and for rights-of-way and re-
location of public utilities. The avevage annual benefits
that would be derived from the prevention of flood damages
by the construction of the project are estimated to be
about $38,100. '

THE ALBUQUERQUE DIVERSION CHANNELS PROJECT was auth-
orized by the 1954 Flood Control Act to alleviate the flood
condition at Albuquerque, . Severe flooding has been experi-
enced frequently in urban and suburban Albugperque as a
result of flash fibqﬂésin the numerbus,inyermigtegt streams
and artoyos which originate near or on the steep.slopes of ,
the Sandia Mountains east of the city and flow westward across
the highly developed,resid@ntial,and‘businessidgstrictshto
the Rio' Grande.,  The problem s becoming more, acute because . .,
of rapid expansion of 'the ¢ity and the extension of sub~
divisiohs into the tributary flood plaips.

_ The plan of impFovement would provide for the construction

ofﬁfwo‘¥afgeidiﬁers;cn or collection channels and appurtenant
woxks 'tq be located on high grouud east of and, in general,
pardllel to Rio Grandé. One channel would run north, with

a capacity increasing from 5,300 cubic feet per second to
42,000 cubic feet per second, intercept flows from the
aumerous arroyos which enter Rio Grande ndith of U. S. High-
way 66, and divert them.intp Rio Grande throygh a drop
Structure ‘to be -lec ated near Alameda. " ‘THe othér channel
would Intercept, ¥lows from the arroyos which enter Rio

Grande south of U. §. liighway 66. and divert them into Rio
Grande through a drop stucture, and outfall chaurel to be .
located a ‘short distance, from Tijeras Canyon. The flows.. :..
from Tijetas Canyon would be diverted into the latter out- -
fall by means of ‘a short diversion dike and channel. The
capacity of theé south diversion channel would increase from
1,500 cubic feét per second at its upper end to: 5,400 cubic
feet per” second at’ the junction. with the diversion dike from .-
Tijeras Canyon. At that point the capacity would be increased
to 20,000 cubic feet per second to accommodate the combined
flows of the south diversion.channel and Tijeras Canyon
AeryO. L U ST

‘The]divérsibhﬁchénﬁéls‘WOuId.bé:ttépezoidal and would . -
be excavatéd;fqrEéﬁ@utﬂtwoﬁthi:ds of the total depth., The . - -
upper one-third would be formed by levees. The channels would ' -
be paved where necessary with concrete and riprap. Both of .
these channels would provide protection against floods



Considerably greater than have been known to occur. The
dike intercepting Tijeras Canyon is designed to control
floods equal to the largest of record and to afford partial
protection against greater floods.

Local Interests have organized the Sandia Conservancy
District to cooperate with the Federal Government in the
construction of the project, and to construct complementary
works and supervise flood plain zoning as required. The
total project cost is estimated to be $10,287,000, ‘The
Federal share would be $7,500,000, and that of local interests,
$2,787,000, including an initilal cash contribution of $170,000.
Average annual benefits have been estimated at about $1, 199 400.
Preconstruction planning is now under way.

Survey Under Way

RIO GRANDE AND TRIBUTARIES, SOCORRO AND VICINITY., A
review of the report on Rio Grande and tributaries, House
Document No. 243, 8lst Congress, lst Session, with respect
to flood protection at Socorro and vicinity was directed by
the Senate Public Works Committee by resolution adopted
September 8, 1950. The town of Socorro is located on the
west bhank of the Ric Grande directly in the, path of several
tributary arroyos that rise in the Socorro Mountains a few
miles west of the town. Investigations and studies of damages
caused by flash floods on these arroyos have been initiated.
It is estimated that the raport will be completed during
Fiscal Year 1957. o .

Survey'Ahthofiiedf"

RIO GRANDE AND TRIBUTARIES, I.AS CRUCES AND VICINITY. A
further review of House Document No. 243 was directed by the
Senate Public Works Committee by resclution adopted July
20, 1954, to determine if flood protection could be provided
at Las Cruces and vicinity which is also subject to severe
flocding from arroyos and streams tributary to Rio Grande.
Recent requests of local interests at nearby State College
to investigate a similar flood problem have resulted in com-
bing the studies of flood problems in this locality with
those for Las Cruces into a single vreport. Initiation of
this investigation is contingent upon appropriation of
funds,
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Flood Control Operation of Projects
Coustrucied by Qther Agencies

THE PLATORO RESERVOIR PROJECT is located about 80
miles above the mouth of the Conejos River, a tributary
which enters the Rio Grande just above the New Mexico-
Colorado State line. Regulation of £loods on the Conejos
River directly affects Rlo Grande flows in New Mexico.

The Platoro Dam was constructed by the Bureau of
Peclamation and put into operation in September 1951. The
project is a dual-purpose dam and reservoir for flood con-
trol and irrigation, and is designed to control the runoff
from about 40 squave miles of wountainous drainage area.
The reservoir has 2 total storage capacity of 60,000 acre-
feet, of which 54,000 acre—feet is allocated for joint
irrigation and flood control use and the remaining 6,000
acre-feet is allocated for inviolate flood control use.

The joint storage is operated for flood control in accord-
ance with forecasts of runoff computed from precipitation
indices, snow surveys, and other water-shed conditions. The
inviolate flood control storage of 6,000 acre-feet is the
capacity required to control the summer and fall floods.

The project is operated and maintained by the Bureau
of Reclamation; however, operation regulations of the
reservolr for flood control are prescribed by the Secretary
of the Army in accordance with Section 7 of the Flood Con-
trol Act of 1944.

Although Platoro Reservoir has been operated for
flood control only twice, substantial benefits have accrued
to the project. The peak discharge during the May 1952
flood was reduced by about 1,200 cubic feet per second at
the Mogote gage on Conejos River in Colorado, and by about
500 cubic feet per second on Rio Grande at Otowi, New Mexico.
It is estimated that this operation reduced damages by about
$90,000 in Colorado and $50,000 in New Mexico.

PECOS RIVER WHATERSHED

The Pecos River watershed in New Mexico drains an area
of about 23,470 square miles. The principal tributaries to
the Pecos River in New Mexico are Salt Creek, Rio Hondo, Rio
Feliz, and Rio Penasco. The larger towns in the watershed,
Las Vegas, Santa Rosa, Fort Sumner, Roswell, Artesia, and
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Car]sbad .are located in the valleys of either the main stem -
or its tributaries. Y : .

Several municipalitiea, together with about 25,500
acresg. of irrigated cropland, and many diveréion Structures
are located in the flood plains of Pecos River ‘and tribiitaries.
It is estimated that a repetition of floods which have occurred
during and since 1904 would cause damages of about’ $41,000,000
under present conditions of development on the Pecos River and
major tributaries. There are no existing flood control pro-
jects constructed by the Corps of Engilneers in the watershed

There are many diversion and storage dams on Pecos River
and tributqries constructed by others for the purpose of .
regulating ;and utilizing stream flow to provide water for -
irrigation. However,.the supply, generally insufficient
except in time .0f £loods, is a limiting factor to the devel-:
opment ‘0f the watershed. The use of water, and water rights-
have .been the subject of litigation for years, and until
recently, basin wide development of the resource was hampered
by the, lack of egreement between the States on the div151on
and use of waters of the Pecos Piver and trlbutaries.- E “

In 1949, a compact which provides for apportionment of

Pecos River waters and contains provisions to permit and
facilitate full development ‘of "the river became effeétive.
Since that time the Corpb of’ Engineers in cooperation with -
the State and other rederal agencies has carried on an
extensive 1nveatigatiou of probiems ard needs in the water-
shed. At the present time two interim survey reports have
been comp‘eted in accordance with directives contained in the
Flood Control Acts,of 1938, 1039, and 1950, and submitted
to Congress for consideration. As an 1nitia1 step in a plan
of water resources development for the Pecos River watershed,
Congress by the 1954 Flood Control Act authorized the con-
struction of three, flood control 1mprovements in New Mexico:
Los Esteros and Aiamogordo Reservoira pro;ect on the main
stem, Two Rivers Reservoir, Progec; on Rio Hondo, and the
Artesia Diversion Chapnel. These projects are briefly B

escribed in the following paragraphs ol

Authorized Projects

TBE 10S ESTEROS AND ALAMOGORDO PRSERVOIR PROJECT was authe-
orized by the Flood Control Act of 1954 for flood protection
on the Pecos River in New Mexico and Texas. However, the act
provided
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that no appropriations shall be made for constuction until sat-
isfactory arrvangements have been made by the :State of New

Mexico for the transfer of irrigation storage from the: existing‘”i 2

Alamogordo Reservoir tc the authorized Los Esteros Resexvoir

The project provides for Los Esteros Dam to be built on
the Pecos River about 7 miles above Santa Rosa, and for the

modification.of the existing Alamogordo Reservoir. Los Esteros =

Reservolr . would be used for both .drrigation and flood control
while Alamogordo Reservoir would be used for flood control

The main section of the Los Esteros Dam would be of
earth £i11, about 1,865 feet long and would risé 218 feet
above stream bed. In addition to the main dam, a dike would
be built acrqgss.a low saddle-about 4,000 feet .east of the east
or left abutment. . This. sgddle dike would- be 1 420 feet long
with a maximum. height of 12 feet. .

The capacity of Los Esteros Reservoir would amoint to
587,000 acre-feet with 60,000 acre-feet available for storage
of sediment, 250,000 for irrigation, and 277,000 for flood
control., It would control 2,479 square miles of drainage
area.. The outlet through the main dam would be controlled by
two S54-inch diameter valves, permitting a release of 2,290
cubic feet per second when the pool reaches spillway crest
level. An open-cut, uncontrolled spillway would be cori~ -
structed between the main dam and the saddle dike, abou* .
1,000 feet from the left abutment. ; :

The Los Esteros~A1amogordo project would afford prn-;
tection against floods larger than any of record. In’
addition, more irrigation water would be provided because
spills would be less frequent and the life:of the conservation
storage pool woyld be greatly extended. It is estimated:’
that the existing Alamogordo Reservoir will lose its effective~
ness for conservation. in. about. 40 years because of sediment
depletion; whereas, the irrigation pool in the Los Esteros
Reservoir would not even be encroached upon at the end of
40 years of operation. : S :

The henefits expected to accxue amount to about v
$428,000 annually.. The total estimated cost of the project is
$7,060,000. Pgeponstrucpion planning has been-initiated.

THE TWO RIVERS RESERVOIR PROJECT .is designed to prevent
damages at Roswell .and wicinity by controlling floods on Rio-
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Hondo. The project was authorized for construction by

the Flood Control Act of 1954. .. It consists of two dams,
Diamond A Dam on Rio Hondo and Rocky Dam on Rocky Arrcyo.
The two dams would create a common reservoir to be known as
the Two Rivers Reservoir.

Diamond A Dam would be an earth-fill structure about
4,994 feet long and 106 feet high, with a gated 6-foot diameter
outlet. Rocky Dam also would be of earth fill, about 2,924 feet
long and 120 feet high, with an uncontrolied 3-foot diameter
outlet. In addition, there would be four uncontrolled spill-
ways, with a total length of about 2,375 feet, in natural
saddles on the rim of the reservoir. ' e

The project would control 1,084 square miles of drainage
area, 1,009 square miles of which are in the Rio Hondo water-
shed, and 75 in the Rocky Arroyo watershed. The common reser-
voir formed by the two dams would have a capacity of 207,500
acre-feet at spillway crest elevation, which is a little more
than twice the amount needed to store the maximum flood of
record. - ' : .

The Two Rivers Reservoir project would reduce to non-
damaging proportions such:large floods as occurred on Rio
Hondo in 1937, 1941, and in October 1954. 1In addition to
affording protection to the city of Roswell and to Walker
Alr Force Base, the project would also reduce damages on
the Pecos River. The project would cost $6,171,200, of
which $121,200 would be non-Federal. The average annual
benefits are estimated at about $307,290. Preconstruction
planning has been initiated, = : -

THE ARTESIA DIVERSION CHANNEL was authorized by the 1954
Flood Control Act. It consists of a diversion channel on
Eagle Creek upstream from Artesia, to convey flood flows from
Eagle Creek into Tumbleweed Draw, a tributary which enters
the Pecos River about 4 miles downstream from Artesia.

An earth levee about 5.7 miles long with a maximum
height of about 10 feet would be the principal feature of the
diversion works. The borrow area would be graded to provide
a channel for low flows, and the capacity of Tumbleweed ,
Draw would be increased to accommodate diverted flood flows.

The project wouidupfotécﬁ the city of Artesia and v
irrigated land in the vicinity from floods on Eagle Creek up
to 38,000 cubic feet per second, which is about 35 percent
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ggeater than.ihe}estimated discharge of the flood of July 1911,
the maximum known to have occurred. The average annual

benefit expected to accrue is $81,800, The estimated cost of
the project is $760,000, of which $170,000 would be non-Federal.

Preconstruction planning has been initiated. ~ .-

Survey Under Way

PECOS RIVER AND TRIBUTARIES, CARLSBAD. AND' VICINITY, A
final report,. as. authorized by the 1938 Flood Control Act, on
the flood control problems in the Pecos River.watershed remains
to be completed.. The major consideration will be:an improve-
ment for the protection of Carlsbad, which has experienced
severe damage- from floods on .Pecos River, and on Dark Canyon, a
tributary to Pecos River, also Hackberry Draw, a tributary to

.. .Rark Canyon. Completion of this investigation is scheduled

. -during Fiscal Year 1956. BN

. €

1Survéy Authorizéd,' R

. RIO FELIX AND RIO HONDO AND TRIBUTARIES, As a result of
the disastrous floods which occurred in the Pecos River basin
in 1954, a review of reports previously submitted on the Pecos

. River and tributaries'waS»authorizedﬁby-Congress.'rThe purpose
of this review is to determine the feasibility of 'flood control
~.lmprovements on Rio Felix and tributaries, and additional im-
. provements on Rio Houdo and tributaries-., A preliminary ex-
amination has been completed and additional studies will be
. .-initiated as.soon as funds are made.available.

" ]
o it F

(v :+ -~ , EMERGENCY FLOOD CONTROL WORK.: .

- "““During{flood emergencies the Corps. of Engineers assists
~local interegts in £lood fighting and rescue work to protect
L _}iﬁe,apd,pfoperty. Upon- specific request of’ loecal interests,

~ the Corps of Engineers repairs damaged flood controlwrks,
under various statutory authorities, when such work is deter-
.mined to be sound from an-engineering and.economic standpoint
.and funds.are available, . MR I

The major portion of emergency work performed by the
Corps of Engineers in the Rio Grande basin has been on the
main stem, particularly in the Middle Valley. About 190 miles
of levees were constructed by the Middle Rio Grande conservancy
District during the period 1930 to 1935. Floods occurring in
1937, 1941, 1942, 1948, 1949, and 1952 damaged these levees at
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numerous points and an extensive program of repair and
rehabilitation by the Corps of Engineers has been necessary

to prevent complete failure, When Rio Grande flows begin to
endanger the levees, vulnerable reaches are kept under con-
tinuous observation in order that preventive measures may

be initiated at the earliest possible moment. In addition

to the duties of observation, patrols participate in effecting
emergency repairs, since a general failure of these levees would
cause damage to property valued at about $460,000,000.

At the request of local interests about $1,374,000 has
been expended in the Middle Valley since 1942 by the Corps
of Engineers in performing emergency work, including levee rais-
ing, installation of log and brush protective mats, timber
pile dikes, rock revetments, flexible-type steel jetties,
reconstruction and repair of levees, construction of diversion
dikes, and channel straightening. In addition, the Corps of
Engineers prepared plans and specifications during 1949 and 1950
for emergency repairs constructed by the State of New Mexico.

COLORADO RIVER BASIN

An area of approximately 20,000 square miles in New
Mexico, or that part of the State lying west of the Continental
Divide, is drained by three tributaries of the Colorado River;
namely: Gila, LIttle Colorado and San Juan Rivers.

The Gila River drains an area of about 5,600 square miles
in the southwestern part of the State. The area is extremely
rugged and much of it is set aside as a national forest. The
more important industries are mining and farming. Scattered
tracts of irrigated land, totalling about 11,000 acres, are
located along the Gila River and its tributary, San Francisco
River. The principal towns are Lordsburg and Mogollon.

The Little Colorado River drains about 4,700 square miles
in the west central part of the State. Livestock raising, .
mining, and lumbering are the most important industries. Rain-
fall is insufficient for crop production and because of the
short water supply and topographic limitations, only about
8,800 acres are under irrigation at the present time. The
principal town is Gallup, which is on a tributary, the Puerco
River. ‘

The San Juan River, the second largest tributary of the
Colorado River, drains an area of about 9,700 square miles in
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the northwestern part of the State. The principal industries
in the area are farming, mining, oil, gas and helium production; ..
and refining. Abont 38,000 acres of land are presently irri- .
gated in the watershed in New Mexico. The principal towns

are Farmington, Aztec, Bloomfield, and Shiprock. Parts of

the urban areas of Shiprock and Blanco and about 27,000 acres
of land are in the flood plain.

There are no existing Corps of Engineers progects in
the Colorado River basin in New Mexico and none is under con-
struction. . The Bureau of Indian Affairs, in a feasibility
report dated Jauwuvary 1955, recommended the Navajo Project.
This project, principally for irrigation, includes the Navajo
Dam on the San Juan River in New Mexico. This project is
proposed as a participating project of the recently auth-
orized Colorado River Storage Project. The Navajo Reservoir
would have an initial storage capacity of 1,450,000 acre-feet
and, if operated for flood control inm. accordance with recom-
mendations of the Corps of Engineers, would control the
maximum flood of record at the dam site, and reduce flood
damagee on the San Juan River in New Mexico by an estimated
$39,000 annually.

There has been no emergency flood;bontrol work performed
by the Corps of Engineers in the Colorado River basin in New
Mexico. .

Preliminary Examinations and-Surveys Authorized

Pertinent information about'presently authorized reports;"
on preliminary examinations and. surveys for the Colorado River
basin is given in the following tabluation:
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Completion date by
District Engineer

Area under investigation

Little Colorado River,
Arizona and New Mex. in
vicinity of Gallup, New
Mexico

Colorado River & Tri-
butaries above Lee
Ferry, Arizona

Animas River, Colorado
and New Mexico

Gila River and tri-
butaries, Arizona and
New Mexico

Type of report

Survey report
on flood con-
trol

Revised pre-
liminary ex-
amination re~
port

Interim survey
report on flood
control .

Comprehensive
survey report
on flood con-
trol

ARKANSAS RIVER BASIN

Dependent upon
future appropriation
of funds

Dependent upon
future appropriaion
of funds

Dependent upon
future appropriatio
of funds -

Dependent upon
future appropriation
of funds

In northeastern New Mexico, an area of approximately
16,910 square miles drains to the Mississippi River as a part

of the Arkansas River system.

The Canadian River, the North

Canadian River, and the Cimarron River are the principal
streams in the area; the latter two are locally known as

Corrumpa Creek and the Dry Cimarron River, respectively.

Each

of these streams is locally important and each increases in
size and importance as it flows eastward.,

The Cimarron and North Canadian Rivers rise in foothills

areas.

In New Mexico they are not dependable sources of water;

development along them is comparatively minor and improved
The principal towns are Clayton,

areas are widely scattered.
Flash floods on these streams are

¥olsom, and Des Moines,

problems which are now under consideration.

The Candian River rises in the lofty Sangre de Cristo

Range of the Rocky Mountains near Raton Pass at the northern
boundary of New Mexico. From its source at about 8,000 feet
elevation, it flows southward through an ever-widening valley
for about 64 miles where it enters a deep, narrow canyonm.
Except for a short reach where the canyon floor is relatively
broad, the river continues southward confined between canyon
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walls, for nearly 100 miles, to its confluence with the
Conchas River. From this point, the river flows eastward in
a deep canyon for a little more than 100 miles to the

eastern boundary of the State. Major tributaries which enter
the Canadian River in New Mexico, in downstream order, are
Cimarron (not the Dry Cimarron mentioned above), Mora, and
Conchas Rivers, and Ute Creek. The principal towns are

Raton, Springer, Tucumcari, and Cimarron. . . . g.,,g~ wieo
The only completed Corps of Engineers progect in the : Sia
Arkansas River basin in New Mexico is Conchas Dam and Reservoir,
described nereinafter. There are no projects or emergency .-, -
flood control work unoer construction or. authorized for
construction at this time. e ST UL T S

Q.Proiéot Gompleted: . . .ii .. i e s

CONCHAS .DAM AND RESERVOIR is .located in San Miguel .
County on the Canadian. River Jjust below its confluence with - .. ..
the Conchas, River.v The drainage area above the dam is about Lty
7,409 square miles. e L , C e e e

Construction of Conchas Dam was approved by the President
of the United. States. as a part of the Works Relief Program under
the Emergency Relief Appropriation Act of 1935; subsequently,‘ N
the project was authoriaed by the Congress in 1936. Construc~. ... o« .
tion of the. dam was a531gned to the Corps of Engineers, and. 4. .-
under the provisions of the. Flood Control Act. of  June. 22, it Baar
1936, operation and maintenanve of the -Gam and reservplr were« Gy
also delegated to the Corps of Engineers

NI E

Conchas Reserv01r has a to;al storage ceparity of e,
566,000 acre-feet for.flood. control and irrigationc - Approx-
imately 370,000 acre-feet are available for irr*gation.and
sediment storage up, to. the, q:est of the uncontrolled spill- B TOE
way notch provided for flood control regulation. JAtsthls ¢ e s b
elevation, a 9,600 acre lake extends up the Canadian River
valley for a dlstance of 14 mlles and up .the. Conchas River
valley 11 miles. About 279,000 acre-feét 6f" storage is
provided for irrigation uses- and the-xremaining 91,000 '
acre~feet below the irrigation outlet is for deposition of s
sediment. The reservoir. has,a flood control storage. of ... - .-
196,000 acre-feet between: the crests of. the flood regulation oo
notch and the uncontrolled emergency spillwayq .The reservoir .. .
is the prime source of water supply for the Arch .Hurley, .
Conservancy District in the vicinity of Tucumcari -New Mexico.
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Within this District, where maximum productivity is just
now being attained, there are about 42 000 acres of irri-
gable land. S

Both the Corps of Engineers and the State of New
Mexico have participated in the development of recreational
facilities in the vicinity of Conchas lake. The Federal
Government conveyed to the State by easement deed, a tract
on the south shore containing 1,487 scres. On this tract
the State has remodeled and enlarged an existing lodge and
has provided such other accommodations as cabin sites, a
boat repair building, a minnow stand, comfort stations, fire-
places, tables, floating docks, and living quarters for the
operating personnel. On the north shore the State has. pro-
vided a minnow stand, a general store, a floating dock, fire-
places, and tables. In addition, the Corps of Engilneers
has provided a water supply system consisting of a treatment
plant, an elevated storage tank and distribution facilities,
a system of roads, floating docks, tables, fireplaces; and
comfort stations.  All recreational facilities are super-
vised and maintained by the State. The store and lodge
are operated on a concessmonaire basis.

Since Conchas Dam became operative in 1939 three floods
of consequence have occurred on the Canadian River,in New
Mexico; in May and September, 1941, and September, 1942,
During these floods the operation of Conchas Dam resulted
in reductions in stages at lLogan, New Mexico, about 45 miles
‘downstream firom the dam, ranging from 3.0 to 7.2 feet,

Surveys Under Wav

ARKANSAS, WHITE AND RED-RIVER-BASINS REPORT. Studies
of water and land resources and their potential development
for the portions of the Arkansas, and Red River watersheds
in New Mexico have been completed in connection with a
comprehensive investigation of the Arkansas, White and Red
River Basins, Arkansas, Loulsiana, Oklahoma, Texas, New
Mexico, Colorado, Kansas, and Missouri. This investigation
was authorized by the Flood Control Act of 1950,

‘The, President of the United States requested that the
1nterested Federal agencies organize an inter-agency committee
to conduct the investigation. The Arkansas-White-Red Basins
Inter-Agency Committee was organized for this purpose in:

July 1950. As presently constituted, the Committee includes
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one member each from the Department of the Army, Department

of the Interior, Department of Agriculture, Department of
Commerce, Department of Labor, Department of Health, Education
and Welfare, and the Federal Power Commission, and a repre-
sentative of the Governor of each of the eight states named
above. The Division Engineer, Southwestern Division, who |
represents the Department of the Army, is chairman ex officio
of the Committee.

Reglonal and. basin-wide public hearings have been
conducted by the Committee to determine the desires of
local interests. The ‘water. ‘and -land resources, needs, -and
problems of the area have been- carefuliy studied and im~‘
ventoried in considerable detail by agencies and interests
. concerned. Studies of possible solutions and. formulation of
,.an integrate& comprehensive plan’ of developmentwfor the -7
"»thtee-basin area are now completed as ‘a result of this coor-

dinated acticn C

. The- report presents a long-range plan for coordinated
development and’ conservation of the water and related land*
. resouxces-of the AWR basin. It includes progects -and progr&ms
which might be’ developed by the Federal Government, State and
local. governments, or private interests., The report: will :
not serve. as an authorizing document’ for any- Federal: progect
or program,-but-instead will provide the Congress with a
framework within which it may consider future separate te-

commendations for individual project or program.authcriza-‘_fi

tions. ' The Corps of Engineers plans to" prepare .supple=:

mental reports. o subatantiate recommendationb for future ‘”““i

authorizatinn of’ specific projects in the three-basin area

oL .!:“.A
[EEE TR

v T RED RIVER BASIN

A very small portion of ‘the ‘State," comprising 891 square
miles in northern Curry County and western Quay County,: is
drained by the Red River which empties into the Mississippi™’
River near Marksville, Louisiana. .The New Mexico part of
the, Red River ‘basin is semi-arid, sparsely settled, and:
used primarily for grazing, of livestock’

The Corps of Engineers has ng" existing projects on Red
River in New Mexico, and none is under construction ior auth- B
orized for construction, including emérgency flood controlt
work.. e TR T VIR




Surveys Under Way

* Studies in connection with the Arkansas, White and Red
River Basins Report, described in the Arkansas River Basin
section of this paper, include studies of the Red River basin
in New Mexico. = < - R A S

' BRAZOS AND COLORADO (TEXAS) RIVER BASIN

A small portion of the east-central part of the State,
consisting of about- 3,830 square miles, lies in the basins of
the Brazos and Colorado Rivers of Texas. Of this, 2,670 square
miles is in the Brazos Basin and 1,160 is in the Colorado Basin.
Both of these streams head in New Mexico and flow in a south-
easterly direction across Texas to the Gulf of Mexico.

- The area is characterized by low relief and poorly-
defined drainage patterns; and because of this only a small
part of the precipitation over the area ever reaches the
streams as surface runoff. Urban communities in the basins
include Clovis, Portales, Lovington, and Hobbs, and except
for these the area is sparsely settled. Livestock raising,
limited irrigated farming, and petroleum production and re-

fining are the principal industries.

A survey report recently submitted to Congress served
as a basis for authorization for a number of projects on the
Brazos River; however, all of these would be in Texas as no
water resource development was recommended in New Mexico. The
Corps of Engineers has performed no emergency flood control

work in either watershed in New Mexico.

Survey Under Way

A survey report has been authorized on the Colorado
(Texas) River basin, including that psrt of the basin which is
in New Mexico. Completion of this report is dependent upon
future appropriations of funds by Congress.

" SUMMARY

The following tabulation gives the estimated total cost
of the major elements of the water resources development program
of the Corps of Engineers in New Mexico which has been auth-
orized or constructed to date, and the estimated annual charges
and benefits assignable to those projects.
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Jemez Dam 4,055,627

Abiquiu Dam - 13,290,000
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HYDROLOGIC ASPECTS OF PLANNING FLOOD CONTROL
WORKS IN NEW MEXICO

By

John  T. Martin®*

1. Genmeral. -First I would like to give the items which
the Corps of Engineers consider as hydrology, namely:

a. Watershed f. Humidity
b. Weather g. Evaporation
¢. Precipitation h. Wind
d. Snowfall i. Stream flow characteristics
e, Temperature j. Runoff
k. Sediment

In the planning of flood control projects these items have
varying signifigance depending upon the nature of the project.
Due to the limited time, I will confine my talk to certain of
..these items which are more directly related to the economic
feasibility of a flood control project.

2. Stream Flow Characteristics Including Channel Capacities. \
We study the stream pattern of the watershed and the nature of
the stream flow; that is, the relationship of peak flow to
volume. 1In other words, are the floods of a flashy type with
relatively high peaks and small volume, ot of a type which may
-‘be produced by snow melt runoff of comparatively low peaks and
large volume? Also pertinent to the economic analysis are the
minimum channel capacities in a selected ‘damage reach or at a
- location of concentrated flood damage.

. 3. Runoff.- In many instances in New Mexico, there are no
~stream flow records or too short a period of record upon which .
to base the economic studies. We dete mine which is better re-
lated to the flood damages, the flood volume or the peak’
discharge. In many cases in New Mexico, due to the lack of
edfined channels and the influence of man made barriers, the
flood damages are found to be better related to the flood volume.
In order to evaluate flood control projects as to economic
feasibility, the Corps  of Engineers estimates the probable
recurrence of floods. When sufficient stream flow records
are not available a hypothetical flood history is estimated,
generally from rainfall records. 1In doing this, it is

*Chief, Hydrology Section, Corps of Engineers, Albuquerque, New
Mexico. 134 .



recognized that such a flood history may have had floods
occuring when actually there were no floods and may not have
floods indicated when actually there were floods and the
accuracy of this procedure is dependent on how well this
conditicn averages over a long period of time.

4. Infiltration.-To provide tools for estimating this
hypothetical £iood history and for the project design floods,
it is necessary to make a study of the watershed chzracter-
istics to determine average and minimum infiltraticn or rain-
fall loss rates. The average loss rates are used in computing
a flood history, while the minimum loss rates are used to
compute the design floods &o that these flood estimates are
censervatively high, The infiltration rates are generally
based on a study of precipitation and stream flow records
on the other watersheds with similar runoff characteristics.

5. Unit Hydrograph.- The unit hydrograph method is
used by the Corps of Engineers primarily for the determination
of flood pealk discharge. Mr. F. F. Snyder's method is gen-
erally used and, by the way he is an employee in the office,
Chief of Engiluecers, his method is basically the same as
Mr. Sherman's method which you may be familiar with as pub~-
lished in certain texts. As for rainfall loss rates, unit
hydrograph coefficients have to be transferred from one water=
shed to the other by a study to determine similar watershed
characteristics. :

6. Standard Project Flood.~ The Corps of Engineers uses
what I like to call a yard stick for the design of flood con-
trol projects. This yard stick is called the standard project
flood or maximum probable flood. In some cases the flood
volume is the major consideration, while in others such as
leveed floodways or diversion channels the peak discharge is
a major consideration. The standard project flood is estimated
by a study of the major storms of recoxrd in the general vicinity
which could have just as well occurred over the watershed under
study. Then the storm is selected for transposition which would
give either the maximum peak or the maximum volume from the
watershed as desired. After the storm is selected it is
moved over the watershed under study and rotated to fit the
new topography and the storm precipitation is adjusted, up
or down, for the difference in inflow barrier. The basis for the
adjustmeat for this difference in elevation is determined
along the path of the moist air inflow for the storm. The
percent adjustment per increment of inflow barrier change has
Leen provided by the U. §. Weather Bureau. The minimum in-

135



filtration rates are applied to the standard project storm
rainfall and the rainfall excess is applied to the unit hydro-
graphs for the watershed to determine the standard project
flood hydrograph. The flood control project is designed for
any degree of protection up to the standard project £lood,
depending on economic justification. In general a concen-
trated locality of flood damage such as an urban area where
loss of life may be involved it is found economically feasible
to provide protection against a £flood equal to the standard
project flood. '

7. Spillway Design Flood.- The Corps of Engineers for
many years has cooperated with the U, S. Weather Bureau in a
storm study program of all the major storms. The Corps prepares
the storm studies and submits them to the Weather Bureau for
review and comments. On reservoir projects, the Corps of
Engineers provides a spillway adequate to pass the flood which
would result from the estimated maximum possible precipitation
over the watershed. In the plaaning of such a project, the
Corps submits a description of the watershed and the major _
storms which have occurred in the general vicinity to the U. -
S. Weather Bureau and requests the maximum possible precipita-
tion to be used. This criteria for the design of the spillway
has a considerable effect on the economic feasibility of
the reservoir project.

8. Sediment.- Another consideration in reservoir projects
in New Mexico which has a considerable affect on the economic
feasibility is the provision of sediment reserve storage. In
addition to the storage allocations required for flood control
and other water uses, a sediment storage allocation equal
to the estimated reservoir depletion during the economic 1life
of the project is provided. 1In connection with leveed floodways
and diversion chamnel projects, aggradation or degradation
may materially increase the maintenance costs of the project
which in turn affect the economic feasibility.

9. Coordination with Other Projects.~ In the planning )
of reservoir flood control projects in New Mexico it is considered
very essential to make the necessary operation studiés to
determine the effect of the project on irrigation and other
water supplies. It is also necessary to coordinate the flood
control regulation with the r egulations provided by other
projects in the same watersheds. In the planning of levees,
floodways, and diversion projects consideration is glven to
the restriction to the flood plain and to the probable increase
of f£lood depths on other land. In the case of diversion projects,
sometimes it is necessary to pass certain flows on down the natural
water coarse and just divert the flood flow. Further, such pro-
jects may cause damaging aggradation or degradation at another
project or location. ’
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Problems of the Elephant Butte Irrigation District

By

John L. Gregg*

The Elephant Butte Irrigation District is located

in the New Mexico portion of the Rlo Grande project

(Wew Mexi.co-Texas), a Bureau of Reclamation project
situated in south central New Mexico and in West Texas.

The district contains a gross area of 100,000 acres of
which 90,000 acres have a first class water right. An
additional 70,000 acres of water right land are located

in the Texas portion of the Rio Grande Project, principally
below El Paso, Texas. The Elephant Butte Irrigation
District is the water users' organization formed for the
purpose of cooperating with the United States government

in connection with project management. The District has
the authority to contract with the government and represents
the water users in all matters relating to water supply.
This discussion pertains mainly to the Elephant Butte
" Irrigation District, but certain data appearing below

are applicable to the entire Rio Grande Project.

The present problems and difficulties facing the
Elepant Butte Irrigation District originate from the
current water shortage which is caused primarily by a
prolonged drouth in the Upper Rio Grande Basin of Colorado
‘and New Mexico, aggravated by the failure of the Rio
Grande Compact to operate effectively and to cause the
delivery of that partion of river flow to which the
irrigated area below Elephant Butte Reservoir is entitled.

The average annual flow of the Rio Grande past San
Marcial, at the head of Elephant Butte Reservoir, for the
period 1895 to 1955, inclusive, is about one million acre
feet. During the thirteen year period from 1943 to 1955,
inclusive, the average annual flow past San Marcial has been
only 550,000 acre feet, Eight years of this latter period
. (1943, 1946, 1947, 1950, 1951, 1953, 1954, 1955) have
‘produced annual flows far below the long time average,
rengieg from a minimum of 113,000 acre feet in 1951 to a
maximum of 434,000 acre feet in 1947; while only three
years (1944, 1949, and 1952) equalled the 61 year average.

The remaining two years (1945 and 1948) of the thirteen

* Treasurer-Manager, Elephant Butte'Irrigation District,

Las Cruces, New Mexico
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year period approached the average. The year 1951 produced
the least flow past San Marcial during the period of record,
amounting to only 113,000 acre feet. The past three years
(1953, 1954 and 1955) have been extremely low, flows

ranging from 218,000 acre feet in 1954 to 264,000 acre

feet in 1955, as recorded at San Marcial, The year 1956,
from all indications, will be no better than 1955. The

~ ‘dignificance of these figures is that the surface water

supply difficulties of the District actually began in
1943, but were masked for several years by reason of the
heavy carryover of stored water from 1941 and 1942 when
river flow was far above normal; and that the most acute
portion of the thirteen year period of low flow began in
1953, and apparently still continues. Spring inflow for
1956 from snowmelt, upon which we depend for the major
part of our water supply under normal conditions, has been
vety disappointing, amounting to only 13,000 acre feet as
of ‘this date. Storage today is 181,700 acre feet, or
only twenty percent of average storage at this time of
the year for the past 21 years.

.. The impact of drouth conditions, as well as other
factors, upon this District is shown by allotments of
water avallable for delivery to the land during the
past fey years: . - o

© 1951 - 1.75 acre feet per acre of water right land
7 1352 2;75, " n " " oon " " "
‘;‘1953”; 1.90 " 1 " "o " t "
1954 - Six inches per acre of water right land
1955 - Five inches " "o o " "
1956 - Four inches % wow L " " to date

Normal dse;of water per acre ranges from three to three

and one half acre feet per acre delivered to the land.

' ‘Another factor in the adverse water supply situation
facing the Elephant Butte Irrigation District, and which
has greatly aggravated the effects of douth, has been the
failure of the Rio Grande Compact to operate properly and
to protect our water.supply to the extent of assuring us
that we shall receive our share of whatever flow appears
in the Rio Grande. The Rio Grande Compact is an agreemernt:
among, Colorado, New Mexico and Texas relative to the
division of the flow of the Rio Grande among the three
states. It became effective in 1939 after ratification
by the three state legislatures, the Congress, and approval
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by the President. Operation actually began on January 1,

1940. The basis for the division of the water was historical

flow of the Rio Grande, and certain tributaries, durin

certain periods of time that were considered represeqtétive of

conditions along the river immediately prior to the period ™ ﬁ “41

of litigation and of negotiation which led to the signing ' ‘?{\

of the compact. The Bio Grande Compact provides that o e

the obligation:of Colorado to deliver .water to New Mexico '

shall be determined by the flow of the river at Del Norte,

Colorado, above the irrigated area of the San Luis

Valley, plus the flow of the Conejos River, a tributary

of the Rio Grande in Colorado. Based upon a schedule

developed from inflow-outflow data for the representative

period referred to above, combined flow at the above

points determines Colorado's obl&gtion to deliver water

to New Mexico. Similarly, rhe obligation of New Mexico

to deliver water to Elephant Butte for the use of the

Rio Grande Project is determined by flow passing the

Otowi gauging station, located a short distance below

the junction of the Chama and the Rio Grande in New

Mexico, which flow is related td an inflow-outflow - o
schedule based upon data for the representative period
referred to above. Ihe atea below Elephant Butte
Reservoir, consisting of Rio Grande Project lands, was
placed under the jurisZiction of thé 'State of Texas

for compact administration purposes .This area agreed )
to limit its annual releases from storage:to an, average ,?
of 790,000 acre feet, including water due Mexioo under
the provisions oﬁwthe treaty of 1906 EEE ,13f 5

L

S TWeas oy,

The manner in which tﬁe Rio’Grande COmpaqt has“ '
operated- i{s- best shown By cumulative figures oompiled
as of December 31, 1955, On ‘that date, New Mexico had ‘_“9,7
falled to make deliveries ‘of"water to Elephant Butte' PR
Reservoir to the extent of 477,000 acre feet, and’
had accumulated a debit under the Compact to that
extent over a perlod of years. As of the same date,
Colorado had falled to make -deliveries to New Mexico
to the extent of 287, 000 acre feet and had an ‘accumulated"’
debit of that amount. The Rio Grande Project ‘had an - e
accumulated under-release (below an average of 790,000 -
acre feet per year) of 1,742,000 acre feet which reflects
both the effects of the drouth and, the failute of upstream
areas to make required deliveries, as well as the care~
ful use of water made on the Rio Grande ?ro;ect. In ‘
1951 after a period of unsatisfactory experience under

. 3 .
.y . b
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the Rio Grande Compact, the State of Texas, acting for
the Rio Grande Project area below Elephant Butte, flled
suit in the Supreme Court of the United States against
the State of New Mexico for the purpose of compelling
New Mexico to comply with the Compact. Various vio-
lations were cited such ‘as’ 111egal storage and release
- of water, and the accumulation of a debit in excess
of permissible limits, and, among other things, the
- Court was asked to appoint a Federal watermaster to
supervise the distribution of water on the Rio Grande
in New Mexico in order to assure delivery to the area
below Elephant Butte. The State of New Mexico immediately
ralsed the issue of the indispensability of the United
States as a party to the suit on the grounds that
Pueblo Indians, who are wards of the govermnment, living
in the Middle Rio Grande Conservancy District in the
vicinity of Albuquerque, would be affected by the Texas
demands and, therefore, the United States has an
interest in, and should be a party to, the sult.
Hearings and oral arguments have been held, and numerous
briefs have been written by hoth sides, but the suit
has not yet progressed beyond this point and the Supreme
Court is still in the process of deciding whether or
not; the United States is an indispensable party to
the suit. If the decision 1s in the affirmative, the
case will be dismissed because ‘the United States cannot
be joined in a suit without 1its consent. If the
decision is in the negative, the case will proceed to
trial. ' At the present time, the Special Master appointed
by the Court to hear the case has recommended that the
United States be not considered an indispensable party
to the suit, but the Court is awaiting comments from
the Department of Justice before making its decision.

e : {
The Rio Grande Compect is of great importance

to the area below Elephant Butte because it is our
only guarantee that we shall receive our share of
water that i1s available in the Rio Grande, As additional
storage faclilities are constructed above us, and as
greater demands are made upon the stream in northern
New Mexico and southern Colorado, the Compact will become
increasingly important as a source of protection for
our water supply. We are, Iin effect, situated in the
lower end of a river basin, since practically all water
appearing in the Rio Grande in Colorado and New Mexico
is fully used in the area extending from the San Luis
Valley, in Colorado, to Fort Quitman, located eighty
miles southeast of El Paso. No substantial amount of
outflow fccurs from this area into the Lower Rio Grande
Valley of Texas. Because of our location, we are
vulnerable to upstream encroachments upon our water
supply and some method of protecting ourselves must be
made available, The Rio Grande Compact offers that
protection if it can befaade an effective instrument.



STREAM FLOW STUDIES IN THE MESILLA VALLEY

By

Frank Bromilow*

INTRODUCTION

All of the work described in this paper was dome. by
members of the staff of the Civil Engineering Department
of New Mexico College of Agriculture and Mechanic Arts.
The work was financed by the Elephant Butte irrigation
District and under the terms of our contract with them,
the results obtained are. the exclusive property of the
District. ..

A short description of the physical characteristics of
the irrigation system of the valley is necessary in order to
see the redsons for the projects undertaken and the relation .
they bear to each other. : o : v e

DESCRIPTION OF VAIJEY

" The MeSilla Valley is approximately 50 miles in 1ength
from Leasburg Dam at the north to Courchesne Gap at the
south. There are about 78,000 acres under irrigation, of
which about 69,000 acres are in New Mexico and 9,000 are-
in Texas. There are three main canals which carry water
from the river. These are: e

Leasburg Canal which irrigates about 37% of the valley
Mesilla East Side Canal which irrigates about 21%
- of the valley
" Mesilla West Side Canal which irrigates about 42%
of the valley.

A small area, known as the Picacho Area, near the
northern end of the valley and west of the river, is’'irri-
gated by Leasburg water which reaches the area through ‘a
metal f£lume over the river. This area of 4305 acres, or abart
5%% of the valley, was used for a number of speclal studies
because of its size and the ease with which the amount of -
water’ delivered to it could be measured. :

e

* Professor and Head of Civil Engineering Department.
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1952 STUDIES

The first study undertaken began in September of 1952.
It consisted of a collection and study of data avallable
from:

United States Bureau of Reclamation
United States Weather Bureau
International Boundary Commission

Such data as flows, diversions, rainfall, deliveries to
the land, wastes and evaporation were collected, tabulated
and graphed to make them available for easy reference. The
period 1936 through 1951 was considered. This report was
completed and submitted in January 1954. Present plans
call for bringing it up to date through 1955 this year.

1953 STUDIES

The second study was undertaken during the irrigation
seagson of 1953. This study was made on the Picacho Area and
was conducted inader to find the distribution of the water
over that section of the project.

A continuous water stage recorder was installed at
the inlet of the Picacho Flume. Flow measurements were
made at the same location from time to time during the
summer, From the quantities measured and the water stage
recorder values it was possible to develop a relationship
between quantity of flow and stages. This relationship
was then used to compute the total flows from the charts
produced by the recorder. This technique proved to be
satisfactory and has been used on all of the work done
on this project.

Analysis of the results of the study including estimates
of the probable losses by evaporation and transpiration .
indicatgd that a considerable portion of the water was not
accounted for in our calculations. The conclusion reached
was that either a large amount of water was being losg
through seepage or that the ditch riders estimates of
deliveries to the land were wrong.

1954 STUDIES

In 1954 the study of the Picacho Area was repeated to
check the conclusions :eached in 1953. Examination of this
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information confirmed the previous conclusion.

In addition, three other studies were undertaken in 1954,
The first was an analysls of that part of the Picacho Area
served by Lateral A, A weir was built gad 8 recorder {n~
stalled near the entrance of the Lateral. This recorder
showed a total flow for the Seasén of 480 acre feet. Part
of this flow came from the Lateral gystem, and part from a.
privately owned pump. From the shape of thé lines on the
recorder graph, it was possiblé to’separite the pump- £low
from the river water. Our calculations indicated that 200
acre. feet was pump flow and 280 acre feet was river water.
The ditch riders' estimate for deliveries of water to Lateral
A was 271 acre feet. - L =

The secqu study of.thisg season was a soll study of
the Lateral A araa., Holes were drilled or dug adjacent
to the Lateral and measurements made to locate the water
table. This work was carried on by students in the depart-
ments of Agricultural Engineering and Civil Engineering.
The conclusions reached from this study were that silt in
the ditch bottom provided a good seal and reduced seepage
losses. Scour of this silt by high velocity flows would:
increase losses. 1t was decided to recommend to the
Irrigation District that 'a study be made of the Picacho
Area during 1955 in an attempt to locate'areas whete. .
high losses occurred regularly.

A small amount of preliminary work was done during this
season on ground-water observations. Mr. Fields, of the
department of Mechanical Engineering made observations on
his well in Mesilla Park and compared the results with
the level of water in the park drain near by. No import-
ant numerical values were obtained, but as a result of
the information gathered it was decided that an investigation
of ground-water levels was needed. "

1955 STUDIES

The field work during the'1955_irt1gation season was
divided into three main studies. These were:

Seepage study in Picacho Area.
River. flow study
Ground-water investigation

As avfé§ﬁ}tf9f the conclﬁsidﬁs'feached in the 1954 soil
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study, an intensive investigation of the soils in the bottom
of the canals in the Picacho Area was made. The entire
canal system was examined visually and 32 semples of the
canal bottom material were obtained on which permeabilitcy
tests were run in the laboratory. In addition, a piece

of equipment was developed from which measurements of
seepage losses in place could be made.

A laboratory experiment wag developed in which silt
was allowed to deposit itself on a sample of sand and the
change in the seepage losses was measured. It was found
that as little as 0.2#/sq. ft. of silt settling on a sample
cut the seepage by 97%, but the silt film dried, cracked,
and was washed away by the next flow.

The conclusions reached in this study were that the first
few inches of soil in ditch bottom offer most of the resistance
to seepage and are saturated. Soil below this level is
not saturated so that the distance to water table has no
effect on seepage losses. Another conclusion was that the
amount of loss from any section of canal varied greatly
depending on conditions of flow and on previous history
of flow. ’ :

The study of flow iﬁ the river was accomplished by
means of gauging stations installed as follows:

Leasburg Cable _
Mesilla Bridge (Mar 21 - Apr 5)
Highway 28 Bridge - :
Anthony Bridge

Vinton Bridge (June 10 on.)
Courchesne

Flows obtained in these stations were combined with
data available on drain returns, wasteway flows, and
arroyo flows to produce calculated values for losses
from various reaches of the river. The results obtained
in this study were: r

1. The river is a perched watéf table
2. Rainfall during the irrigation season on

the Mesilla Valley has a considerable effect
on apparent losses from the river
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3. low flows In the river should be avoided
since the per cent of water losses under
these conditions is a maximum,

The ground-water study consisted entirely of a review
of data available. This data was plotted to give a picture
of ground-water conditions inthe valley. The general pattern
for the ground-water is as follows:

1. The slope of the water table down the valley
is 4% ft, per mile

2. The slope of the water table from the west
into the valley is 3% ft. per mile

3. The slope of the water table from the east
into the valley adjacent to the Organ Mountains
is 15 ft. per mile

4, There is no data available on the water table
" on the east side of the valley from Berino
south to Courchesne.

A typical example of the weakness of the iInformation
presently available on ground~water conditions in the
Mesilla Valley is shown by the avallable data on the under-
ground flow through the Pass at Courchesne. Borings were
made by a Mexican commission in 1897 which indicated that
the depth to rock was 86 ft., Underground flow measurements
were made by Slichter in 1907 which indicate that there is
no flow at a depth of 42 ft, below the surface. However,
the method used by Slichter is one that is now not acceptable,

CONCLUSION

The study for the current season has had to be reduced
to a continuation of the river study. The well~-publicized
shortage of engineers made it impossible to obtain the man-
power for any other work. We hope to be able to conduct
a more extensive study of one reach of the river and the
relation it bears to the water table next year if we can
find the manpower and if funds are then available.
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