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construct and it is estimated that it will require approximately
$66 million for the comnstruction of the first 25 miles of works,

Utilizing the maps previously obtained, it is possible to lay out the
lateral distribution system so that the individual farms can be
readily served. At the present, it is planned to construct an all
pressure-pipe distribution system for the first block of 10,000 acres,
thereby permitting sprinkler irrigation of these lands.

PROJECT CONSTRUCTION

To date, project works under comstruction extend from Navajo Dam to
approximately midway to the first lands. The works completed consist
of two tunnels, one 2 miles in length and the other 5 miles in length.
In addition, work on three siphons and 2.7 miles of canal is practi-
cally completed. It will be necessary that five additional contracts
be awarded and completed before water can be delivered to the first
block of lands. Had funds been appropriated in accordance with the
original schedule, it would have permitted irrigation of the first
project lands seven years earlier than the now scheduled 1977. Since
the first appropriation in 1963, a total of $28,598,000 has been
appropriated for use through June 30, 1969. This is only 16.3 percent
of the total required to complete the project while the project has
been under construction 39 percent of the original time scheduled for
completion.

CONCLUSION

The four basic requirements for an irrigation project; namely, the
people, the land, the water and the climate, are available in the
project area. Upon completion of the irrigation project, estimated
employment of 6,600 Navajos on the project farms, and related industries,
will affect the standard of living for approximately 30,000 Navajos.
The tremendous effect on the entire Navajo population, and the urgent
need for early completion of the project is apparent. Although this
project is only one of numerous projects and other items of cost to the
Federal Government and must be evaluated in the overall Federal scheme,
it appears that the economic evaluation of the benefits to the Navajos
should lead to continuous efficient progress and early acquisition of
the project benefits.
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SAN JUAN-CHAMA PROJECT

D. E. Cannon}f

I am happy to tell you that construction progress on the San Juan-
Chama Project is excellent and that in the spring of 1971 the
State of New Mexico will have a new source of water available for
its use. For those who may not be familiar with the project I
will give you some background information, a description of the
project, the present status of construction, and the allocation

of water. And should you have any questions, I will attempt to
answer them in the discussion period.

The first in a series of events that are of prime importance to
New Mexico was the Upper Colorado River Compact of 1949, which
allocated to the State a portion of the waters of the Colorado
River. Most of you are aware, I am sure, that this water is the
only sizeable block of undeveloped water remaining in the State.
As a practical matter, all other waters are fully appropriated.

The second event in this series was authorization of the Colorado
River Storage Project in 1956. This Project consists of the Glen
Canyon, Flaming Gorge, Curicantl, and Navajo Reservoirs, all of
which, except the Navajo, produce hydro-electric power. The
purpose of this project is to provide the upstream storage that
will control the river flows, so that the required deliveries can
be made to downstream users, and, in addition, will provide power
revenues. The power revenues, in excess of those required to repay
power costs with interest, are used to assist projects such as the
San Juan-Chama where in some instances the payment ability is
little more than enough to cover annual operation and maintenance
costs. Consequently, the storage project not only makes it possible
for New Mexico to use its allocated share of Colorado River water,
but provides part of the funds required to make the State's project
financilally feasible,

The third event was the authorization of the San Juan-Chama Project
under a bill passed by Congress and signed by the President in June
1962, The project will import, through the Continental Divide, an
average of 110,000 acre-feet of water annually from the Upper

San Juan River tributaries for use in the Rio Grande. The water is
allocated by law, 52,500 acre-feet for Albuquerque; 29,900 acre-feet
for the four tributary units; 22,600 acre-feet for the Middle Rio
Grande Conservancy District; and 5,000 acre-~feet for a recreation
poel in the planned Cochiti Reservoir. The State of New Mexico has
wisely planned use of its water and put in a lot of hard work in
developing its entitlement of Colorado River water. Our state's
water authorities are to be highly commended for their part in bring-
ing about the project.

1/ Project Construction Engineer
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FACTUAL DATA —SAN JUAN-CHAMA

HISTORY

The upper San Juan River area was long considered Indian territory. Because
of its inaccessibility and the proximity of hostile tribes, it was not settled until
shortly before the turn of the present century. The population within the San
Juun area and immediately south is sparse. Pagosa Springs, Colorado. the only
major town in the vicinity, has a population of about 1,500, Much of the land in
the San.Juan River Basindn New Mexico is still inhabited by Indian tribes. The
Navajo, Southern Ute, and Jicarilla Apache Indian Reservations occupy a con-
sidervable portion of the basin, and Navajo [ndian allotments control the greatest
part of the remaining watershed lunds.

In contrast, the Rio Grande Valley is the oldest continuously vccupied area in
the United Siates, and the site of the frst Spanish settlement. Ethaically, it
contains three groups — the native Indiuns, the descendunts of the Spanish set-
tlers, und people of Anglo extraction who came after the American occupation.

The first Spanish cxploration into the area wos made in 1540 by Coronade in
search of the Seven Cities of Cibola, Colonization was started in 1598, and by
the middle of the 18th century Spanish settlements were scattered throughout
the basin. More than 900 years ago the Pueblo Indians of the Rio Grande Valley
had used simple irrigation system: and methods to supply irrigation water to
their lands. The early Spanish colonists adopted the same type irrigation methods
practiced by the Indians, Each community constructed and maintuined its own
ditches, diverting water directly fromt the river without benefit of storage.

The Indians revolted in 1680 and drove the Spaniards as far south as the
present site of Juarez, Mexico, In 1692 De Vargas reconquered the region for
Spain and again Spanish colonists entered the areu. Settlement spread gradually
along the Rio Grande and its tributaries.

In 1821 Mexico, which included inost of the project area, declared her inde-
pendence from Spain. Trade with the United States began in 1823, and by 1840
American merchants were firmly estublished in the basin. Actual occupation by
Americans did not occur until aftér 1848 when the Rio Grande Valley lands
were ceded to the United States by the treaty of Guadalupe Hidalgo.

The population ol the Rio Grande Basin in New Mexico has shown a marked
increase in the last three decades with most of the growth in the counties con-
taining the larger cities and towns. hmportant cities and towns include Santu Fe,
ihe state capitol; Albuguergue, the largest city: Los Cruces; Los Alamos; Taos;
spanola; Bernalillo; Belen: Socorre: and Truth or Conscquences, Prom 1830 to
1960 the population of these cities and towns increased more than fivelold, and
the present tempo of growth indicates continued population increase.

PURPOSE OF THE PROJECT

In the State of New Mexico, with its artd climate, water is the most precious
natural resource and a limiting factor in its development. Throughout the Rio
Grande, the uses of water have been developed to the extent that they far ex-
ceed the available supplies and thete is a pressing need for additional supplies.
Seripus droughts and general decreased river flows have characterized the period
since 1942 and have accentuated the widespread problem of water shortages.

The initial stage of the San Juan-Chama Projectwas authorized for construction
under a bill passed by Congress wid signed into law by the President on June
13, 1962, The project, authorized us a participating project of the Upper Colo-
rade River Storage Project, will make possible an average annual diversion of
about 110,000 acre feet from the upper {ributaries of the San Juan River in the
Upper Colorado River Basin, through the Continental Divide, for utilization in the
Rio Grande Basin in New Mexico.

The imported waters are used to serve the city of Albuguerque with urgently
needed additional water for municipal and industrial purposes (48,200 acre feet
annually ), provide supplemental water for irrigation of lands in the 81.610-acre
Middle Rio Grande Conservancy Disirict, and replace depletion in the Rio Grande
Basin caused by furnishing a firm- water supply to 6,960 acres of land in the
Llano and Pojoague tributary irrigation units in the Rio Grande Basin, Recreo-
tion and the prescervation and propoegation of fish and wildiife ure also purposes
served by the project. An annual allocation of 3,000 acre feet of water is made
available for fish and wildlife and recreation purposes at Cochiti Reservoir.

WATER SUPPLY

The project water supply comes from the share of Colorado River water allo-
cated to New Mexico by the Uppédr Colorado River Baxin Compact. Water is
obtained by diversion of part of the flows of the Rio Blancoe, Little Nuvgjo, and
Nuavajo Rivers, all of which are tyibutaries of the San Juan River. The total
mean annual flow of the streams at the proposed diversion sites for the period
1935 through 1957 was 167,500 acre feet.

Criteria for determination of stream flows to be reserded for downstream uses
and not available for project diversion were established by representatives of
the States of Colorado and New Mexico. These uses included prior water rights,
maintenance of sufficient flows to preserve fish and wildlife values, and mainten-
anve of xanitary conditions, The water bypassed averages 43,800 acre-feet per
vear, leaving for diversion a total of 121700 acre-fect annually, After subtrac-
tion of the various losses due to tragsportation, evaporation, and capacity of the
siphons, a net amount of 110,500 acre-feet is divertable to the Rio Grande Basin

COLLECTION, DIVERSION AND STORAGE FEATURES

The collection and diversion facilities, located in the San Juan River Busin
above vajo Reservoir, consist of three diversion dams, two siphons, and o
tunnel svstom o bringz San Juan Hiver Basin water through the Continental
Divide. The imported water will be stored and held for release in Heron Reser-
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volr, located on Willow Creek, a tributary of the Hio Chama. The outlet works
of El Vado Duam on the Rio Chama has been enlarged to permit passing project
water withoat interfering with the normal operation of Kl Vado Reservoir and to
permit compliance with the Rio Grande Compact, Deliveries of San Juan-Chama
Project water will be made in accordance with the provisions of the Rio Grande
Compact.

The three diversion dams have concrete, ogee-type overflow sections, appropri-
ate gates and headworks to divert water, and a slulcing facility to permit passing
sediment downstream.  The dams are the Blanco on the Ric Blanco, the Little
(so on the Little Navajo River, and the Oso on the Navajo River. Bypasses of
water will be made as necessary at each diversion point to maintain a live
stream for fishing and to furnish water to downstream water users who have
prior water rights.

The conduit system consists of three conerete-lined tunnels, varying in size
from 8-feet T-inches to 10-feet 11-inches in diameter, and two siphons with 8-foot
diameters. The Blanco Tunnel estends from the Rio Blunco to the Little Navajo
River, u distance of about 9 miles, and has u capacity of 5320 cubic feel per
second, Oso Tunnel extends from the Little Navajo River to the Navajo River,
a distance of about 5 miles and has a capacity of 350 cubic feet per second.
Azotea Tumnel lies under the Continental Divide and extends from the Navajo
River to Azotea Creck in the Rio Grande Basin, a distunce of about 13 miles.
Azotea Tunnel has a capacity of 950 cubic feet per sccond,

Approximately 7.25 miles of stream channel on Azotea Creek and Willow Creek
between the outlet portal of Azotea Tunnel and the headwaters of Heron Reser-
voir were included under the heading of channelization. Prevention of erosion
due to the increased flow in these streams was accomplished by channel re-aline-
ment; installation of conerete drop structures; und riprap bank protection.

Heron Dam is located on Willow Creck just above its confluence with the
Chama River and provides a vegulating and storage reservoir with a capacity of
about 400,000 acre-feet. The dam is an earthfill structure rising 263 feet above
the streambed.

Heron Dike, also a rolled earthfill structure, contains the uncontrolled conerete
spillway and is located approximately T mile northwest of Heron Dam, The dike
has @ height of about 75 feet und o crest length of 2,400 fevi. The outlet works
and the spillway have a combined capacity of about 4,700 cubic fect per second
at maximum water surtace,

The outlet works at Kl Vado Dam was enlarged to permit passing of the im-
ported water through the reservoir without interfering with prior releases, The
existing outlet works was plugged and a new vutlet works having a capacity of
4,000 cubic feet per second was constructed. The new outlet works consists of
aconerete-lined tunnel, four high pressure control gates and new intake structure.

TRIBUTARY IRRIGATION ELEMENTS

The Llano Unit is located along a relatively narrow bench adjacent to the
Rio Grande, extending from about 12 miles north to some 4 miles south of the
town of Espanola, Supplemental water provided by the project insures an ade-
quate supply of water for 4,669 acres of irrigable land of which 1,922 acres are
Indian land. The average elevation of the irrigated aren is approximately 5,700
fect above sea level

The project works consist of Velarde Diversion Dam, located on the Rio {irande
about 15 miles north of Espanola, about 19 miles of main canal, and the neces-
sary appurtenant works to effect efficient water delivery, The average annual
diversion requirement is about 2.37 acre-feet per acre of irrigable land in the
Llano Unit, including only the supplemental supply of those lands receiving sup-
plemental waters,

Pojouaque Unit

The Pojoague Unit. about 16 miles north of Santa Fe, is Jocated in the bottom
lands of the Pojeoague and Nambe Rivers. extending about 1Td miles upstream
from the confluence of the Pojoague River und the Rio Grande. Supplemental
water provided by the project insures un adequate supply of water for 2,300
acres of irrigated land, Both Indian and non-Indian lands are imcluded. The
sverage elevation ol theirrigated areais approximately 5,800 feet above sea level.

The storage feature of the unit is the Nambe Falls Dam and Reservoir located
immediately above Numbe Falls on Nambe Creek. The dam is an earthfill and
conerete structure rising about 120 fect above streambed. The reservolr has a
conservation capuacity of 1,500 acre-feet at the end of 50 years and a surfuce
area of 49 acres at normal water sorface elevation, Two diversion dams are
used in water distribution, an existing dum on Nambe Creek at the upper end of
the area, and a new concrete structure helow the village of Pojoague. The canal
system has been enlarged and the ditches have been consolidated. The average
annual diversion requirement is about 3.80 acredfect per acre of birigated land
in the Pojoaque Unit,

Principal crops grown in the Pojougue and Llano Units include applex. hay.
corn, small grains, and a variety of vegetables.

The average annual precipitation at Espanola, New Mexico, 15 1011 inches.
Temperature extremes range from — 23°F. to a maximum of 106°F. The average
frost-free period of 164 days occurs between April 28 and October 10,

{nquiries for additional information may be addresscd G
Regionul Director. Region 3
Bureau of Reclamation
Post Office Box 1609
Amarillp, Texas 78105

GRO 886074



The overall cost of the San Juan-Chama Project is expected to be
$75.5 million. The joint use facilities which consist of the storage
and diversion elements are estimated to cost $56.5 million, of which
about $24.5 million is allocated to Albuquerque's water supply;
$25.7 million to irrigation, and $6.2 million is a non-reimbursable
allocation to recreation and fish and wildlife. Thus, some 90
percent of the joint costs will be repaid by water users or by power
revenues. I should like to add that on all Reclamation projects
constructed, an average of 90 cents out of every dollar is repaid to
the Federal Treasury by the beneficilaries of the project. Repayment
contracts have been signed with the City of Albuquerque and the
Middle Rio Grande Conservancy District for their proportionate share
of the project costs.

These joint use facilities originate in southern Colorado. The
diversion works consist of three long tunnels starting on the

Rio Blanco in Colorado, siphoning under the Little Navajo and Navajo
Rivers, and discharging into a tributary of Willow Creek in New Mexico.
Diversion dams and feeder conduits at all three streams will divert the
available water into the tunnel system. The first two tunnels,
designated Blanco and Oso, will be 8 feet 7 inches in diameter with
capacities of 520 and 550 cubic feet per second. Azotea, the third
tunnel, will be 10 feet 11 inches in diameter with a capacity of 950
cubic feet per second. All tunnels will be circular in shape and
lined with concrete. Tunnel lengths are approximately: Blanco -~ 9
miles; Oso =- 5 miles; and Azotea -=- 13 miles. Other features in the
element are a new outlet works for the existing El Vado Dam and
Reservoir, Channelization for Willow Creek, and Heron Dam and
Reservoilr. The imported water will flow into Heron Reservoir where it
will be stored and regulated, The dam will be an earth and rockfill
structure about 270 feet in height constructed in a canyon on Willow
Creek at its confluence with the Chama River. The reservoir will have
a capacity of 400,000 acre feet. Recreatilonal development on the
reservoir will be constructed by the National Park Service.

Water purchased by Albuquerque and the Middle Rio Grande Conservancy
District will be released from Heron Reservoir as needed and will flow
down the Chama River and Rio Grande to the point of use, Delivery of
Albuquerque's water will be in the river, and the Conservancy District's
water will be diverted from the Rio Grande through its existing irriga-

tion system,

Also authorized under the San Juan-Chama Project were four tributary
units -~ Pojoaque, Llano, Taos, and Cerro. The additional water for
these units is Rio Grande water already appropriated by downstream
users. As Rio Grande water or water from tributaries of the Rio Grande
is stored or diverted for use, equivalent amounts of imported water
will be released from Heron Reservoir. It will flow down the Rio Chama
into the Rio Grande and, in effect, will restore the Rio Grande flows
at the Otowi gage, and give downstream users the same water supply by
exchange that they would have received if the San Juan-Chama Project
had not been builf., I will discuss the tributary units more in detail
later,
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The status of construction of the variocus features is as follows:

The Blanco Diversion Dam and the 9-mile long Blanco Tunnel are
completed and ready for use. The 5-mile long Oso Tunnel is complete
except for backfill grout behind the concrete tunnel lining. This
should be finished in about 2 months. The two diversion dams locat-
ed at the Little Navajo and Navajo Rivers are each about 75 percent
complete, The siphons under the rivers and feeder conduits are yet

to be constructed. The 13-mile long Azotea Tunnel which crosses under
the state line and through the Continental Divide is about 85 percent
complete. Excavation of the tunnel was completed in May 1968 and the
placement of concrete lining is now in progress. About 6 miles of

the concrete lining remain to be placed. A contract has recently been
awarded to complete the channelization between Azotea Tunnel and the
headwaters of Heron Reservoir, At the Heron damsite the diversion
tunnel under the left abutment and operating shaft are practically
completed. Progress on the excavation for the dam abutments and
foundation grouting is such that diversion of Willow Creek should be
accomplished about June 1 which in turn will permit start of embank-
ment placing for the dam. Clearing of Heron Reservoir will be started
this spring. The construction of a new and larger outlet works for
the existing E1l Vado Dam has been completed. Overall the storage and
diversion element is about 78 percent complete and the total project
is 61 percent complete.

Perhaps one of the more interesting facets in the construction of the
project was the use of a mechanical boring machine or mole for tunnel
construction. Prior to this project a mole had never been used on a
Bureau of Reclamation project. Geology reports indicated the rock to
be encountered in the tunnels —-- shale and sandstone -- could be
economically excavated by a mole., An extensive exploration program
was then undertaken consisting of geophysical investigations and sub-
surface drilling. The results of this program were then made available
to all prospective bidders on the tunnels. When bids were opened on
the first tunnel in March 1964, it was obvious that our exploration
program had paid good dividends. Of the ten bids received, seven
indicated a preference for the mole-driven tunnel and only three
indicated performance by conventional methods. The difference between
the low bids received for the mole tunnel and for the conventionally
driven tunnel were in excess of $6.5 million. On bids received for the
other two long tunnels, all indicated use of moles.

When I refer to conventional tumneling, I am speaking of the method
used for many years which involves drilling a series of holes in the
tunnel face, loading the holes with explosives, detonating the explo-
sives, loading the loosened rock into muck cars, hauling the materials
from the tunnel, and then repeating the cycle., Utilizing this method
an average of about 50 feet of tunnel can be excavated in 24 hours,
dependent somewhat on the size of tunmnel, and in one month about 1,000
feet., As a comparison in the Blanco Tunnel on one 8-hour shift 135
feet of tunnel were excavated, in one day 375 feet, and in one month
6,713 feet. And not to be outdone, the contractor on Oso Tunnel
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excavated 156 feet in one 8-hour shift, 403 feet in one day, and
6851 feet in one month. From the above statistics it is plain that
uge of the mole has been very successful and that the San Juan-Chama
Project has materially contributed to the improvement of tunneling
technology. Projects such as the San Juan-Chama are complex and
expensive. The many water laws, compacts, and other contractual
agreements which must be complied with make the planning, develop-
ment, and operation of such projects difficult. Projects in the
future will be even more complicated and expensive. However, I am
sure with the added technology avallable to our planners, engineers,
and scientists these new projects will be feasible and ways will be
found to economically bring water to areas in short supply.

The other element of the San Juan-Chama Project consists of four
tributary irrigation units =-- Cerro, Taos, Llano and Pojoaque ~-

which were authorized under the project., Further investigation

showed that the two larger units -~ Cerro and Taos which are located
north of and in the vicinity of Taos -- were infeasible due to

unsound geological conditions at the proposed reservoir and dam sites.
However, additional planning work is being done on a reduced size

Taos unit. The two smaller units -- Llano and Pojoaque which are
located in the vicinity of Espanola -- are programmed for future
construction., As a result of the infeasibility of the two units
12,000 acre feet of water remains unallocated. On January 30 and 31,
1969, the Interstate Streams Commission conducted a public hearing

and entertained requests for allocation of the surplus water. To show
you what demand exists for water, some 30 applications were receilved
from practically every city and town located adjacent to the Rio
Grande or its tributaries, from potential and existing irrigation
districts, from recreational organizations, and from military installa-
tions and these applications totaled about 170,000 acre feet., Your
water is valuable. Conserve 1t and use it wisely.
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WATER BILLS INTRODUCED IN HOUSE AND SENATE
TWENTY-NINTH NEW MEXICO LEGISLATURE
First Session 1969

Dr. Wm, B. O'Donnell - Representative, Dona Ana County

Lt. Col. James Kirkpatrick - Senator, Dona Ana County

Representative 0'Donnell reported on the bills which were considered
by the 1969 Legislature. These bills may be of the most interest to
this Conference:

Passed

H 231 -

HIM 8

|

S 180 -

S 219

s 59 -

SsM 8 -

Act, to ratify Animas-La Plata Project Compact between
New Mexico and Colorado. Passed House and Senate.
Signed: Chapter 57.

Relating to the urgent need for a series of dams on the Pecos
River and the Tecolote Creek., Passed and Signed.

Administrative Procedures Act providing for standardization of
practice and procedure in the conduct of administrative hear-
ings. Amended and Passed Senate and House. Signed: Chapter
252.

Repealing Section 75-11-26 through 36 NMSA 1953 relating to
rights in underground waters prior to inclusion in an under-
ground basin. Passed the Senate and House. Signed: Chapter 5l.

Relating to the procedure to be used before the state engineer
in regard to public waters. Amended and passed Senate and House.
Signed: Chapter 250.

Making an appropriation for recreational facilities at Running
Water Draw. Amended and passed Senate and House, Signed,
Partial Veto: Chapter 135,

Requesting action to provide for channelization of the Gallinas
River within the limits of Las Vegas Town and City. Passed and

Signed.

Not Passed

H 309 -

H 329 -

Water Basin Appropriation to allow owners of water rights to
appropriate water from underground basin. Do Not Pass House
Committee.

Providing for the banking of unused water and subsequent use
within 5 years. Died in House Committee.
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H 406 - Providing for the regulation of water disposal which is not
contaminated. Died in House Committee.

H 407 - Creating a state water commission who would appoint the state
engineer, Died in House Committee.

HM 25 - Water Rights Moratorium Action Postponed Indefinitely.

S 9 -~ Amending Section 75-11-7 NMSA 1953 dealing with the permanent
or temporary change in well location and the use of the
water. Passed Senate. Died in House Committee.

S 109 -~ Repealing Section 75-11-30 NMSA 1953 relating to the procure-
ment of a permit to complete an appropriation commenced before
a water right basin was declared. Died in Senate Committee.

S 117 - Authorizing the sale of $7,151,000 severance tax lands to
build additional dams and spillway gates on the Canadian
River. Do Not Pass Senate Committee.

§ 174 -~ Providing for mandatory adjudication of water rights in areas
lying outside adjudicated water basins. Died in Senate
Committee.

S 218 - Amending Section 75-11-3, 7, 24 and 25 NMSA 1953 to allow the
state engineer to deny water applications. Do Not Pass
Senate Committee. .

S 261 - Requiring water rights to be held in suspense in certain
situations where a change in use is made. Died in Senate
Committee.

H 284 - Providing for financing of state park and recreation project
in the Eagle Nest Lake Area. Do Not Pass Senate Committee.

Several other bills relating to water problems were introduced but
they were of limited statewide importance or applied to administrative
details.

Representative O'Donnell pointed out that when looking at all of the
water bills which were included, there was relatively no consistency
in the legislative proposals. Many of the bills seemed designed to
pass a law as it applied to an individual, or to review some present
law or court action as it applies to certain restricted subject areas.
There is virtually no way for a legislator at the present time to
consider these bills in relationship to the needs of the state or in
relation to a forward-looking, statewide or community-wide water
development objective.

It was suggested that the Annual Water Conference or the Water

Resources Research Institute might conslder ways by which the legis-
lative needs of New Mexlco and of the several areas of the state could
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be developed. This would permit the legislature to be more consistent
and constructive in its action. As it is now, the legislators have no
idea what kinds of water legislation may be presented or whether that
which is introduced may be constructive in its application even to
those proposing it. It was pointed out, also, that there is no
citizens' group in the state which has considered the needs for legis-
lation in relation to the comservation and development of the water
resources of New Mexico.

Senator Kirkpatrick in his discussion on the general legislative pro-
cedures, stated that a 60-day session did not allow the senators and
representatives adequate time to study the proposed legislation and
to investigate the possible impact of a certain bill on the state or
area involved. He suggested that a 90-day session is needed and he
hoped the Constitutional Convention, to be convened in 1969, would
establish a 90-day session.

Also, he stated that (1) due to lack of time and (2) lack of any
developed water legislation program, the senators generally had to
depend for guidance from either the man who proposed the majority of
water legislation this year, or the State Engineer Office. This, he
felt was not a satisfactory arrangement but about the only alternative
available during the 1969 session of the Legislature.

Senator Kirkpatrick concurred with Representative 0'Donnell on the

need for some type of a developed state water plan which would also
include a guide to water legislation to which the Senate and the House
of Representatives might refer in their deliberations on water legisla-
tion.
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POTENTIALS FOR WATER DEVELOPMENT

WITH ATOMIC POWER

L. P. Reinigl’

Nuclear reactors and nuclear explosives both have potential
applications to water resource develcpment. I1'd like to begin
with reactors and proceed to peaceful uses of nuclear explosives,

Nuclear reactor construction is increasing. In 1965 less than 1
percent of the electricity in the United States was generated by
nuclear plants. By January 1969, 91 central station nuclear
power reactors, with a net capacity of 65,482 MWe, approximately
20% of the nation's generating capacity in 1969, were either
under contract, under construction, or in operation (1). In 1968
alone, electric utilities contracted for 17 nuclear power
stations in the United States, By 1980 it is estimated that the
nuclear share of our American electricity generating capacity
will have risen above 25%, and by the year 2000 about half our
generating plants will be nuclear.

Figure 1 shows a forecast of electric utility generating
capacity, prepared by the Joint Committee on Atomic Energy,
Congress of the United States (2), The steep slope of the curve
marked "'nuclear" is not surprising in view of the fact that
nuclear power plant ''starts” already exceed fossil fuel '"starts"
in this country, and will increase their lead from now on. The
economic reason for this is indicated by the following table
(based on Reference 2) of comparative costs for a 600 MWe2/
power station:

Operation
Maintenance Total
Capital & Insurance Fuel Energy Cost
Costs $/kWe  Mills/kWh Mills/kWh  Mills/kWh
Nuclear Plant 135 «3 1.5 4.5
Fossil Plant 120 .2 2.55 5.15

Current estimates project capital costs at $150 per MWe and bus
bar electricity costs at 4.5 mills per KWH from a 1000 MWe nuclear

reactor.

The term thermal reactor refers to the energy of the neutrons caus-
ing fission. It is sometimes used to refer to the type of reactor

which merely consumes uranium and produces thermal energy since all
commercial power producing thermal reactors are of this type.

1/ Head Engineering Department, Los Alamos Scientific Laboratory.
2/ According to W. Kemnneth Davis of Bechtel Corporation, quoted in
Nucleonics Week, March 13, 1969, there will be much wider use of
nuclear power world-wide as countries reach the point where their
utility systems can utilize economically large nuclear units of 500
MWe or more.
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A breeder reactor refers to the type of reactor which, in addition
to producing thermal energy, also produces additional fuel by, for
example, the capture of neutrons in uranium 238 thereby creating
plutonium 239. Since the suggly of 238y is very large (natural
uranium is 99.3% 238 U, 7% 2 and it is actually possible to
produce more fuel than is consumed this concept promises a system
with very low fuel costs. Since most concepts for breeder reactors
utilize fast or high energy neutrons they are usually referred to
as Fast Breeder reactors.

The AEC budget for Fast Breeder reactors has ranged from $48.3
million in fiscal 1967 to $88.3 million in 1969. In the private
enterprise sector, more than $100 million had been invested, by
January 1969, in Fast Breeder research, development and construction.
Westinghouse plans a $50 million corporate investment in liquid-
metal Fast Breeder reactor work during the next three years, and
General Electric and Babcock and Wilcox are also expanding their
interest in Fast Breeders (1).

The problem with Fast Breeder reactors is one of solving the many
engineering difficulties facing the construction of an economic power
producing reactor.

With a limited budget, the United States program has moved rather
slowly at first in order to avoid wasted effort on uneconomical
systems., The approach now being emphasized is the liquid metal
cooled Fast Breeder. Much effort has gone into the selectlon and
testing of possible fuel systems, and into the development of testing
facilities such as the Fast Flux Test Facility (FFIF) at Hanford,
which will cost almost $100 million. We are nearing the time when,

in conjunction with the testing facilities now under construction, a
demonstration project would provide much of the remaining information
necessary for the commercial exploitation of the Fast Breeder concept.

Breeder reactors are very likely to be the answer to the earth's
shortage of energy sources after fossil fuels (mainly petroleum prod-
ucts and coal) become less plentiful. Even with Breeders, however,
the shortage of fertile material from which fissionable material can
be bred may some day force us to develop machinery for extracting
nuclear energy from more abundant material, such as water. In theory,
the way to do so 1s by exploiting the nuclear fusilon reaction, the
principle of the hydrogen bomb,

Regsearch and development has been underway for geveral years to find
ways in which nuclear fusion can be controlled and harnessed for use-
ful work, such as water desalination and pumping. The AEC budget

for controlled fusion research has ranged from $21.7 million dollars
in fiscal 1966 to a projected $28.3 million in 1969. It is worth-
while to note that the Russlans are spending twice this amount on
fusion research.

As an example of interest from the private sector, private support
for similar research at the University of Texas is rumning at $400,000
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per year (3) --evidence that the utilitles consider controlled fu-
sion a good potential energy source.

The problem with fusion research, as with so many areas of science,
is not with the science itself but with its application. The
reactions are known; the problems involve maintaining the required
high temperatures and pressures necessary to sustain the reactions.
The approach which seems most promising is to heat and compress the
deuterium-tritium plasma with a strong magnetic field., 8o far this
has been successful only on a laboratory scale, for short periods of
time. Research directed toward extending the reaction times so that
power can be extracted ultimately on a commercial scale is being
carried out at several laboratories in the United States, including
Los Alamos. Factors involved in this effort are as follows:

The basic physics problem is to demonstrate a process for
extracting energy from a plasma of deuterium gas. A plasma
is an ionized gas where all of the electrons have been
stripped away from the nucleus.,

Deuterium is "heavy oxygen'', or an isotope of hydrogen,
having one extra neutron in the nucleus. To extract the
energy, the deuterium must be heated to approximately 400
million degrees Kelvin. (The interior temperature of the
sun is estimated to be 15 million degrees Kelvin). At this
temperature, the only known way of containing the plasma is
in a magnetic field and this has been done for brief periods.

Deuterium exists 1n nature: for every 6500 atoms of regular
hydrogen in water, there is 1 atom of deuterium,

Each gallon of water (fresh or salt) will yield about 1/8 gram
of deuterium. This amount of deuterium can be extracted for a
cost of about 5 cents.

The energy present in the 1/8 gram of deuterium is equal to
the energy content of 300 gallons of gasoline.

At the world's current rate of consumption of power, there is
enough energy in the deuterium in the world's oceans to supply
our energy needs for over 1 billion years,

Dr. Fred Ribe, a leader in fusion research at the Los Alamos
Scientific Laboratory, predicts it will take 10 to 15 years to

solve the physics problems involved in controlled fusion. Engineer-
ing problems, says Dr. Ribe, may perhaps be solved by the turn of
the century. However, the expenditures for such engineering
development will far exceed those involved in the physics research
now under way.

One interesting fusion reactor concept (Figure 2) includes a lith-

ium moderator in which tritium reactor fuel will be '"bred" in a way
roughly parallel to the breeding of fissionable fuel in fission
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Fast Breeders. Neutrons from the fusion reaction will bombard the
lithium, producing both useful heat and new tritium.

There is little room for doubt about the economic feasibility of
desalting sea water in evaporators heated with nuclear energy,
whether from fission or fusion reactions. Dr. R. P. Hammond ,
Director of the Nuclear Desalination Program, Oak Ridge National
Laboratory, predicts that sea water can be desalinated for as

little as 22 cents per thousand gallons (4). But there is great need
for further study devoted to optimizing such factors as plant loca-
tion and the proper proportion between desalting and electric power
production. These are largely economic, rather than technological
problems, but they are large. They deserve the close attention they
are being given at the Oak Ridge National Laboratory and elsewhere.
Figure 3 shows an artist's concept of a dual-purpose plant for de-
salting sea water and for power. The large building near the sea
water intake houses a 250 million gallon per day evaporator. The
sphere contains the nuclear reactor steam supply, and the other
buildings house the power station and the sulfuric acid plant used
for pretreatment of the sea water feed stream.

The economics of such plants has been studied intensively, and the
conclugsion most usually drawn has been that dual-purpose nuclear
desalting and power plants will pay their way, especlally if they
are large.

In October 1965, an agreement was signed between Mexico, the United
States, and the International Atomic Energy Agency, IAEA, which
established the framework for the first study in which two emerging
technologies, nuclear energy and desalting, were to be analyzed for
the benefit of an arid region common to the two countries. Several
cases were considered in the three-year study effort, including a
case in which design and cost features were as follows: Water
capacity, one billion gallons per day; electrical power capacity,
2,000 MWe; reactor size, 10,000 MWth; all costs to be based on a 1966~
67 cost index; escalation beyond this cost base not included; nine to
ten years required to plan, design, construct and place in operation
after authorization to proceed.

Estimated capital operating and product costs are as follows, based
on fixed charge rates of four and ten percent, thirty-year life:
Capital cost range - approximately $850 million to $1 billion with
present technology; advanced technology system 1990 (breeder reactor)
- 20 percent less. Annual costs vary from $80 to $180 million.

Water costs in 1980, 16 cents to 33 cents per thousand gallons; in
1990 6 cents to 10 cents per thousand gallons due to technology
improvements. Electricity costs excluding transmission vary from 1,8
to 3.1 mills per KW hour. Breeder reactors projected for advanced
plants in the 1990 period are expected to reduce electricity cost by
«3 mills per KW hour (5).
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According to U. S. Atomic Energy Commissioner Wilfred E. Johnson,
"Nuclear fuel when used in a light-water reactor produces heat in
the boller at a cost of about 14 cents to 20 cents per million
Btu. . . Coal prices have tended to run higher than this and fall
into the range of 25 cents to 35 cents per million Btu's."

It is hoped that Fast Breeder technology will provide fuel costs
in the order of 5 cents to 7 cents per million Btu's., Mr.
Johnson ceontinues, 'The availability of low-cost nuclear energy
will permit us to conserve our fossil fuels and reserve them for
more vitally needed functions, such as transportation and the pro-
duction of chemicals and plastics. Low-cost nuclear energy can
also provide us with the process heat required for desalination
and for the purification and recycling of water" (6).

So much for the usefulness of nuclear reactors, with their rather

slow release of atomic energy. Is there any hope that theilr more

violent cousins, the atomic and hydrogen bombs, can be made useful
in equally peaceful ways? There certainly is.

The technology of peaceful nuclear explosives (PNE) is advancing
rapidly. Project Gasbuggy in the recent past and Project Rulison
in the near future were both designed to stimulate natural gas
flow underground. Gasbuggy was a 26 kiloton explosion at a depth
of 4240 feet. If it lives up to expectations (7), Gasbuggy will
multiply the well's total yield by a factor of seven. Rulison
will be 40 kt at 8500 feet., Project Sloop is scheduled to fracture
underground copper ore beds in southeastern Arizona, and will
pioneer PNE application for the mining industry. Once an under-
ground chimney is formed and partially filled with copper ore
rubble, dilute sulfuric acid will be added to the rubble to leach
the copper from the rock. The pregnant liquor will then be
pumped to the gsurface for extraction of the copper.

Certain PNE applications are exceedingly attractive from the eco-
nomic point of view. A ton of TNT costs something like $1000, as
against the AEC projected charge of 35 cents for the equivalent
potential in thermonuclear explosives --if one buys the explosives
in megaton amounts. Figure 4 shows the AEC projected prices,
which include the services of an arming and firing team. The
price of 35 cents per ton of explosive yield is based on the
$500,000 price for two megatons. At that end of the scale, nuclear
explosive is about 3600 times cheaper than TNT. As the figure
shows, however, the nuclear advantage decreases for smaller shots.
For half a megaton, nuclear explosive is only a thousand times
cheaper, and for 20 kilotons, only fifty times cheaper. Even in
such small sizes, however, the nuclear advantage over conventional
explosives is large enough to make it seem very likely that PNE
will find many applications in water supply development.

One interesting study of such applications is sponsored by the
Arizona Atomic Energy Commission in cooperation with the University
of Arizona. Its preliminary report (8) describes a potential site
investigation for the following projects:
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1. Development of ground water reservoirs and conservation
of streamflow.

2, Development of ground water from low yield aquifers,

3. Combination system --recharge of streamflow and low
yield aquifers.

4, Development of surface reservoirs for water storage.

Figure 5 demonstrates a possible application for PNE. This shows
what happens at four successive stages after the underground
detonation of a nuclear charge -- specifically a charge of the
same yield and depth used in Project Gasbuggy. The first stage,
shown three microseconds after firing, is the one in which an
expanding sphere of high-temperature gas --mainly vaporized rock~-~
creates a spherical cavity underground. The second stage, 500
microseconds later, shows condensed material (molten rock) falling
to the bottom of the cavity. (Note the fracture lines in the
surrounding rock; these fractures can be useful.,) The third stage,
a few seconds to a few hours after the blast, is a time of
collapse, when the weakened rock forming the ceiling of the cavity
breaks loose and falls. This falling process goes on (depending
on the nature of the rock, the size of the charge, and other
factors) until the final configuration, or chimney, shown at right
in the figure, has been reached. It is easy to imagine situations
in which underground fracturing like this, especially with the
creation of a large chimney of highly permeable rock fragments,
might serve purposes related to improved water supplies.

On the earth's surface as well, when the several political, social,
and ecological problems are solved, PNE will become quite useful,
Figure 6 shows how a row of craters, created by nuclear detonations,
can form a vast canal, useful for navigation or water transport or
both.

A year ago thils month, at the Nevada Test Site, five nuclear charges
of 1 kiloton each were used to dig a ditch 65 feet deep, 255 feet
wide, and 855 feet long. 8everal single cratering experiments were
also made, including Project Schooner, last December 8, in which a

35 kiloton charge created a crater 270 feet deep and 800 feet across.
Such experiments have amply demonstrated that nuclear explosives can
be handled safely,

Nuclear energy, both from reactors and from explosives, can become
an important tool in the achievement of water abundance. By means
of the proper use of this tool, many arid regions of the world can
eventually acquire the water they need,
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WATER POTENTIALS OF WEATHER
MODIFICATION

Jesse V,'Lunsfordi/

INTRODUCTION

Weather modification is a term that refers to the alterations of any
of several physical dynamic processes that occur naturally in the
atmosphere. It includes hail suppression, cyclone deterioration,
fog dissipation and precipitation augmentation., It is the latter
that will be discussed in this paper.

Vincent J. Schaefer (1) and Irving Langmuir at the General Electric
Laboratories in Schenectady, New York, demonstrated that certain types
of storm systems produced more rainfall when seeded with dry ice.
Bernard Vonnegut (2) used silver iodide crystals in his studies and
concluded that they were more effective nucleants than soil particu-
lates normally found in the atmosphere. Tor Bergeron (3), a

Swedish meteorologist, and Walter Findeisen, a German physicist,
determined that clouds would begin precipitation if they contained
the right mixture of ice crystals and super-cooled water drops. The
exact mechanism by which raindrops or snowflakes are produced from
tiny cloud droplets or ice particles is not fully understood.

Cloud Physics

The clouds that produce appreciable precipitation are formed when
moist storm systems are forced to rise either by topographical
features or by interaction with a colder air mass. The rising

system is cooled by expansion and billions of tiny water droplets are
formed.

These droplets are extremely small, their diameters ranging from

1 x 1073 to 1 x 10-3 centimeters, and are too light to be effectively
removed from the clouds as precipitation. The buoyancy force due to
air turbulance and the gravity force are approximately equal. Thus
an additional process must occur to form water drops large enough to
fall from the cloud and reach the ground without evaporating.

In the ice crystal process the cloud must exist in a temperature
regime colder than freezing so both ice crystals and super-cooled
water drops will be present. The vapor pressure over the ice crystal
is less than over water, so the ice crystals will grow at the expense
of the water drops.

Extensive laboratory research has conclusively shown that water
vapor requires a nucleus of solid matter about which to freeze if the
temperature is warmer thanm -40°C. The freezing nuclei are quite

1/ Jesse V. Lunsford, Professor, Civil Engineering,
Conrad G. Keyes, Jr., Associate Professor, Civil Engineering, Authors
New Mexico State University, Las Cruces, New Mexico.
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variable in their behavior and their numbers may vary a thousandfold
or more from day to day and from place to place. The natural nuclei
are dusts,or combustion particulates. The particulates are unable
to serve as freezing nuclei until the temperature has fallen to some
value much colder than freezing. Each type of particulate has its
own specific freezing wvalue.

Precipitation augmentation depends upon using artificial nuclei such
as silver iodide to provide the proper nuclei concentration and a
warmer freezing temperature. Figure one (4) indicates the theoreti-
cal relationships between elevation, temperature and type of freezing
nuclei. Water content of Zone A can be affected by silver iodide
nucleation while water in Zome B will remain unaffected.

Practical Application

In 1952, Dr. Irving P. Krick, (5) a meteorologist, initiated a
contract with the City of Dallas, Texas to augment their municipal
water supplies. He used ground based silver iodide generators and
claimed a 407% increase over a period of two years. In 1953 and 1954
he claimed an increase of 23,000 acre feet for Oklahoma City at a cost
of fifty cents per acre foot.

In 1961 the U. S. Congress (6) appropriated $100,000 and commissioned
the U. S. Bureau of Reclamation to initiate concentrated laboratory
research in the physical processes of precipitation. In 1964 the
Bureau of Reclamation started a series of research programs in out-
door laboratories. Contracts were made with several universities and
private corporations for the actual research programs. New Mexico
State University (7) presented a proposal to the Bureau of
Reclamation for a feasibility study within the Rio Grande Basin in
1965. The study indicated the Jemez and Sierra Nacimiento mountain
ranges near Cuba, New Mexico were suitable as an outdoor experimental
project. The Bureau of Reclamation requested, received and funded a
three~year research proposal for study, design, establishment, opera-
tion and evaluation of the precipitation augmentation program in

New Mexico.

The research area is bounded on the west near Cuba, on the north by
Coyote, on the east by the Baca Location and on the south by Jemez
Springs (Figure 2).

The primary purpose of the New Mexico engineering research program

is to develop and use precipitation augmentation and management
procedures to increase the quantity of celestial waters that can be
contained and used for beneficial purposes within the Rio Grande
Basin. 1In addition, the technology developed in this specific basin
can be integrated with the technologies developed from other research
projects within '"Project Skywater" to allow the creation of a nation-
al program to enhance the nation's total water resources. The region
offers the opportunity to develop techniques for precipitation
augmentation where water supplies are very critical and where the
physical constraints enhance the probability of a successful program.
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The drainage basin is very well defined and contains approximately
350 square miles. The climate, hydrology, geology, and logistics are
very unique in the New Mexico program.

A research and experimental program to objectively manage precipita-
tion augmentation from winter orographic snow storms must include the

following components:

A. A statistical design that will determine the experimental units,
and procedures for data collection and analysis.

B. A scientific study of the meteorological parameters to determine
treatability of natural storm systems.

C. An adequate treatment delivery and measurement system.
D. An adequate terrestrial precipitation measurement system.

E. Adequate support facilities, such as, transportation, communica-
tions, radar, radiosonde releasing and tracking, and emergency
shelters.

F. Cooperative work agreements with other state and governmental
agencies (U. S. Forest Service, U. S. Soil Conservation Service,
U. 8. Atomic Energy Corporation, U. S. Geological Survey,
New Mexico Engineer Office, New Mexico Fish and Game Department).

G. A good public relationship with the citizens of the experimental
area and 1ts environs.

H. A comprehensive analysis system to evaluate data within a
reasonable time.

I. S8ufficient funds and personnel to adequately complete the experi-
mental program within a reasonable time.

The New Mexico Project has been involved in the development and
implementation of each of these components. The amount of effort
expended has been limited by a lack of scientific personnel
(Meteorologists), transportation facilities, precipitation and ice
nuclei measuring equipment, and finances.

Each of the components of the program will be discussed briefly to
enhance clarity of purposes and procedures.,

The statistical model is completely randomized and employs separate
target and control areas. Differences between precipitation effects
produced naturally and artificially are analyzed. This model has
been used by the research group at Colorado State University and has
been proven to be very efficient.

The primary objectives of the statistical evaluations have been
directed towards the following:
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1. To determine if there is an increase in the winter snow precip-
itation as a result of cloud seeding operations in the Jemez
and Sierra Nacimiento Mountain Ranges. If so, what is its
magnitude?

2. To determine if there is an increase in the flows of the Jemez
Springs River as a result of cloud seeding in the watershed.

3. To determine if secondary effects have been initiated "down wind"
from the cloud seeding operation in the target area. (Sangre de
Christo Range).

Other evaluation methods will also be considered and investigated as
the program progresses. Some of the methods are listed below in
brief qualitative form:

1. Correlation between average precipitation (day, week, month, storm
period, etc.) on the target and control areas.

2. Precipitation patterns in the target area will be correlated as a
percent of normal of the adjacent areas.

3. Steamflow correlation studies,
4, Times Series Analysis.

A research and field experimental program just include a continued
analysis of the types and classes of storm systems. Experimental pre-
diction models must be developed for reliability and accuracy of
weather forecasts. The New Mexico Project has personnel and equipment
for locating and tracking storm systems as they approach and pass over
the experimental area. Measurement of specific meteorological para-
meters are made to determine suitability for modification. These
parameters are: winds aloft, temperature, relative humidity, pressure,
natural nuclei concentrations and elevations of top and bottom of
cloud system.

The nuclei delivery and measurement system is one of the most difficult
components of the program. Five artificial (CSU Modified Skyfire)
nuclei generators and one (NCAR) portable and acoustical nuclei counter
are being used. Twelve generator sites and one mobile generator unit
have been used near Cuba, New Mexico on Highways 44 and 96 as shown in
Figure 2. The generators operate om a variable pressure system and can
deliver from 0.2 to 0.4 gallons per hour of a 2% solution of AG I in
acetone, A series of diffusion studies have been made to determine the
longitudinal axis and band spread of the Ag I plume from each generator
site. Vertical movement of plume has to be measured by kites or air-
planes. Figure 3 indicates the ground level diffusion pattern for
generator sites and wind direction shown. The winds aloft that
acgompany snow storm systems for our project usually come from 270 *
20~.
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Precipitation on the ground is measured and used as the criteria to
evaluate the efficiency of the project. Twenty-five recording snow
precipitation gages have been installed to create a grid pattern
within specific drainage basins and to present a spectrum of eleva-
tions. The locations are shown on Figure 2. A snow board and a snow
pole are located adjacent to each recording precipitation station.
They are used to provide additional independent measurements of total
precipitation and precipitation per storm period.

The Soil Conservation Service has completed the installation of 12

snow courses within the target area and environs. Information received
will be autocorrelated to provide an independent method of determining
effects of seeding select storm systems. A snow pillow and attendant
instrumentation has been located near an emergency trailer house on
Road 103 to provide a secondary method of measuring precipitation rate
and accumulated snow fall.

Adequate support facilities of radars, transportation, communications,
living quarters and office facilities have been provided to assure an
effective and safe operation.

A Wilcox 890 Series Radar is located on Cuba Mesa to locate intense
storm cels (50Km), to track same, to measure antenna elevation angle,
and to record time of day and day of month. A time-lapse camera has
been mounted on the PPI scope for post-time analysis of storm systems.

A T9 Tracking radar unit is located at the Cuba highway yard and is
used to track balloons and tin foils in special diffusion studies.

A contract has been made with the Director of the Physical Plant
Facilities to lease two 4-wheel drive and one 2-wheel drive trucks.
These vehicles have been fitted with wenches, special tires, canopies
and emergency supplies. Road 103 and the interior of Road 126 are
passable with a 4-wheel drive truck except for the period of January
through March. A snow-kat is available on a cooperative basis from
the U.S. Conservation Service, Snow Survey group. Two ski~-doos and a
portable trailer have been purchased and are used for servicing gages
located off the main roads.

A complete radio communication system has been purchased and a unit
has been installed in each vehicle and at the main office in Cuba. A
relay station has been installed on Blue Bird Mesa. Two portable
radios of the same receiving and sending frequencies are used in the
ski-doos. All personnel make contact with the main office each hour
on the hour. Safety of the personnel is of primary interest to all.

Two trailers have been located on the Cuba highway yard for personnel
living quarters. Bunk beds, showers, refrigerators and cooking
facilities are provided. The radar van on Cuba Mesa, a trailer on
Road 103 and a rock house on Blue Bird Mesa have all been provided
with emergency supplies, bunk beds and a stove.
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In November 1968 the project personnel put the program into full
operation. Fifty randomized yes-no envelopes were prepared and
placed into the custody of the project engineer. The actual field
seeding program has been initiated. The precipitation data can be
analyzed on a year to year basis to determine snow fall rates,
quantities and distribution on a storm and seasonal basis, however
the determination of seed-no-seed snow fall differences require an
accumulation of precipitation records for four to five years.

The project personnel were able to clearly define how many storm
systems passed over the project area, how many of the units were
seedable, the location of how many generators were needed, determina-
tion of plume axis and concentration of artificial nuclei in the
storm systems were made, communications, transportation and all other
systems performed quite well, As a qualitative measurement of
artificial nuclei distribution, personnel have driven through seeded
storms at ground level and have been able to detect a "concentration
gradient wall" by eye and to confirm it by using the NCAR Nuclei
Detector. Analysis of precipitation stations have also indicated

the gradient effect.

The potential for increasing snow pack in selected areas by using
artificial nuclei intelligently looks very promising. Dr. Lewis Grant
(8) of Colorado State University has reported that he has augmented
precipitation in the Climax Project by 10-80% in selected cases where
temperature, pressure, relative humidity and winds were just right.
Negative values were also obtained when seeding occurred during
undesirable gtorm systems.

The scientific approach to precipitation augmentation will succeed,
however, a total environmental analysis will have to be completed to
determine its actual benefit to mankind. The long range plans of the
New Mexico Project include ecological and sociological as well as
economic studies of net benefits,
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THE FUTURE OF SUBSURFACE IRRIGATION:
A METHOD OF SAVING WATER

Eldon G. Hansoni/

Research with subsurface irrigation at New Mexico State University
has been accomplished under a Water Resources Research Institute
project in cooperation with the New Mexico Agricultural Experiment
Station. The research has been conducted jointly by the Agronomy
Department and the Agricultural Engineering Department. Dr. Boyce
Williams of the Agronomy Department has been studying mainly the
influence of subsurface irrigation on cotton yield and fiber quality,
and I have been working mainly with the engineering aspects of design
and management of the system, and consumptive use of water by cotton.

For three years cotton was grown on a field containing eight sub-
surface-irrigated plots which were interspaced with eight surface
irrigated plots. All plots were 158 feet long and each plot contained
half-inch perforated plastic pipe which was buried under each row to a
depth of about 12 inches. These pipes were connected to a two-inch
manifold header for each plot. A two-inch pipe with a meter was used
to connect the headers to the main line of two-inch plastic pipe. The
perforations in the half-inch pipe were 0.030 inch in diameter. They
were made by a 0,030 drill in preference to a punch since previous
tests in the laboratory showed that drilled holes produced more
uniformity of flow,

The surface~irripgated plots were irrigated from alfalfa valves at the
head of each plot. These valves received water from a 10-inch under-
ground pipeline. Alfalfa valves were also installed for each sub-
surface~irrigated plot to permit surface irrigation and leaching in
the event that salt accumulated in these plots. A salt buildup near
the ground surface was considered possible due to evaporation of
capillary water flowing upward from the perforated pipe.

During the first two years there was no appreciable buildup of salt
in the soil. Measurements for the third year have not been completed
to date.

Figure 1 which was taken from a magazine shows an artist's concept of
what subsurface irrigation looks like, It shows water squirting out
of all the little holes in the perforated pipe. Actually, the pipe
buried in the ground has soil pressed up against the holes and as the
water comes out it flows through the pores in the soil. The flow
pattern is approximately spherical as shown by the circular lines in
Figure 2 if flow rates from perforations are low and water moves

1/ Head, Department of Agricultural Engineering,
T New Mexico State University
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FIG. 1 ARTIST'S CONCEPT OF SUBSURFACE IRRIGATION.
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FIG. 2 WETTING FRONT OF SOIL MOISTURE MOVING
BY CAPILLARY FLOW FROM PERFORATED PIPE.
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through the soil by capillary flow. When flow rates through the per-
forations are in excess of the capillary flow capacity of the soil,
the excess is pulled downward by gravity and may be lost below the
root zone by deep percolation. To keep the soil surface as warm as
possible at planting time and to minimize weed growth and salt accumu-
lation at the surface it is desirable to keep the ground surface dry
when irrigating with a subsurface irrigation system. With the perfor-
ations spaced 24 inches apart on a pipe placed 12 inches below the
ground surface the moisture pattern would be somewhat as shown by the
full circular lines in Figure 2 if capillary flow conditions prevail.
There would be some unduly dry zones at the seed planting depth if the
ground surface above each hole was kept dry. Because of this the
spacing was reduced to 12 inches to provide more uniformity of wetting
front at the planting depth near the ground surface as indicated by
the broken circular lines in the figure.

This research was done on one of the slowest subbing soils in this

area. In the area near Lubbock, Texas some subsurface systems have
holes 40 inches apart and capillary movement appears to be satisfactory.
However, that area is more humid and rains have helped to provide uni-
form moisture conditions near the soil surface at planting time. With
the slow-subbing soil used in the local project, there have been problems
of getting a complete and uniform stand on the subsurface plots each
year. In order to have stands which were comparable to the uniform
cotton stands on the surface-irrigated plots, surface irrigation water
was applied to the subsurface plots to prevent skips. By putting some
surface water on subsurface plots the differential between the treat-
ments was somewhat reduced; but despite this, the yield for the first
two years from subsurface-irrigated plots was significantly greater than
that from the surface-irrigated plots. This third year it was decided
to let the crop grow with the skips to see how the fields compared. The
skips in the cotton on the subsurface plots are shown in Figure 3 and
the cotton with complete stands on the surface irrigated plots is shown
in Figure 4,

Each year the plants on the subsurface irrigated plots grew faster and
the squares and boles developed earlier. This was particularly notice-
able during the first year. By the time that the surface-irrigated
plots had two squares the subsurface-irrigated plots had six squares.
Table 1 shows cotton yields and inches of water applied for 1967 and
1968. The 1967 yields are also quite representative of the 1966 yields
in that there was a significant increase in yield from subsurface-
irrigation. The raw data for 1968 shows that 150 pounds more seed
cotton was picked from the subsurface-irrigated plots despite the skips
than was picked from the surface-irrigated plots. These data have not
been analyzed for significance to date.

Measuring of water to the subsurface plots was accomplished by positive
displacement meters on the lead-in pipe to the header of each plot. The
meter is the type that is commonly used by cities to measure water to
homes., Periodic tests have shown that these test meters have an error of
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Fig 3. Cotton stand with skips on sub-
surface irrigated plot. July 24, 1968

S

SN
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Fig. 4 Cotton stand with no skips on sur-
‘face irrigated plot. July 24, 1968
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TABLE 1. COTTION YIELDS AND IRRIGATION WATER APPLIED TO
SURFACE AND SUBSURFACE PLOTS DURING 1967 AND 1968

1967 Treatments

Surface Irrigation Subsurface Irrigation

Heavy Light Heavy Light
Water applied, inches 33.7 28,7 33.2 29,6
Seed cotton, lbs/acre 3337 be 3272 ¢ 3906 a 3409 b 1/

1968 Treatments

Surface Irrigation Subsurface Irrigation

Heavy Light Heavy Light
Water applied, inches 27.6 23.4 21.9 - 18.8
Seed cotton, lbs/acre 3339 2/ 3494 2/

1/ Treatments not followed by the same letter are significantly
different at the five percent level of probability.

2/ Average yields by irrigation method. Data have not been analyzed
by Heavy and Light treatments to date.

-9l -



_36_

INCHES PER DAY

0.3
0.2}

0.1

_WATER APPLICATION

<a— PLANTING DATE
<« FIRST PICKING

HG.5 CONSUMPTIVE USE BY COTTON AND RATES OF WATER APPLICATION
INCLUDING PRECIPITATION, 1968 (SUBSURFACE, HEAVY

TREATHERT)

: & (/

: & o,

R ‘é : "o‘ 2

@ (]
: n‘““ % c ﬂ H s “ H PT i y E USE : el "y,
o » ]
@ ..|‘ ;

~ sununoes?
0 . 0 N I A T R R B e T ; R




_E 6..

MOISTURE PERCENT BY VOLUME

WATER  APPLICATION RATES, AVERAGE INCHES PER DAY
151 13} 10].061.05) 1019 .28 .20 28 |.28|.09{.00] .00 | .01 || .25

““ii‘l'lllI‘lllllll"" "y,
¥,

8! £/ -
Susanrussnaanesenas renst® "'llllluuunluilllJn.‘"
(7
'l"'.,'
l"'

— e e -

i J FIRST
| FOOT
1

L7
oyt 1 I’""lllllllllllllp

-}
-
B °
)
D e e e 7 ame %, 4 o >0

clomon

‘i i “""”1“‘““"“'"01
30 : o o,
§ : | . '
:
:

SECOND
FoOT

ey,
40,
,
{7
g '."
(/) e,
0"
L/

~ £
t"
)
%

I\uun,
o“‘“ Tray ey,
o
o
o

W
N '“““.“nlll!nl Fragans
11

i
|
Uln. . ‘...n““ <8 l)b !

*,
":,"
9,

L/
lll". 2204

———
v ———, W R
*,
(/
2,
o,“

hnnuuunnnul L

PRI I

g e LU LTI P
L1l
ot T

.
x # “
nnlunnuunu l I T

i

A3
W
()]

FIG. 6. SOIL MOISTURE VARIATION UNDER SUBSURFACE IRRIGATED COTTON, 1968

LEGEND: IRRIGATION STARTED reeserreees PLANTING DATE rrmreerm
FIRST PICKING === LAST PICKING =:=m-=—
PRACTICE IRRIGATION = o —



less than two percent. A Sparling meter in the 10-inch underground
line was used to measure the water on the surface plots. The moisture
levels in the soil were measured throughout the season with a neutron
probe.,

Dr. Williams will probably describe the fertilizer and irrigation
treatments later, but I will briefly preview two irrigation treatments
which are the "Light" Treatment and the "Heavy'" Treatment. The plots
designated for the light treatment had water applied in quantity
sufficient to satisfy consumptive use. The plots designated for the
heavy treatment received 25 percent more water than the place with the
light treatment. See Table 1.

Figure 5 shows application rates to the subsurface plots in comparison
to consumptive use. The preplanting irrigation commenced on March 153,
about five weeks before planting. Water was applied at approximately
0.15 inches per day at the beginning of the season. The low applica-
tion rate was selected to allow time for the water to sub up to the
planting depth without having excessive deep percolation losses. A
time clock was used to operate the pump for the subsurface system.
Subsurface irrigation water was applied to the soil with the system
operating 15 minutes during each hour or two throughout the day and
night. The rate of flow was adjusted as needed during the season.

Figure 6 shows typical soil moisture levels in the upper four feet of
soil in the subsurface irrigated plots throughout the 1968 irrigation
season. Since water was being lost below the upper foot soon after
March 15 as shown by the rise in the curves below the first foot, the
application rates were reduced during April and early May to minimize
deep percolation losses. The slow drainage downward continued until
the consumptive use rate increased in June sufficiently to use the
water as it was applied. Application rates shown in Figure 5 were
maintained early in the season at rates higher than consumptive use
until the latter part of June to assure that adequate moisture would
be available in the upper foot while the small plants were extending
their roots and becoming well established. After July 1 the applica-
tion rate was held slightly below the consumptive use rate to permit
the plants to draw slightly on stored soil moisture. Since the July -
August period is the major time of fruiting, moisture levels were held
high during these months. Only a slight lowering of moisture levels
was permitted during August.

FPigure 7 shows how soil moisture levels varied with surface irrigation
during 1968. The solid black vertical lines represent dates of
irrigation. Immediately before each irrigation the moisture level was
low. The difference in moisture levels before and after irrigations
represents the quantity of moisture stored in the soil during irriga-
tions, and the difference in moisture levels between irrigations
represents the quantity of moisture depleted.
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Yesterday Governor Bolack mentioned that he learned from his research
work that it was better to irrigate with one-half as much twice as
often., One of the reasons for this is the up and down variation of
the moisture percentage in the soil with ordinary surface irrigation.
As the moisture level lowers between irrigations the soil moisture
tension increases and more energy must be expended to remove the
moisture from the soll, This condition is usually more pronounced in
the upper part of the root zone where there are more roots, more
organic matter and fertilizer and better aeration. These and other
factors cause molsture depletion to be greater in the upper part of
the root zone. Therefore a continuous supply of available moisture
in the upper and most import part of the root zone is essential for
high yield for most crops. By increasing the frequency of irrigations
and applying less water each time, a buildup of soil moisture tension
in the upper part of the root zone may be minimized.

When plants are wilting severely before an irrigation there is usually
an ample supply of available meoisture in the lower half of the root
zone., Since the root growth in this zone is relatively sparse, the
moisture cannot be moved sufficiently fast from the soil to the plant
to retain plant turgidity. Moisture in the lower part of the root
zone has some benefits to crop yield and will keep the plant from
dying but it is not as effective for high crop production as the
available moisture in the upper part of the root zone.

Subsurface irrigation as used in the project is somewhat of an exten-
sion of Governmor Bolack's statement - "irrigate with half as much,
twice as often." The subsurface plots have been irrigated a hundred
times more often with less than one-hundredth ag much each irrigation.
These plots have had very light irrigations every hour or two, day
and night.

Subsurface irrigation practices in the project have prevented almost
completely up and down fluctuations of soil moisture as shown in
Figure 6 during the months of June, July and August, when the con-
sumptive use of water by the crop is the greatest,

Subsurface irrigation has other benefits besides those which have

been presented. Weed growth on subsurface-irrigated plots has been
considerably less than that on the surface irrigated plots. Sub-
surface irrigation also lends itself to automation. With the develop-
ment of ways to make perforations or slits in pipe or other orifices
with which clogging may be minimized, farmers will be able to irrigate
extensive acreages by automatic controls at the pump. Sensors in the
soil to measure tension may be used to turn the pumps on and off to
maintain optimum moisture conditions.

Subsurface irrigation systems may be designed to apply water efficient-
ly and place the water when and where it will be best utilized. The
peak consumptive use rate for most crops in this area ranges from

0.30 to 0.40 acre-inches per acre per day. This represents slightly
less than seven gallons per minute of water per acre. With subsurface
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pipes under rows 1000 feet long there would be approximately 13
lines per acre if rows are spaced at 38 inches. With continuous
flow to satisfy consumptive use each line would carry seven-thir-
teenths of a gallon per minute with a pressure head loss of less
than two feet of water. By using ori ices with an appropriate size
to have the subsurface lines operate with 20 feet of head at the
upper end and about 18 feet at the lower end, there would only be
about five percent difference in the rates of discharge in the soil
at the extreme ends. By using smaller pipe orifices and higher
operating pressure heads the water application efficiency could be
even higher than 95 percent.

During three years of operation of the subsurface irrigation system
the operating pressure has gradually built up from five feet to
slightly more than 14 feet of water. The increase has been
unimportant with respect to the amount of pressure, but it is
important in that it represents clogging in the perforations.
Samples of pipe removed from the field have shown that about two
holes in sixteen have become completely clogged and some of the re-
maining holes have been partially clogged. It is unlikely that
these systems could be installed to operate for 10 to 20 years with
out unusual filtering requlrements. In recent research by Davis in
California with subsurface irrigation of potatoes, machinery has
been developed with which half-inch plastic pipe can be planted and
harvested with the potatoes., Under this practice the perforated
pipe could be cleaned each fall for use during the next season,

POTENTIALS OF SUBSURFACE IRRIGATION

In the opinion of the leaders in this project subsurface irrigation
has more potential for automated and efficient application of
irrigation water than any other irrigation system now operable (7).
The appended references represent recent and current research work
which increases confidence that solutions will be found for the
problems that have been holding back subsurface irrigation,

Subsurface irrigation opens the door for a new means of applying
fertilizer, fungicide, pesticide, and air directly in the root zone.
No other system offers such potential as a means for balancing

plant growth factors. It is easy to envision benefits from pumping
air through the system into the root zone during periods of extended
rainfall or flooding which ordinarily may damage crop production by
preventing adequate aeration.

With continued research on filters and on the development of slits
(2), orifices, or other openings which will minimize clogging ox
which will be self-cleansing under intermittent application of extra
water pressure, it is expected that subsurface irrigation will be-
come one of the most important methods of automated irrigation in
the future.
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SUMMARY

Yields from cotton grown with subsurface irrigation were significant-
ly greater than yields obtained with surface irrigation. Potential
water savings with subsurface irrigation as compared to surface
irrigation appear to be in excess of 30 percent. Difficulty was
experienced in obtaining a complete stand of cotton due to slow rate
of capillary flow from the subsurface perforated pipe to the shallow
planting depth. The subsurface irrigation system consisted of per-
forated half-inch plastic pipe which was placed 10 to 12 inches deep
under each row. Suspended particles in filtered water partially
obstructed the flow from the pipes to the soil and required an increase
in pressure head to apply design rates of flow through the system.
Water application rates with the subsurface irrigation system ranged
mainly between 0,10 and 0,30 inches per day. Water was measured with
positive displacement meters and application was programmed with a
time clock,
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FUTURE OF SUB~SURFACE IRRIGATION:
INFLUENCE ON COTTON YIELDS AND QUALITY

B. C. Williamsl/

Four years ago, under the auspices of the Water Resource Research
Institute, Professor Hanson and I initiated the first cooperative
study on irrigation and fertility at this station as it affects
growth, development, yields, and quality of cotton. Our choice
of irrigation methods and rates have been reported by Hanson. He
has discussed the installation, operation, and maintenance of the
system and now let us discuss the effects upon yleld and quality
of cotton produced.

First, it is best to point out that no crop, commonly used by man,
grows at its optimum or anywhere near optimum genetic potentilal
when it is stressed for either nutrient, water, or any of the other
factors for growth. In spite of all the problems that we have
encountered in the past four seasons as pointed out in the previous
paper by Hanson, we have effectively increased yields, and we have
maintained quality of the product produced. There are potentials
in the use of this system that have not yet been touched, some of
which I hope to mention later. There is only one system of irriga-
tion that I know of in the world that equals the potential of this
system., It is a trickle irrigation system that is being used by
the Israelis in part of the desert region that they are having to
put under cultivation. Some combination of these two systems
working together could show us possibly even further water savings
from the standpoint of increasing the efficiency in the use of our
water for agricultural production.

Buildup of salt in our system as mehtioned by Hanson has been
remarkably low over the years of operation, the final year's data

are presently being analyzed. This salt buildup was checked by
patterned sampling across the rows of crop at the end of each

growing season in a manner woxked out by Dr. Harold Dregne and
myself., The work of sampling and analysis for salt was accomplished
by one of Dr. Dregne's graduate students. These results and those
from trickle irrigation in Israel are quite similar and both indicate
that we can use waters of relatively poor quality for crop production
without obtaining a large salt buildup for a relatively long period
of time. I have mnot put an actual number of years on this salt
buildup but it is my opinion that occasionally some leaching will be
necessary to remove excess salts., The frequency of such leaching in
the subwsurface irrigation system where surface evaporation is
negligible will have to be determined over a long period of time,

It is highly possible that this system through maintenance of

L/Associate Professor of Soil, Agronomy Department,

New Mexico State University
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relatively constant low hydraulic tensions in the root zone of the
plant may allow for a much more precise evaluation of detrimental
salt concentrations and specific salt effects upon plant growth,
development, and yield. On the irrigation experiment reported

here, we have superimposed five fertility levels utilizing that
fertility level in the field as a check and imposing a 4:1:1 NPK
starting at 120 pounds of nitrogen, then going to 160, 200, 240 and
480 with the comparable ratios of phosphorus and potassium as the
elements.! These fertilizers were sidedressed to the plant, one-
half applied at planting and one-half applied at the time of first
fruit forms. The soils from each plot were sampled for fertility
analysis because this, as far as my part of it is concerned, must be
taken into account when we evaluate the use of water. Over the
years, we have gone back on the same plot every year with the same
treatment. This has resulted in some buildup of fertility within
these plots which has maintained an increased yield., Over the three-
yvear period, we have had one relatively good year, we've had two
relatively poor years, one of which was very poor from the standpoint
of the normal climatic pattern. One thing that we have observed
throughout the experiment is that on the average the maintenance of a
continuous water level within the soil from the standpoint of the
sub-surface system has given us from observation some slight
increase in the temperature of the soll. This has meant to us on the
average for the three years as much as two days earlier emergence of
the cotton crop. It has meant, that our fruit has set earlier and
that the crop matured earlier. We picked what the geneticists have
put in the crop for us to pick.

Here in the first figure we can see the effect that the method of
irrigation had on lint cotton yield, these figures being the average
for two years. I did not average in the raw data from the third

year yield. If they are averaged in, however, it will only drop this
difference slightly, with respect to the lint cotton yield. Here you
see a difference of 160 pounds of lint cotton per acre in favor of
the sub-surface system of irrigation. This, I believe, can be
attributed to a continuous feeding where effects of detrimental
changes in temperature in the root zone are at a minimum. The plant
exhibits no great expenditure of energy for the uptake of water or
nutrients. Therefore, the energy could be used for growth, and for
maturing out the crop.

In figure 2 the differences we had between the light and the heavy
irrigation rates can be seen. You note that heavy irrigation rates
are not needed for good cotton yields, We had a fifty-pound differ-
ential in yield of lint cotton in favor of the light irrigation
system -- the one that was adequate to keep the plant from showing
any evidence of stress from molsture. Thils supports previous work by
Hanson on effects of frequent light irrigations for crop production.

ITo convert P and K to the oxide base (Py05 and Ky0) multiply the
pounds of element by 2.27 and 1,17 respectively.
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One point here is that my use of the term "stress' is not limited
to a deficiency. An excess of anything, water, nutrient, or any
other factor affecting growth, can be as much of a stress upon the
plant as the lack of that particular factor. The effect of low
stress as indicated by thils yield was shown in the plant growth
during the season.

Since there was no interaction between fertility levels and irriga-
tion methods and levels as determined in the individual statistical
analyses as yet, the fertility levels have been separated out. In
Figure 3 it can be seen that there is an increase in yield with
increasing fertility levels. You will note that there is a 325
pound of lint cotton yield increase from the check, or no fertilizer
application, to the rate of 160:40:40 of NPK per acre. This is a
rate that has stood out in over ten years of fertlility rate studies
on cotton and the following drop that we note in yield with recovery
at the higher rate is a common thing. I have no explanation as to
why this occurs, I wish I did. Some day when we have a couple more
good graduate students, maybe it will be possible to find out
exactly what is happening in the system at this point. These yields
are good yields as we can see that we are getting approximately
three bales of lint cotton. These yilelds are especially good since
these were occurring at the same time that the state average yield
of lint cotton was decreasing rather rapidly and steadily. We have
maintained and increased our yield of cotton by proper use of
fertilizers and water. Either one, if improperly used, will give us
poor yields and poor results. Good yields are what we want, but at
the same time we want a product that is marketable. Therefore, we
must look at the quality of the crop produced.

As one knows who has worked with cotton, the micronaire value for the
cotton fiber is an estimate of maturity and fineness of the cotton
produced within a variety of cotton. In other words, it is a measure
of quality of product. So, I have restricted the presentation for
this paper to the micronaire values. In Figure 4 we can see that the
method of irrigation had no effect on the first picked cotton quality.
The first picked cotton quality turned out a 3.6 micronaire value,

In the second pick, you will note that the surface irrigated cotton
dropped slightly lower than did the sub-surface irrigated cotton, and
statistically it does not show a difference. The potential for
better micronaire on sub-surface irrigated cotton is indicated.

A somewhat different effect is seen, Figure 5, with respect to rates
of irrigation water applied. From the standpoint of the rates of
water applied, you noted that we only needed the light rate from the
standpoint of yield. We only need the light rate from the stand-
point of quality of the fiber produced. Here we have an average
micronaire for the first picked cotton in the light drrigation
treatment of 3.8. This is a good quality cotton. We note that

there is a very decided drop, however, into the second pick cotton
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(a) Surface irrigated cotton that is not
open well.

(b) Subsurface irrigated cotton that is well
opened for first pick.

Pigure 7. Effect of irrigation method upon open cotton,
October 17, 1967.
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where the micronaire value goes down to almost 3,0, There is one
thing, however, that I would like to point out to you. Practical-
ly all of the cotton on this particular treatment was picked at
the first pick. We picked less than twenty percent of our cotton
in the second pick. So, therefore, we still had a real good
marketable cotton crop. On the heavy irrigation treatment,
micronaire values are poorer from the standpoint of the light
versus the heavy on the first pick. It did not drop as much on
the second. But we picked more cotton on the second pick. This
indicates less crop maturity since more cotton was picked later in
the season and a less acceptable crop for the market place as
indicated by the lower crop micronaire value.

Now, with respect to fertility, we can see in Figure 6 that there
is very little difference in the first picked cotton micronaire
values. However, statistically, there is a difference between the
120, 160, and 480 levels and the other three levels of fertility.
In the second pick cotton, you will note that the check, or no
fertilizer treatment, and the 160 pound rate of nigrogen coupled
with phosphorus and potassium gave us the best second pick
micronaire cotton. These rates had the highest first pick yields
and the best quality of cotton. Of course, I would prefer that
which we got off the 160:40:40 NPK simply because of the fact that
we got the best yields as well as the best micronailre values for
the crop. I would not sacrifice the yield to obtain the
micronaire value on the second pick crop on the checks, What this
comes down to as far as we can see within our work, is the fact
that if we utilize the water on the basis of consumptive use at
the light irrigation rate, which we have proven can be done in the
third year of experimentation without any surface irrigation water
application, and with the proper fertility, we get a cotton crop
that has good yield and good quality for the market place,

The surface irrigated cotton shown in Figure 7a is not open too
well, it is late. These pictures were made on October 17.

Figure 7b shows the sub-surface irrigated plots. Practically all
of the cotton opened for the first picking. We get back that
which the breeder has put in the crop, if we manage our water

and our soil with respect to fertility so that we can have an
opportunity for the factors of the normal environment other than
these two to be effective. With this combination of factors, we
can obtain our yields and our quality while we are saving water
and using water that we otherwise could not utilize,

The potential of saving of water in these studies ranges from 25

to 30 percent plus as indicated in the data for the first two years
and confirmed in the third year of operation. As to the future of
this particular system, we see many uses. Professor Hanson, at the
end of his paper, mentioned a few. There are other potentials

that we have not touched, There is one definitely that I feel that
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we must think of and have work on and that 1s the temperature
effect, The effect of temperature upon crop growth, development,
and yield is by far one of the greatest that we know. If we can
reduce the fluctuations with respect to soil temperatures, by the
maintenance of high moisture without detrimental effects upon
aeration, or by the introduction of warm waters within the soil
system, we cannot only further increase our yileld but we should
have a much greater effect upon the favorable quality of the
product produced than we have yet shown. This should be effective
because of a more constant rate of both water and nutrient uptake
which should give a more nearly optimum condition for growth and
development of the crop. This becomes even more important when
coupled with feeding the fertilizer through these lines in rela-
tion to the uptake potential of the plant, day by day, the same
as for the water. Higher yields with less amounts of fertilizer
then become common because of an increase in efficiency in use of
water and fertilizers greater than we have ever imagined.
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